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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.

Photo courtesy Bosch �e�roth

Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.

Photo courtesy �ord �otor �o 

“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.

Photo courtesy �or�aspace

A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.

Photo courtesy Behr Group
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.

Photo courtesy Bosch �e�roth

Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.

Photo courtesy �ord �otor �o 

“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.

Photo courtesy �or�aspace

A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.

Photo courtesy �nu�a �nc 

“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”
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might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,
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perform experiments,” says Rahn. “It doesn’t necessarily
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changes in model mix and production volume so you can
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a

 line,

 engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.

Photo courtesy �ord �otor �o 

“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.

Photo courtesy �or�aspace

A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”
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first thing to do when assessing an assembly line is look at safety.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics
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idea of how well the line is really
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the
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“You don’t want to create a racehorse and place it behind

a donkey,” he warns.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start
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looking at how much time each worker spends actually assembling
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.

Photo courtesy Bosch �e�roth

Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.

Photo courtesy �or�aspace

A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.

Photo courtesy Bosch �e�roth

Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.

Photo courtesy �or�aspace

A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.

Photo courtesy �or�aspace

A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.

Photo courtesy �ord �otor �o 

“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.

Photo courtesy �or�aspace

A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.

Photo courtesy �or�aspace

A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.

Photo courtesy ���ison 	rans�ission

Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Industry 4.0 is evolving

into human-centric

manufacturing.

Man vs. Machine

Most manufacturers invest in

automation to improve assembly line

efficiency and productivity.
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any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.
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“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.
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Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.
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“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.
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Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.
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A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.
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Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.
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“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.
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“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”

ASSEMBLY ONLINE

For more information on Dlean manufacturing, visit www.assemblymag.com to read these articles:

Lean Layout Do’s and Don’ts
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Industry 4.0 is evolving

into human-centric

manufacturing.

Man vs. Machine

Most manufacturers invest in

automation to improve assembly line

efficiency and productivity.
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M

any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.
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“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.
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Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.
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“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.
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Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.
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A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.
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Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.
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“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.
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“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”
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M

any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.
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“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.
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Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.
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“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.
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Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.
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A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.
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Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.
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“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.
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“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”

FACTORY OF THE FUTURE MARCH 2022



FACTORY OF THE FUTURE

John Sprovieri // Chief Editor

Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.

Photo courtesy Behr Group

P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Industry 4.0 is evolving

into human-centric

manufacturing.

Man vs. Machine

Most manufacturers invest in

automation to improve assembly line

efficiency and productivity.

Photo courtesy Brose Group

M

any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.
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“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.
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Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.
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“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.
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Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.
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A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.

Photo courtesy Safran SA

Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.

Photo courtesy Brose Group

“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.

Photo courtesy BMW AG

“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”
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Industry 4.0 is evolving

into human-centric

manufacturing.

Man vs. Machine

Most manufacturers invest in

automation to improve assembly line

efficiency and productivity.
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M

any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.

Photo courtesy Universal Robots A/S

“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.
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Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.
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“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.
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Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.
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A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.
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Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.
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“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.
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“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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automation to improve assembly line
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M

any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.
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“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.

Photo courtesy GE Appliances

Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.
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“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.
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Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.
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A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.
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Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.
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“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.

Photo courtesy BMW AG

“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”
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M

any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.
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“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.
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Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.
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“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.
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Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.
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A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.
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Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.
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“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.
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“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”
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M

any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.
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“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.
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Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.
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“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.

Photo courtesy Airbus

Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.
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A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.
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Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.
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“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.
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“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”

FACTORY OF THE FUTURE MARCH 2022



FACTORY OF THE FUTURE

John Sprovieri // Chief Editor

Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Industry 4.0 is evolving

into human-centric

manufacturing.

Man vs. Machine

Most manufacturers invest in

automation to improve assembly line

efficiency and productivity.
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M

any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.
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“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.
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Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.
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“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.
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Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.
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A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.
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Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.
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“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.
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“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”

ASSEMBLY ONLINE
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Industry 4.0 is evolving

into human-centric

manufacturing.

Man vs. Machine

Most manufacturers invest in

automation to improve assembly line

efficiency and productivity.
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M

any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.

Photo courtesy Universal Robots A/S

“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.
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Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.
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“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.
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Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.
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A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.
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Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.
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“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.
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“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”
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Industry 4.0 is evolving

into human-centric

manufacturing.

Man vs. Machine

Most manufacturers invest in

automation to improve assembly line

efficiency and productivity.
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M

any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.
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“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.
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Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.
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“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.
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Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.
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A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.
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Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.
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“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.
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“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Man vs. Machine

Most manufacturers invest in

automation to improve assembly line

efficiency and productivity.

Photo courtesy Brose Group

M

any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.

Photo courtesy Universal Robots A/S

“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.
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Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.
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“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.

Photo courtesy Airbus

Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.

Photo courtesy Ford Motor Co.

A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.
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Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.
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“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.
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“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Industry 4.0 is evolving

into human-centric

manufacturing.

Man vs. Machine

Most manufacturers invest in

automation to improve assembly line

efficiency and productivity.
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M

any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.
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“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.
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Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.
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“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.
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Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.
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A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.
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Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.
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“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.
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“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”

FACTORY OF THE FUTURE MARCH 2022

FACTORY OF THE FUTURE

By Austin Weber // Senior Editor // webera@bnpmedia.com

Industry 4.0 is evolving

into human-centric

manufacturing.

Man vs. Machine

Most manufacturers invest in

automation to improve assembly line

efficiency and productivity.
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M

any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.
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“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.
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Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.

Photo courtesy Mobile Industrial Robots A/S

“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.
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Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.
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A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.
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Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.
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“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.
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“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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into human-centric

manufacturing.

Man vs. Machine

Most manufacturers invest in

automation to improve assembly line

efficiency and productivity.
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M

any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.
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“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.
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Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.
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“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.
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Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.

Photo courtesy Ford Motor Co.

A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.
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Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.
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“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.
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“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.

Photo courtesy �ord �otor �o 

“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Industry 4.0 is evolving

into human-centric

manufacturing.

Man vs. Machine

Most manufacturers invest in

automation to improve assembly line

efficiency and productivity.
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M

any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.
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“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.
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Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.
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“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.
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Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.
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A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.
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Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.
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“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.

Photo courtesy BMW AG

“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”
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Industry 4.0 is evolving

into human-centric

manufacturing.

Man vs. Machine

Most manufacturers invest in

automation to improve assembly line

efficiency and productivity.
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M

any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.
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“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.
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Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.
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“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.
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Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.
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A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.
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Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.

Photo courtesy Brose Group

“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.
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“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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M

any people are afraid of snakes and spiders. But, robots and other machines also create anxiety and trepidation in some

humans. While Industry 4.0 technology, such as artificial intelligence, augmented reality, collaborative robots, data

analytics and digital twins, now make it easier than ever for humans and machines to work in close proximity, fears persist.

People are still concerned about being replaced with automation and advanced technology, such as AI. It’s a part of the human

psyche that has existed ever since cries of “they’ll take our jobs!” were shouted when steam engines first appeared in industrial

settings in the early 1700s.

A decade ago, a pair of economists at Oxford University sparked widespread debate when they released a study claiming that 47

percent of American jobs could be replaced by robots in the near future. Today, that fear has subsided and overall sentiment has

changed.

Some people are still afraid of robots, but recent advancements in automated guided vehicles and collaborative technology have

changed the dynamics of human-machine interaction.

“The general concern about being replaced by robots and other machines will always exist,” says Robert Gao, Ph.D., chairman of

the mechanical and aerospace engineering department at Case Western Reserve University. “There’s a natural reason for people to

worry about losing their jobs.

“The rapid advancement of AI will be increasingly felt by people,” explains Gao, who has been studying the relationship between

humans and robots. “The pandemic has also encouraged many manufacturers to invest in automation to minimize the

involvement of human operators.

“Some of the roles that humans have historically played in manufacturing will be replaced or substituted by robots and other

machines,” warns Gao. “But, that doesn’t necessarily mean people will be out of a job; they must acquire new skills that enable

them to intelligently program, control and work with machines.

Collaborative robots enable humans

and machines to work in close

proximity.
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“In the future, humans will not lose jobs, despite broader acceptance and engagement with machines,” claims Gao.

“Concern over humans vs. machines is a rapidly diminishing issue,” adds Jon Van Wyck, managing director and partner at the

Boston Consulting Group Inc. “There are still some legacy feelings and trepidation, but not like it was back in the 1980s and 1990s.

“With Industry 4.0 technologies, the paradigm is shifting,” says Van Wyck. “Today, the goal of automation in many cases is to

enable companies to meet their production targets and throughput levels, not to replace operators. Cutting-edge robotics enable

manufacturers to operate their factories in a high-value way.”

“In the past, there was more pessimism about the human role in manufacturing,” notes Craig Resnick, vice president of consulting

at ARC Advisory Group. “That sentiment has now flipped in the other direction.

“Today, humans are perceived as being collaborators with machines,” explains Resnick. “We now look at machines as being part of

the digital toolbox that perform routine, mundane and repetitive tasks, while humans focus on optimizing the performance of the

machines and making any necessary changes or adjustments. People are better equipped to comprehend a wider variety of

scenarios and make final decisions.”

Up With People

People still play an important role

on appliance assembly lines.
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Several years ago, when faced with the challenges of automating his flagship factory in Fremont, CA, Tesla’s Elon Musk famously

declared that “humans are underrated.” In today’s era of Industry 4.0 technology, many manufacturing experts believe that

statement is more poignant than ever.

“Manufacturing still needs humans to combine manufacturing experience and digital capabilities to solve problems,” says Mike

Doheny, senior partner at McKinsey & Co. “Technology works best when it’s in the hands of the people—it’s how you create real

change in business.

“There are certain jobs automation can’t do, as they are too intricate or have complex variables, such as assembling wire

harnesses,” explains Doheny. “On the other hand, there are jobs that favor automation when the business case makes sense—

particularly jobs with highly repetitive tasks and few variables that can lead to more consistency in execution and produce a return

on investment.

“Modern machines are also becoming more reprogrammable and flexible, which will only expand their application over the long-

term,” predicts Doheny.

“Historically, machines are great for highly repetitive, simple tasks that have low variability,” adds Max Reynolds, CEO of Symbio

Robotics Inc. The Bay Area startup has been helping legacy manufacturers, such as Ford Motor Co. and Toyota Motor Corp., deploy

AI-controlled robots on their assembly lines.

Recent advancements in automated guided

vehicles and collaborative robots have changed the

dynamics of human-machine interaction.
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“They’re especially well-suited to roles that would otherwise pose a threat to human safety,” Reynolds points out. “In the context of

AI and machine learning, there’s an opportunity for people to focus on more creative work, such as production planning, controls

engineering and robot programming. Thereby focusing time and effort on continuous improvement of the manufacturing process

and overall equipment effectiveness.”

According to Reynolds, technology should fundamentally reframe existing manufacturing “pain points” by using best practices in

areas such as computer vision, human-robot interaction and machine learning.

“As a species, we are very intelligent, adaptable and creative—traits that most machines lack,” says Reynolds. “The key is creating a

process for embedding that intuition, domain knowledge and general intelligence into various robotic automation solutions. That’s

what we believe will drive success.”

“Machines are good at tasks that are commoditized, manual and repetitive, such as assembling, welding, painting and other

[activities] that need to be performed at scale,” adds Maziar Adl, chief technology officer at Gocious, a cloud-based software

system for manufacturers with complex product lines.

“[They are also] good at playing out scenarios and testing a wide variety of permutations and combinations of data to help drive

decision-making, because humans can’t pour through enough data manually,” notes Adl. “The tasks that humans are still best at

are creativity, innovation, decision making and interacting with other humans.”

Humans are hard to replace with machines

for complex tasks, such as aircraft

assembly.
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Prasad Akella, Ph.D., CEO of Drishti Technologies Inc., a Silicon Valley company that is applying AI technology to manual assembly

line applications, believes people are much more adaptable than machines. “Humans are better at adaptability and solving

contact or force problems,” he points out. “Machines are better at noncontact position control.”

Drishti recently conducted a survey of 400 senior manufacturing executives that underscores the pervasive industry sentiment

that people make manufacturing operations more adaptable than machines. In fact, 73 percent of respondents agreed with the

following statement: “The more manual you are, the more adaptable you are.”

“There’s a misperception in manufacturing, including in a number of lean manufacturing shops, that the performance of people

has reached its peak,” says Akella, who led a team of engineers at GM in the 1990s who pioneered collaborative robot technology.

“So, while manufacturers know that people bring a lot of strengths to the table in terms of flexibility, cognition and problem

solving skills, they also assume they can’t be any more productive or mistake-proof. That’s simply not the case.

“Despite talk about lights-out automation, we have a long way to go,” warns Akella. “I still see humans on the plant floor 50 years

from now.”

Get Ready for Industry 5.0

Machines are better at dangerous, dirty,

mundane and repetitive tasks.
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A team of engineers at Case Western Reserve University, the Missouri University of Science and Technology, Stony Brook

University and the University of Florida has been working on a research project to study, predict and optimize how robots will

interact with human coworkers in factories of the future. The project, which began in 2018, will wrap up next year.

“While robots have been increasingly integrated into manufacturing since their introduction in the early 1960s, true human-robot

workplace collaboration is still in the early stages and is only recently being earnestly studied by academics,” says Gao, who is

heading up the research effort.

“Most researchers anticipate humans taking on the more nimble decision making, while robots contribute by lifting heavy tools or

putting the right tool at our side when needed,” explains Gao. “This requires the robot ‘knowing’ or interpreting the human’s body

language and hand movements, anticipating what he’ll do next.

“It requires using sensors, computer models and artificial intelligence that we will develop to help make the robot safely and

efficiently collaborate with human operators,” adds Gao.

According to Gao, advanced collaboration technology will make factories of the future safer and more efficient as robots take on

the more dangerous jobs. “Robots could also help train newer workers by already knowing what tools and parts are needed for a

task that the recently hired human may still be learning,” he points out.

Gao and his colleagues plan to “focus on the prediction part of the robot-human collaboration. That means figuring out how to

teach robot helpers to reliably recognize sometimes random human motions in a variety of different workplace scenarios.”

Some applications, such as wire harness

assembly, are difficult to automate.
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Gao says it’s part of natural evolution from Industry 4.0 to Industry 5.0, an emerging concept that addresses human-centric

applications in manufacturing.

“Most discussion of Industry 4.0 is focused on machines rather than people,” adds Drishti’s Akella, who is currently writing an

article about Industry 5.0 with lean manufacturing guru Jeffrey Liker. “Like Industry 4.0, Industry 5.0 has its roots in Europe.”

The European Union recently published a report on the topic. It claims “Industry 5.0 complements and extends Industry 4.0. It

emphasizes aspects that will be deciding factors, not just economic or technological, for the place of industry in the future

European society. These factors [also have] environmental, social and fundamental rights’ dimensions.”

According to the EU report, Industry 5.0 “places the well being of the worker at the center of the production process and uses new

technologies to provide prosperity beyond jobs and growth, while respecting the production limits of the planet. It complements

the existing Industry 4.0 approach by specifically putting research and innovation at the service of the transition to a sustainable,

human-centric and resilient European industry.”

“The new concept of Industry 5.0 could not come at a better time,” claims Mariya Gabriel, EU commissioner for innovation,

research, culture, education and youth. “Many European industries are reinventing themselves, adapting to the new COVID reality,

increasingly embracing digital and green technologies to remain the solution provider for all Europeans. Now is the time to make

workplaces more inclusive, build more resilient supply chains and adopt more sustainable ways of production.”

New Roles for Humans

Most robots are only as good as

the humans who program them.
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A recent report released by the Smart Factory Institute and the University of Tennessee at Chattanooga does not refer to Industry

5.0 per se, but it contains some similar concepts and ideas. It claims that a human-based workforce will not be replaced by an

automated one, and that the greatest projected workforce need is for human-centered technological skills.

According to the report, entitled “Understanding the Impacts of Industry 4.0 on Manufacturing Organizations & Workers,”

advancements will require corresponding changes in the workforce, much of which will need to be reskilled and retrained to meet

the demands and respond to the opportunities ahead.

The report also dispels the myth that all manufacturing jobs will eventually be automated. In fact, the need for humans with

higher and more complex cognitive skills is expected to increase, and the future workforce will rely even more heavily on “human”

skills such as leadership, initiative taking and entrepreneurship.

“People are at the core of Industry 4.0 technology,” says Mary Beth Hudson, executive director of the Smart Factory Institute.

“Augmented reality, cloud computing, collaborative robots, connected systems and other tools change the nature of work and

allow human-machine integration to increase productivity.”

Hudson claims that robots aren’t taking over factories. Instead of a loss of jobs, she believes a shift in roles is occurring.

Industry 5.0 focuses on human-

centric applications.
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“Jobs are changing to more strategically oriented and technologically rich roles,” explains Hudson. “Employment opportunities are

greater than the potential risks.

“Automation will reduce the need for jobs that are less complex and more routine,” claims Hudson. “The adoption of Industry 4.0 is

not a jobs killer in manufacturing. It’s really an opportunity to create new careers.

“Industry 4.0 brings more complex processes, demands and challenges for manufacturing workers,” Hudson points out. “It’s likely

to lead to work redesign that creates more strategic tasks, greater responsibility and more decision making power for people.

“One main competency will be systems thinking, which challenges workers to develop a broad, comprehensive understanding of

the overall production process and how all of the pieces fit together,” says Hudson. “That means people will no longer just be

focused on their individual workstation.”

“Human-machine collaborative technology opens up new opportunities, especially for individuals who may not have been able to

work in manufacturing in the past when it was considered a physically demanding environment,” adds Denise Rice, president and

CEO of Peak Performance Inc. “As more physical or repetitive job tasks become automated, new positions that require greater

critical thinking. trategy and technical skills will become more relevant.

“That will open up additional pathways for nontraditional manufacturing workers to join the sector,” explains Rice. “But, to prepare

for that change, manufacturers must change their recruiting and selection processes.

“That may help support efforts to overcome negative perceptions about manufacturing—that it’s ‘boring, dirty, hot and

repetitive’—that hinder our ability to attract and retain skilled workers,” notes Rice.

The introduction of these new job is also going to lead to changes in work design, such as increased communication and

collaboration among workers.

Humans will continue to be part of

automotive assembly lines for decades.
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“The remarkable transformation we are anticipating will require a blended approach of human, machine and human-machine

augmented work arrangements supported by advanced technologies,” says Chris Cunningham, Ph.D., a professor of psychology at

the University of Tennessee Chattanooga. “This is exciting, because there’s a potential for work to take on a higher degree of

meaning, which would give [people] a chance to become more engaged and identified with their work.

“That has long been a challenge for many areas of manufacturing,” laments Cunningham. “Often, the people doing assembly tasks

can’t always see the impact that their work is having. But, when you start to empower them with more information and more data,

it helps enrich their job and gives them an opportunity to take more ownership over it. That will help with the recruitment and

attraction of new individuals.

“It’s an opportunity to market and rebrand manufacturing in a different way so that people understand that we’re no longer talking

about mindless work,” explains Cunningham. “It’s not about trying to plug people in and make them part of a machine.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”

ASSEMBLY ONLINE

For more information on Dlean manufacturing, visit www.assemblymag.com to read these articles:

Lean Layout Do’s and Don’ts

8D and A3 Formalize Problem-Solving

Lean Plant Layout
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.

Photo courtesy �ord �otor �o 

“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.

Photo courtesy �nu�a �nc 

“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.

Photo courtesy Bosch �e�roth

Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.

Photo courtesy �nu�a �nc 

“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Design for assembly principles

can improve e�ciency for

manual or automated assembly.

Designing Parts
for Automation

Circular parts are quite challenging to

feed, with round caps being a little easier

to feed due to their thickness.
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T

hat marketers increasingly use robots and automation equipment in their TV ads should come as no surprise. To them, such

machinery represents the product they’re selling: An automatic and simple push-button solution to the problem consumers are

worried about at that moment.

Unfortunately, they don’t tell viewers how much work goes into designing and building this technologically advanced machinery,

nor do they mention the trial and error that engineers go through to ensure automated equipment accurately and consistently

handles each part during assembly.

“We carefully evaluate the design of each part before we quote the price for building an automated system,” says Mike Briggs,

business unit manager at ATC Automation, an integrator and machine builder since 1977. “The customer provides us with complete

models and specs for the parts, including tolerances, and then we closely collaborate during the project. Our shared goal is getting

the parts to go together accurately and consistently during production.”

Sometimes, though, the process does not go smoothly. Briggs recalls a project ATC undertook with a manufacturer, and repeat

customer, that makes hydraulic motors for lawnmowers and excavators.

“They wanted us to build a single automated assembly line for several different motors, each of which had been built on a manual

production line,” notes Briggs. “After extensive research, we had to tell the company not all motor models could be built on one line.

It required two assembly lines to prevent overloading the line and creating inefficiency.”

The reason for multiple lines, according to Briggs, was that not all motors could use the same housing. As a result, problems arose

when trying to configure all the parts in the same way within different housings. One model became too top heavy, and another

was unable to be properly mounted to the excavator.

“We ended up building a high-volume line for most of the models and a low-volume line for the others,” explains Briggs. “Each line

took 10 to 11 months to build, and utilizes the Bosch TS pallet-transfer system with an elevator on both sides and a return

conveyor underneath.”

Designing parts for automated assembly has always been a challenge for engineers. This is especially true when automating a

process that was previously done manually. What’s easy for a person to do is rarely simple for a robot, which is not blessed with

human sight, touch or dexterity. And, whereas people can compensate for minor irregularities in parts, a robot can only perform

the same programmed routine time and again. If two parts do not fit as expected, the robot cannot finesse them together. It will

simply pass the faulty assembly to the next station.

To maximize the efficiency and reliability of automated assembly systems, engineers must design parts specifically to be handled

and fed by robots, vibratory bowls and other automated equipment. A screw with a cone point or oval point is easier to install with

an automatic driver than a screw with a standard rolled-thread point. Closed-ended springs and washers are easier to feed than

those with open ends. Adding a rib, shoulder or indentation to a plastic part can make a world of difference in how easy it is to

feed and grip. Adding a chamfer to a hole can make inserting a part much easier.

DFMA Still Leads the Way

This graphic illustrates how parts change when designed according to DFMA principles.

The revised parts are on the right. Graphics courtesy Medntechnology.co.uk and Steiner

Technologies

The basic principles of design for manufacture and assembly (DFMA) are a good place to start, regardless of how the product will

be assembled. DFMA is a technique pioneered by University of Massachusetts professor Geoffrey Boothroyd and University of

Manchester professor Peter Dewhurst in the 1980s. It combines DFM (design for manufacturing) and DFA (design for assembly),

and is used throughout the entire product development lifecycle—from concept selection to cost estimating and product

benchmarking.

DFM focuses on minimizing part cost though choosing the best manufacturing process, the optimal material and the best tool for

making the product. DFA emphasizes minimizing the total cost of the product by reducing total part count, assembly time and the

complexity of the assembly process.

“DFMA rules are proven and easy to understand,” says David Meeker, founder of Neoteric Product Development, a consulting firm.

“Rules related to automation-based design techniques, like design for automation, are minimally different, and often apply only to

specific processes like parts feeding.

“In general, nine out of 10 products designed using DFMA can be made just as well manually as with automation, although DFMA

will improve the automated assembly process,” continues Meeker. “It’s really a question of having the necessary labor to make the

products at the desired volume.”

Minimizing parts is the biggest advantage of the DFMA methodology, but other basic tenets must not be overlooked, according to

Meeker. Engineers should design products that require few or no fasteners and no reorientation during assembly. Modular design is

also recommended if making a family of products with feature variations.

Meeker says all disciplines involved with product design and assembly need to be on the same page technique-wise, for a project

to be completed smoothly and on time. He acknowledges the likelihood that the design engineer, equipment suppliers and

integrator may not all follow DFMA to the same degree. In that instance, the goal is to emphasize DFMA at the level possible to

create a successful product.

At ATC, engineers advise customers to incorporate DMFA principles into their designs to optimize part handling. This is important

to do as early as possible in the design stage. A rule of thumb is that 70 to 80 percent of a product’s cost is determined at the

design stage.

“More than anything, the focus of design for automation is making sure that each part is processed as efficiently as possible,” says

Aaron Donlon, product manager at Epson Robots. “This requires the engineer to understand which downstream equipment will

handle the part, as well as when, how and for how long.”

Keep it Moving

DFMA emphasizes the importance and benefits of symmetry in part design. Graphic courtesy Christoph Roser at

AllAboutLean.com

On an automated production line, parts make one or more stops at workstations on their way to being assembled into a final

product. How the parts are initially fed can have a big impact on how smoothly, efficiently and consistently they get assembled

along the way.

“Parts with no tabs or external protrusions at all are the hardest to orient,” claims Greg Pflum, CEO and president of Performance

Feeders Inc. “Parts need to press against each other a bit to create a little backlog for them to be properly conveyed. If this doesn’t

happen, the parts may just overlap and jam the inline, conveyor or gravity track.

“Component material is not the issue, as this guideline applies to plastic and metal parts,” Pflum continues. “Rather, it’s the

geometry and consistency of the parts. Without both, parts can’t be efficiently fed.”

The best parts to feed, according to Pflum, are those with one or more right or parallel angles. This shape makes it easy to convey

or grab the part, regardless of its orientation.

“Circular parts, like washers, can be quite challenging to feed,” says Pflum. “When they are thinner than 0.005 inch, they tend to

stack on top of each other and won’t feed up the feeder bowl. When they are less than 0.03 thick, they are subject to jamming in

the inline.

“Round caps are a little easier to feed due to their thickness, but their feed rate will be different in vibratory and centrifugal

systems,” he continues. “For example, a 1.5-inch-diameter cap can be fed at a rate of 60 to 120 parts per minute in a vibratory

bowl or step feeder, vs. 900 parts per minute in a centrifugal system. Centrifugal feeders are designed more for high-speed

feeding.”

In his experience, Briggs says cylindrical parts are the easiest to feed and convey, especially if they have a small external feature or

two that enhances location by a robot or vision system. Upside-down parts are usually hard to feed, as well as those without a

reasonable amount of mass in their center.

“Proper spacing and singulation always improves part feeding,” notes Marco Micheletti, automation director at Fresh Consulting.

“Our engineers have found that using a lift or hoist elevator with the bowl feeder helps achieve both goals.”

As they move along the assembly line, parts get handled by automation equipment or a robot. Ideally, the parts will be clean and

repeatable in shape and size when presented to the robot. Debris-covered and multi-shaped parts are never easy to pick up, which

could result in the robot either dropping the part or bypassing it altogether to maintain its preprogrammed cycle time.

“Large parts or products do sometimes require more robot handling time,” says Donlon. “Recently, a large manufacturer customer

noticed that a robot with a vacuum cup often failed to cleanly grab and move plastic packages. Using a high-speed camera

enabled us to determine why this was happening: The cup’s evacuation time was too short. Extending it slightly, from 200

milliseconds to 300 milliseconds, enabled the cup to stay on the package, rather than roll off. Equally important, productivity

wasn’t impacted, staying at 60 parts per minute.”

Machine-guided vision can be a huge advantage for robotic parts handling, according to Donlon. He also says that backlighting is

more reliable than top lighting in a factory environment. Another recommendation he offers engineers is to use parts with durable

surfaces or coatings (like ceramic) that aren’t easily damaged by gripping.

“Too often, engineers rely too much on their equations and calculations when designing parts rather than performing function

testing of the actual parts themselves,” says Briggs. “We saw this happen amongst mechanical engineers for an automotive

manufacturer that needed to design a hydraulic valve. Their calculations showed a 100 percent accurate fitting of pins within the

bushings, and that their insertion required just 350 pounds of force.

“However, testing showed that the pins actually needed 10 times that amount of pressure, 3,500 pounds, to be inserted,”

continues Briggs. “As a result, we had to replace the planned pneumatic actuator with a much larger electric one that cost

$600,000 more. Not surprisingly, the project was one of the first for them in making this type of product.”

In the late 1980s, IBM decided to design its Proprinter for automation. The printer was intended to complement IBM’s growing

personal computer business, according to Meeker.

“What they discovered is that when one designs for automation, one also designs for manufacturability,” notes Meeker. “The

design for automation lead to dramatic reduction in fasteners, assembly time (170 seconds), and parts and subassemblies (32).

The product automation was successful in part because the Proprinter had reached its theoretical minimum part count.”

A Fresh Approach

Since 2019, Fresh Consulting has implemented the use of automation and robots to help its clients with their product

assembly and testing (shown here). Photo courtesy Fresh Consulting

Based in Seattle, Fresh Consulting is a full-service product development company that was founded in 2007. Since 2019, the

company has implemented the use of automation and robots to help its clients with their product assembly and testing. Clients

range from Fortune 500 OEMs, to logistics companies, to small entrepreneur-inventors, and growing mom-and-pop

manufacturers with a niche product they want to assemble with automation.

“Understanding market fundamentals plays a significant role in determining whether or not a company should automate

assembly,” opines Micheletti. “Knowing the product’s intended lifespan and expected production volume are also key factors in

determining the ROI of any automation capital investment.”

When a prospective client meets with Fresh engineers, the client discusses its automation goals and preferred equipment. These

include feeders, conveyors, robots, indexers, motors, vision systems, sensors, gearboxes and PLCs.

“The process that they choose to assemble their parts is always crucial,” says Micheletti. “If they pick the wrong process for a

specific application, they’ll likely pick the wrong equipment, negatively impacting how the parts are fed, handled and joined

together. When the client is committed to using automation, we examine the process in light of their assumptions related to cycle

time, production rate and other factors.

“Together we determine what makes sense for a reasonable ROI, and then we focus on the most opportunistic aspects of the

assembly process to achieve it with automation,” adds Micheletti. “It has happened where the best approach is building a simple

workcell in which a handful of assembly processes take place.”

One example he cites involved the customer transitioning from a simple manual assembly process involving the soldering of two

parts, to an automated workstation where the parts are fed to a location and soldered together. The client was made aware that,

because part tolerances are much tighter in the latter case, so is the margin of error.

“Using automation to join parts does not mean they can simply be shoved into the right spot as needed,” explains Micheletti. “We

believe in smartly designed parts, but not overly designed ones. When precise orientation is needed, a vision or active alignment

system can ensure that only parts in tolerance get processed.”

Micheletti and other design engineers at Fresh do follow DFMA principles—to the degree that each project allows. He cites the

opportunity to use a part for multiple functions in the product design and assembly. Although sometimes it might make sense to

redesign the multifunction part into two parts to simplify production.

“Never automate an assembly process until all the design bugs are worked out for the product and you have the right key

performance indicators in place,” says Micheletti. “All automation steps must work equally well for optimum parts feeding,

handling and assembly. Also be sure to build in as much flexibility as possible.”

Regardless of the client, Micheletti and his designers recommend that it always have a backup plan for automating complex

processes, just in case. He points out that, regardless of how well thought out, designed, engineered and executed each

workstation and assembly process may be, sometimes challenging complex automation processes may not achieve the desired

operational efficiency requirements.

“This plan may entail including extra space in a station for duplicate or additional operations or finding locations for offloading

parts to a manual station,” concludes Micheletti. “It may even mean just starting with a manual process until you encounter any

technical challenges.”

ASSEMBLY ONLINE

For more information on DFMA, visit www.assemblymag.com to read these articles:

Product Design: Design First, Lean Second.

Think Inside the Box: Design for Manufacturing and Assembly.

DFMA Lets Engineers Focus on What They do Best.

FACTORY OF THE FUTURE MARCH 2022



FACTORY OF THE FUTURE

John Sprovieri // Chief Editor

Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.

Photo courtesy �ord �otor �o 

“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.

Photo courtesy �or�aspace

A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.

Photo courtesy ���ison 	rans�ission

Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Design for assembly principles

can improve e�ciency for

manual or automated assembly.

Designing Parts
for Automation

Circular parts are quite challenging to

feed, with round caps being a little easier

to feed due to their thickness.
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T

hat marketers increasingly use robots and automation equipment in their TV ads should come as no surprise. To them, such

machinery represents the product they’re selling: An automatic and simple push-button solution to the problem consumers are

worried about at that moment.

Unfortunately, they don’t tell viewers how much work goes into designing and building this technologically advanced machinery,

nor do they mention the trial and error that engineers go through to ensure automated equipment accurately and consistently

handles each part during assembly.

“We carefully evaluate the design of each part before we quote the price for building an automated system,” says Mike Briggs,

business unit manager at ATC Automation, an integrator and machine builder since 1977. “The customer provides us with complete

models and specs for the parts, including tolerances, and then we closely collaborate during the project. Our shared goal is getting

the parts to go together accurately and consistently during production.”

Sometimes, though, the process does not go smoothly. Briggs recalls a project ATC undertook with a manufacturer, and repeat

customer, that makes hydraulic motors for lawnmowers and excavators.

“They wanted us to build a single automated assembly line for several different motors, each of which had been built on a manual

production line,” notes Briggs. “After extensive research, we had to tell the company not all motor models could be built on one line.

It required two assembly lines to prevent overloading the line and creating inefficiency.”

The reason for multiple lines, according to Briggs, was that not all motors could use the same housing. As a result, problems arose

when trying to configure all the parts in the same way within different housings. One model became too top heavy, and another

was unable to be properly mounted to the excavator.

“We ended up building a high-volume line for most of the models and a low-volume line for the others,” explains Briggs. “Each line

took 10 to 11 months to build, and utilizes the Bosch TS pallet-transfer system with an elevator on both sides and a return

conveyor underneath.”

Designing parts for automated assembly has always been a challenge for engineers. This is especially true when automating a

process that was previously done manually. What’s easy for a person to do is rarely simple for a robot, which is not blessed with

human sight, touch or dexterity. And, whereas people can compensate for minor irregularities in parts, a robot can only perform

the same programmed routine time and again. If two parts do not fit as expected, the robot cannot finesse them together. It will

simply pass the faulty assembly to the next station.

To maximize the efficiency and reliability of automated assembly systems, engineers must design parts specifically to be handled

and fed by robots, vibratory bowls and other automated equipment. A screw with a cone point or oval point is easier to install with

an automatic driver than a screw with a standard rolled-thread point. Closed-ended springs and washers are easier to feed than

those with open ends. Adding a rib, shoulder or indentation to a plastic part can make a world of difference in how easy it is to

feed and grip. Adding a chamfer to a hole can make inserting a part much easier.

DFMA Still Leads the Way

This graphic illustrates how parts change when designed according to DFMA principles.

The revised parts are on the right. Graphics courtesy Medntechnology.co.uk and Steiner

Technologies

The basic principles of design for manufacture and assembly (DFMA) are a good place to start, regardless of how the product will

be assembled. DFMA is a technique pioneered by University of Massachusetts professor Geoffrey Boothroyd and University of

Manchester professor Peter Dewhurst in the 1980s. It combines DFM (design for manufacturing) and DFA (design for assembly),

and is used throughout the entire product development lifecycle—from concept selection to cost estimating and product

benchmarking.

DFM focuses on minimizing part cost though choosing the best manufacturing process, the optimal material and the best tool for

making the product. DFA emphasizes minimizing the total cost of the product by reducing total part count, assembly time and the

complexity of the assembly process.

“DFMA rules are proven and easy to understand,” says David Meeker, founder of Neoteric Product Development, a consulting firm.

“Rules related to automation-based design techniques, like design for automation, are minimally different, and often apply only to

specific processes like parts feeding.

“In general, nine out of 10 products designed using DFMA can be made just as well manually as with automation, although DFMA

will improve the automated assembly process,” continues Meeker. “It’s really a question of having the necessary labor to make the

products at the desired volume.”

Minimizing parts is the biggest advantage of the DFMA methodology, but other basic tenets must not be overlooked, according to

Meeker. Engineers should design products that require few or no fasteners and no reorientation during assembly. Modular design is

also recommended if making a family of products with feature variations.

Meeker says all disciplines involved with product design and assembly need to be on the same page technique-wise, for a project

to be completed smoothly and on time. He acknowledges the likelihood that the design engineer, equipment suppliers and

integrator may not all follow DFMA to the same degree. In that instance, the goal is to emphasize DFMA at the level possible to

create a successful product.

At ATC, engineers advise customers to incorporate DMFA principles into their designs to optimize part handling. This is important

to do as early as possible in the design stage. A rule of thumb is that 70 to 80 percent of a product’s cost is determined at the

design stage.

“More than anything, the focus of design for automation is making sure that each part is processed as efficiently as possible,” says

Aaron Donlon, product manager at Epson Robots. “This requires the engineer to understand which downstream equipment will

handle the part, as well as when, how and for how long.”

Keep it Moving

DFMA emphasizes the importance and benefits of symmetry in part design. Graphic courtesy Christoph Roser at

AllAboutLean.com

On an automated production line, parts make one or more stops at workstations on their way to being assembled into a final

product. How the parts are initially fed can have a big impact on how smoothly, efficiently and consistently they get assembled

along the way.

“Parts with no tabs or external protrusions at all are the hardest to orient,” claims Greg Pflum, CEO and president of Performance

Feeders Inc. “Parts need to press against each other a bit to create a little backlog for them to be properly conveyed. If this doesn’t

happen, the parts may just overlap and jam the inline, conveyor or gravity track.

“Component material is not the issue, as this guideline applies to plastic and metal parts,” Pflum continues. “Rather, it’s the

geometry and consistency of the parts. Without both, parts can’t be efficiently fed.”

The best parts to feed, according to Pflum, are those with one or more right or parallel angles. This shape makes it easy to convey

or grab the part, regardless of its orientation.

“Circular parts, like washers, can be quite challenging to feed,” says Pflum. “When they are thinner than 0.005 inch, they tend to

stack on top of each other and won’t feed up the feeder bowl. When they are less than 0.03 thick, they are subject to jamming in

the inline.

“Round caps are a little easier to feed due to their thickness, but their feed rate will be different in vibratory and centrifugal

systems,” he continues. “For example, a 1.5-inch-diameter cap can be fed at a rate of 60 to 120 parts per minute in a vibratory

bowl or step feeder, vs. 900 parts per minute in a centrifugal system. Centrifugal feeders are designed more for high-speed

feeding.”

In his experience, Briggs says cylindrical parts are the easiest to feed and convey, especially if they have a small external feature or

two that enhances location by a robot or vision system. Upside-down parts are usually hard to feed, as well as those without a

reasonable amount of mass in their center.

“Proper spacing and singulation always improves part feeding,” notes Marco Micheletti, automation director at Fresh Consulting.

“Our engineers have found that using a lift or hoist elevator with the bowl feeder helps achieve both goals.”

As they move along the assembly line, parts get handled by automation equipment or a robot. Ideally, the parts will be clean and

repeatable in shape and size when presented to the robot. Debris-covered and multi-shaped parts are never easy to pick up, which

could result in the robot either dropping the part or bypassing it altogether to maintain its preprogrammed cycle time.

“Large parts or products do sometimes require more robot handling time,” says Donlon. “Recently, a large manufacturer customer

noticed that a robot with a vacuum cup often failed to cleanly grab and move plastic packages. Using a high-speed camera

enabled us to determine why this was happening: The cup’s evacuation time was too short. Extending it slightly, from 200

milliseconds to 300 milliseconds, enabled the cup to stay on the package, rather than roll off. Equally important, productivity

wasn’t impacted, staying at 60 parts per minute.”

Machine-guided vision can be a huge advantage for robotic parts handling, according to Donlon. He also says that backlighting is

more reliable than top lighting in a factory environment. Another recommendation he offers engineers is to use parts with durable

surfaces or coatings (like ceramic) that aren’t easily damaged by gripping.

“Too often, engineers rely too much on their equations and calculations when designing parts rather than performing function

testing of the actual parts themselves,” says Briggs. “We saw this happen amongst mechanical engineers for an automotive

manufacturer that needed to design a hydraulic valve. Their calculations showed a 100 percent accurate fitting of pins within the

bushings, and that their insertion required just 350 pounds of force.

“However, testing showed that the pins actually needed 10 times that amount of pressure, 3,500 pounds, to be inserted,”

continues Briggs. “As a result, we had to replace the planned pneumatic actuator with a much larger electric one that cost

$600,000 more. Not surprisingly, the project was one of the first for them in making this type of product.”

In the late 1980s, IBM decided to design its Proprinter for automation. The printer was intended to complement IBM’s growing

personal computer business, according to Meeker.

“What they discovered is that when one designs for automation, one also designs for manufacturability,” notes Meeker. “The

design for automation lead to dramatic reduction in fasteners, assembly time (170 seconds), and parts and subassemblies (32).

The product automation was successful in part because the Proprinter had reached its theoretical minimum part count.”

A Fresh Approach

Since 2019, Fresh Consulting has implemented the use of automation and robots to help its clients with their product

assembly and testing (shown here). Photo courtesy Fresh Consulting

Based in Seattle, Fresh Consulting is a full-service product development company that was founded in 2007. Since 2019, the

company has implemented the use of automation and robots to help its clients with their product assembly and testing. Clients

range from Fortune 500 OEMs, to logistics companies, to small entrepreneur-inventors, and growing mom-and-pop

manufacturers with a niche product they want to assemble with automation.

“Understanding market fundamentals plays a significant role in determining whether or not a company should automate

assembly,” opines Micheletti. “Knowing the product’s intended lifespan and expected production volume are also key factors in

determining the ROI of any automation capital investment.”

When a prospective client meets with Fresh engineers, the client discusses its automation goals and preferred equipment. These

include feeders, conveyors, robots, indexers, motors, vision systems, sensors, gearboxes and PLCs.

“The process that they choose to assemble their parts is always crucial,” says Micheletti. “If they pick the wrong process for a

specific application, they’ll likely pick the wrong equipment, negatively impacting how the parts are fed, handled and joined

together. When the client is committed to using automation, we examine the process in light of their assumptions related to cycle

time, production rate and other factors.

“Together we determine what makes sense for a reasonable ROI, and then we focus on the most opportunistic aspects of the

assembly process to achieve it with automation,” adds Micheletti. “It has happened where the best approach is building a simple

workcell in which a handful of assembly processes take place.”

One example he cites involved the customer transitioning from a simple manual assembly process involving the soldering of two

parts, to an automated workstation where the parts are fed to a location and soldered together. The client was made aware that,

because part tolerances are much tighter in the latter case, so is the margin of error.

“Using automation to join parts does not mean they can simply be shoved into the right spot as needed,” explains Micheletti. “We

believe in smartly designed parts, but not overly designed ones. When precise orientation is needed, a vision or active alignment

system can ensure that only parts in tolerance get processed.”

Micheletti and other design engineers at Fresh do follow DFMA principles—to the degree that each project allows. He cites the

opportunity to use a part for multiple functions in the product design and assembly. Although sometimes it might make sense to

redesign the multifunction part into two parts to simplify production.

“Never automate an assembly process until all the design bugs are worked out for the product and you have the right key

performance indicators in place,” says Micheletti. “All automation steps must work equally well for optimum parts feeding,

handling and assembly. Also be sure to build in as much flexibility as possible.”

Regardless of the client, Micheletti and his designers recommend that it always have a backup plan for automating complex

processes, just in case. He points out that, regardless of how well thought out, designed, engineered and executed each

workstation and assembly process may be, sometimes challenging complex automation processes may not achieve the desired

operational efficiency requirements.

“This plan may entail including extra space in a station for duplicate or additional operations or finding locations for offloading

parts to a manual station,” concludes Micheletti. “It may even mean just starting with a manual process until you encounter any

technical challenges.”
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Circular parts are quite challenging to

feed, with round caps being a little easier

to feed due to their thickness.
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T

hat marketers increasingly use robots and automation equipment in their TV ads should come as no surprise. To them, such

machinery represents the product they’re selling: An automatic and simple push-button solution to the problem consumers are

worried about at that moment.

Unfortunately, they don’t tell viewers how much work goes into designing and building this technologically advanced machinery,

nor do they mention the trial and error that engineers go through to ensure automated equipment accurately and consistently

handles each part during assembly.

“We carefully evaluate the design of each part before we quote the price for building an automated system,” says Mike Briggs,

business unit manager at ATC Automation, an integrator and machine builder since 1977. “The customer provides us with complete

models and specs for the parts, including tolerances, and then we closely collaborate during the project. Our shared goal is getting

the parts to go together accurately and consistently during production.”

Sometimes, though, the process does not go smoothly. Briggs recalls a project ATC undertook with a manufacturer, and repeat

customer, that makes hydraulic motors for lawnmowers and excavators.

“They wanted us to build a single automated assembly line for several different motors, each of which had been built on a manual

production line,” notes Briggs. “After extensive research, we had to tell the company not all motor models could be built on one line.

It required two assembly lines to prevent overloading the line and creating inefficiency.”

The reason for multiple lines, according to Briggs, was that not all motors could use the same housing. As a result, problems arose

when trying to configure all the parts in the same way within different housings. One model became too top heavy, and another

was unable to be properly mounted to the excavator.

“We ended up building a high-volume line for most of the models and a low-volume line for the others,” explains Briggs. “Each line

took 10 to 11 months to build, and utilizes the Bosch TS pallet-transfer system with an elevator on both sides and a return

conveyor underneath.”

Designing parts for automated assembly has always been a challenge for engineers. This is especially true when automating a

process that was previously done manually. What’s easy for a person to do is rarely simple for a robot, which is not blessed with

human sight, touch or dexterity. And, whereas people can compensate for minor irregularities in parts, a robot can only perform

the same programmed routine time and again. If two parts do not fit as expected, the robot cannot finesse them together. It will

simply pass the faulty assembly to the next station.

To maximize the efficiency and reliability of automated assembly systems, engineers must design parts specifically to be handled

and fed by robots, vibratory bowls and other automated equipment. A screw with a cone point or oval point is easier to install with

an automatic driver than a screw with a standard rolled-thread point. Closed-ended springs and washers are easier to feed than

those with open ends. Adding a rib, shoulder or indentation to a plastic part can make a world of difference in how easy it is to

feed and grip. Adding a chamfer to a hole can make inserting a part much easier.

DFMA Still Leads the Way

This graphic illustrates how parts change when designed according to DFMA principles.

The revised parts are on the right. Graphics courtesy Medntechnology.co.uk and Steiner

Technologies

The basic principles of design for manufacture and assembly (DFMA) are a good place to start, regardless of how the product will

be assembled. DFMA is a technique pioneered by University of Massachusetts professor Geoffrey Boothroyd and University of

Manchester professor Peter Dewhurst in the 1980s. It combines DFM (design for manufacturing) and DFA (design for assembly),

and is used throughout the entire product development lifecycle—from concept selection to cost estimating and product

benchmarking.

DFM focuses on minimizing part cost though choosing the best manufacturing process, the optimal material and the best tool for

making the product. DFA emphasizes minimizing the total cost of the product by reducing total part count, assembly time and the

complexity of the assembly process.

“DFMA rules are proven and easy to understand,” says David Meeker, founder of Neoteric Product Development, a consulting firm.

“Rules related to automation-based design techniques, like design for automation, are minimally different, and often apply only to

specific processes like parts feeding.

“In general, nine out of 10 products designed using DFMA can be made just as well manually as with automation, although DFMA

will improve the automated assembly process,” continues Meeker. “It’s really a question of having the necessary labor to make the

products at the desired volume.”

Minimizing parts is the biggest advantage of the DFMA methodology, but other basic tenets must not be overlooked, according to

Meeker. Engineers should design products that require few or no fasteners and no reorientation during assembly. Modular design is

also recommended if making a family of products with feature variations.

Meeker says all disciplines involved with product design and assembly need to be on the same page technique-wise, for a project

to be completed smoothly and on time. He acknowledges the likelihood that the design engineer, equipment suppliers and

integrator may not all follow DFMA to the same degree. In that instance, the goal is to emphasize DFMA at the level possible to

create a successful product.

At ATC, engineers advise customers to incorporate DMFA principles into their designs to optimize part handling. This is important

to do as early as possible in the design stage. A rule of thumb is that 70 to 80 percent of a product’s cost is determined at the

design stage.

“More than anything, the focus of design for automation is making sure that each part is processed as efficiently as possible,” says

Aaron Donlon, product manager at Epson Robots. “This requires the engineer to understand which downstream equipment will

handle the part, as well as when, how and for how long.”

Keep it Moving

DFMA emphasizes the importance and benefits of symmetry in part design. Graphic courtesy Christoph Roser at

AllAboutLean.com

On an automated production line, parts make one or more stops at workstations on their way to being assembled into a final

product. How the parts are initially fed can have a big impact on how smoothly, efficiently and consistently they get assembled

along the way.

“Parts with no tabs or external protrusions at all are the hardest to orient,” claims Greg Pflum, CEO and president of Performance

Feeders Inc. “Parts need to press against each other a bit to create a little backlog for them to be properly conveyed. If this doesn’t

happen, the parts may just overlap and jam the inline, conveyor or gravity track.

“Component material is not the issue, as this guideline applies to plastic and metal parts,” Pflum continues. “Rather, it’s the

geometry and consistency of the parts. Without both, parts can’t be efficiently fed.”

The best parts to feed, according to Pflum, are those with one or more right or parallel angles. This shape makes it easy to convey

or grab the part, regardless of its orientation.

“Circular parts, like washers, can be quite challenging to feed,” says Pflum. “When they are thinner than 0.005 inch, they tend to

stack on top of each other and won’t feed up the feeder bowl. When they are less than 0.03 thick, they are subject to jamming in

the inline.

“Round caps are a little easier to feed due to their thickness, but their feed rate will be different in vibratory and centrifugal

systems,” he continues. “For example, a 1.5-inch-diameter cap can be fed at a rate of 60 to 120 parts per minute in a vibratory

bowl or step feeder, vs. 900 parts per minute in a centrifugal system. Centrifugal feeders are designed more for high-speed

feeding.”

In his experience, Briggs says cylindrical parts are the easiest to feed and convey, especially if they have a small external feature or

two that enhances location by a robot or vision system. Upside-down parts are usually hard to feed, as well as those without a

reasonable amount of mass in their center.

“Proper spacing and singulation always improves part feeding,” notes Marco Micheletti, automation director at Fresh Consulting.

“Our engineers have found that using a lift or hoist elevator with the bowl feeder helps achieve both goals.”

As they move along the assembly line, parts get handled by automation equipment or a robot. Ideally, the parts will be clean and

repeatable in shape and size when presented to the robot. Debris-covered and multi-shaped parts are never easy to pick up, which

could result in the robot either dropping the part or bypassing it altogether to maintain its preprogrammed cycle time.

“Large parts or products do sometimes require more robot handling time,” says Donlon. “Recently, a large manufacturer customer

noticed that a robot with a vacuum cup often failed to cleanly grab and move plastic packages. Using a high-speed camera

enabled us to determine why this was happening: The cup’s evacuation time was too short. Extending it slightly, from 200

milliseconds to 300 milliseconds, enabled the cup to stay on the package, rather than roll off. Equally important, productivity

wasn’t impacted, staying at 60 parts per minute.”

Machine-guided vision can be a huge advantage for robotic parts handling, according to Donlon. He also says that backlighting is

more reliable than top lighting in a factory environment. Another recommendation he offers engineers is to use parts with durable

surfaces or coatings (like ceramic) that aren’t easily damaged by gripping.

“Too often, engineers rely too much on their equations and calculations when designing parts rather than performing function

testing of the actual parts themselves,” says Briggs. “We saw this happen amongst mechanical engineers for an automotive

manufacturer that needed to design a hydraulic valve. Their calculations showed a 100 percent accurate fitting of pins within the

bushings, and that their insertion required just 350 pounds of force.

“However, testing showed that the pins actually needed 10 times that amount of pressure, 3,500 pounds, to be inserted,”

continues Briggs. “As a result, we had to replace the planned pneumatic actuator with a much larger electric one that cost

$600,000 more. Not surprisingly, the project was one of the first for them in making this type of product.”

In the late 1980s, IBM decided to design its Proprinter for automation. The printer was intended to complement IBM’s growing

personal computer business, according to Meeker.

“What they discovered is that when one designs for automation, one also designs for manufacturability,” notes Meeker. “The

design for automation lead to dramatic reduction in fasteners, assembly time (170 seconds), and parts and subassemblies (32).

The product automation was successful in part because the Proprinter had reached its theoretical minimum part count.”

A Fresh Approach

Since 2019, Fresh Consulting has implemented the use of automation and robots to help its clients with their product

assembly and testing (shown here). Photo courtesy Fresh Consulting

Based in Seattle, Fresh Consulting is a full-service product development company that was founded in 2007. Since 2019, the

company has implemented the use of automation and robots to help its clients with their product assembly and testing. Clients

range from Fortune 500 OEMs, to logistics companies, to small entrepreneur-inventors, and growing mom-and-pop

manufacturers with a niche product they want to assemble with automation.

“Understanding market fundamentals plays a significant role in determining whether or not a company should automate

assembly,” opines Micheletti. “Knowing the product’s intended lifespan and expected production volume are also key factors in

determining the ROI of any automation capital investment.”

When a prospective client meets with Fresh engineers, the client discusses its automation goals and preferred equipment. These

include feeders, conveyors, robots, indexers, motors, vision systems, sensors, gearboxes and PLCs.

“The process that they choose to assemble their parts is always crucial,” says Micheletti. “If they pick the wrong process for a

specific application, they’ll likely pick the wrong equipment, negatively impacting how the parts are fed, handled and joined

together. When the client is committed to using automation, we examine the process in light of their assumptions related to cycle

time, production rate and other factors.

“Together we determine what makes sense for a reasonable ROI, and then we focus on the most opportunistic aspects of the

assembly process to achieve it with automation,” adds Micheletti. “It has happened where the best approach is building a simple

workcell in which a handful of assembly processes take place.”

One example he cites involved the customer transitioning from a simple manual assembly process involving the soldering of two

parts, to an automated workstation where the parts are fed to a location and soldered together. The client was made aware that,

because part tolerances are much tighter in the latter case, so is the margin of error.

“Using automation to join parts does not mean they can simply be shoved into the right spot as needed,” explains Micheletti. “We

believe in smartly designed parts, but not overly designed ones. When precise orientation is needed, a vision or active alignment

system can ensure that only parts in tolerance get processed.”

Micheletti and other design engineers at Fresh do follow DFMA principles—to the degree that each project allows. He cites the

opportunity to use a part for multiple functions in the product design and assembly. Although sometimes it might make sense to

redesign the multifunction part into two parts to simplify production.

“Never automate an assembly process until all the design bugs are worked out for the product and you have the right key

performance indicators in place,” says Micheletti. “All automation steps must work equally well for optimum parts feeding,

handling and assembly. Also be sure to build in as much flexibility as possible.”

Regardless of the client, Micheletti and his designers recommend that it always have a backup plan for automating complex

processes, just in case. He points out that, regardless of how well thought out, designed, engineered and executed each

workstation and assembly process may be, sometimes challenging complex automation processes may not achieve the desired

operational efficiency requirements.

“This plan may entail including extra space in a station for duplicate or additional operations or finding locations for offloading

parts to a manual station,” concludes Micheletti. “It may even mean just starting with a manual process until you encounter any

technical challenges.”
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Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Design for assembly principles

can improve e�ciency for

manual or automated assembly.

Designing Parts
for Automation

Circular parts are quite challenging to

feed, with round caps being a little easier

to feed due to their thickness.
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T

hat marketers increasingly use robots and automation equipment in their TV ads should come as no surprise. To them, such

machinery represents the product they’re selling: An automatic and simple push-button solution to the problem consumers are

worried about at that moment.

Unfortunately, they don’t tell viewers how much work goes into designing and building this technologically advanced machinery,

nor do they mention the trial and error that engineers go through to ensure automated equipment accurately and consistently

handles each part during assembly.

“We carefully evaluate the design of each part before we quote the price for building an automated system,” says Mike Briggs,

business unit manager at ATC Automation, an integrator and machine builder since 1977. “The customer provides us with complete

models and specs for the parts, including tolerances, and then we closely collaborate during the project. Our shared goal is getting

the parts to go together accurately and consistently during production.”

Sometimes, though, the process does not go smoothly. Briggs recalls a project ATC undertook with a manufacturer, and repeat

customer, that makes hydraulic motors for lawnmowers and excavators.

“They wanted us to build a single automated assembly line for several different motors, each of which had been built on a manual

production line,” notes Briggs. “After extensive research, we had to tell the company not all motor models could be built on one line.

It required two assembly lines to prevent overloading the line and creating inefficiency.”

The reason for multiple lines, according to Briggs, was that not all motors could use the same housing. As a result, problems arose

when trying to configure all the parts in the same way within different housings. One model became too top heavy, and another

was unable to be properly mounted to the excavator.

“We ended up building a high-volume line for most of the models and a low-volume line for the others,” explains Briggs. “Each line

took 10 to 11 months to build, and utilizes the Bosch TS pallet-transfer system with an elevator on both sides and a return

conveyor underneath.”

Designing parts for automated assembly has always been a challenge for engineers. This is especially true when automating a

process that was previously done manually. What’s easy for a person to do is rarely simple for a robot, which is not blessed with

human sight, touch or dexterity. And, whereas people can compensate for minor irregularities in parts, a robot can only perform

the same programmed routine time and again. If two parts do not fit as expected, the robot cannot finesse them together. It will

simply pass the faulty assembly to the next station.

To maximize the efficiency and reliability of automated assembly systems, engineers must design parts specifically to be handled

and fed by robots, vibratory bowls and other automated equipment. A screw with a cone point or oval point is easier to install with

an automatic driver than a screw with a standard rolled-thread point. Closed-ended springs and washers are easier to feed than

those with open ends. Adding a rib, shoulder or indentation to a plastic part can make a world of difference in how easy it is to

feed and grip. Adding a chamfer to a hole can make inserting a part much easier.

DFMA Still Leads the Way

This graphic illustrates how parts change when designed according to DFMA principles.

The revised parts are on the right. Graphics courtesy Medntechnology.co.uk and Steiner

Technologies

The basic principles of design for manufacture and assembly (DFMA) are a good place to start, regardless of how the product will

be assembled. DFMA is a technique pioneered by University of Massachusetts professor Geoffrey Boothroyd and University of

Manchester professor Peter Dewhurst in the 1980s. It combines DFM (design for manufacturing) and DFA (design for assembly),

and is used throughout the entire product development lifecycle—from concept selection to cost estimating and product

benchmarking.

DFM focuses on minimizing part cost though choosing the best manufacturing process, the optimal material and the best tool for

making the product. DFA emphasizes minimizing the total cost of the product by reducing total part count, assembly time and the

complexity of the assembly process.

“DFMA rules are proven and easy to understand,” says David Meeker, founder of Neoteric Product Development, a consulting firm.

“Rules related to automation-based design techniques, like design for automation, are minimally different, and often apply only to

specific processes like parts feeding.

“In general, nine out of 10 products designed using DFMA can be made just as well manually as with automation, although DFMA

will improve the automated assembly process,” continues Meeker. “It’s really a question of having the necessary labor to make the

products at the desired volume.”

Minimizing parts is the biggest advantage of the DFMA methodology, but other basic tenets must not be overlooked, according to

Meeker. Engineers should design products that require few or no fasteners and no reorientation during assembly. Modular design is

also recommended if making a family of products with feature variations.

Meeker says all disciplines involved with product design and assembly need to be on the same page technique-wise, for a project

to be completed smoothly and on time. He acknowledges the likelihood that the design engineer, equipment suppliers and

integrator may not all follow DFMA to the same degree. In that instance, the goal is to emphasize DFMA at the level possible to

create a successful product.

At ATC, engineers advise customers to incorporate DMFA principles into their designs to optimize part handling. This is important

to do as early as possible in the design stage. A rule of thumb is that 70 to 80 percent of a product’s cost is determined at the

design stage.

“More than anything, the focus of design for automation is making sure that each part is processed as efficiently as possible,” says

Aaron Donlon, product manager at Epson Robots. “This requires the engineer to understand which downstream equipment will

handle the part, as well as when, how and for how long.”

Keep it Moving

DFMA emphasizes the importance and benefits of symmetry in part design. Graphic courtesy Christoph Roser at

AllAboutLean.com

On an automated production line, parts make one or more stops at workstations on their way to being assembled into a final

product. How the parts are initially fed can have a big impact on how smoothly, efficiently and consistently they get assembled

along the way.

“Parts with no tabs or external protrusions at all are the hardest to orient,” claims Greg Pflum, CEO and president of Performance

Feeders Inc. “Parts need to press against each other a bit to create a little backlog for them to be properly conveyed. If this doesn’t

happen, the parts may just overlap and jam the inline, conveyor or gravity track.

“Component material is not the issue, as this guideline applies to plastic and metal parts,” Pflum continues. “Rather, it’s the

geometry and consistency of the parts. Without both, parts can’t be efficiently fed.”

The best parts to feed, according to Pflum, are those with one or more right or parallel angles. This shape makes it easy to convey

or grab the part, regardless of its orientation.

“Circular parts, like washers, can be quite challenging to feed,” says Pflum. “When they are thinner than 0.005 inch, they tend to

stack on top of each other and won’t feed up the feeder bowl. When they are less than 0.03 thick, they are subject to jamming in

the inline.

“Round caps are a little easier to feed due to their thickness, but their feed rate will be different in vibratory and centrifugal

systems,” he continues. “For example, a 1.5-inch-diameter cap can be fed at a rate of 60 to 120 parts per minute in a vibratory

bowl or step feeder, vs. 900 parts per minute in a centrifugal system. Centrifugal feeders are designed more for high-speed

feeding.”

In his experience, Briggs says cylindrical parts are the easiest to feed and convey, especially if they have a small external feature or

two that enhances location by a robot or vision system. Upside-down parts are usually hard to feed, as well as those without a

reasonable amount of mass in their center.

“Proper spacing and singulation always improves part feeding,” notes Marco Micheletti, automation director at Fresh Consulting.

“Our engineers have found that using a lift or hoist elevator with the bowl feeder helps achieve both goals.”

As they move along the assembly line, parts get handled by automation equipment or a robot. Ideally, the parts will be clean and

repeatable in shape and size when presented to the robot. Debris-covered and multi-shaped parts are never easy to pick up, which

could result in the robot either dropping the part or bypassing it altogether to maintain its preprogrammed cycle time.

“Large parts or products do sometimes require more robot handling time,” says Donlon. “Recently, a large manufacturer customer

noticed that a robot with a vacuum cup often failed to cleanly grab and move plastic packages. Using a high-speed camera

enabled us to determine why this was happening: The cup’s evacuation time was too short. Extending it slightly, from 200

milliseconds to 300 milliseconds, enabled the cup to stay on the package, rather than roll off. Equally important, productivity

wasn’t impacted, staying at 60 parts per minute.”

Machine-guided vision can be a huge advantage for robotic parts handling, according to Donlon. He also says that backlighting is

more reliable than top lighting in a factory environment. Another recommendation he offers engineers is to use parts with durable

surfaces or coatings (like ceramic) that aren’t easily damaged by gripping.

“Too often, engineers rely too much on their equations and calculations when designing parts rather than performing function

testing of the actual parts themselves,” says Briggs. “We saw this happen amongst mechanical engineers for an automotive

manufacturer that needed to design a hydraulic valve. Their calculations showed a 100 percent accurate fitting of pins within the

bushings, and that their insertion required just 350 pounds of force.

“However, testing showed that the pins actually needed 10 times that amount of pressure, 3,500 pounds, to be inserted,”

continues Briggs. “As a result, we had to replace the planned pneumatic actuator with a much larger electric one that cost

$600,000 more. Not surprisingly, the project was one of the first for them in making this type of product.”

In the late 1980s, IBM decided to design its Proprinter for automation. The printer was intended to complement IBM’s growing

personal computer business, according to Meeker.

“What they discovered is that when one designs for automation, one also designs for manufacturability,” notes Meeker. “The

design for automation lead to dramatic reduction in fasteners, assembly time (170 seconds), and parts and subassemblies (32).

The product automation was successful in part because the Proprinter had reached its theoretical minimum part count.”

A Fresh Approach

Since 2019, Fresh Consulting has implemented the use of automation and robots to help its clients with their product

assembly and testing (shown here). Photo courtesy Fresh Consulting

Based in Seattle, Fresh Consulting is a full-service product development company that was founded in 2007. Since 2019, the

company has implemented the use of automation and robots to help its clients with their product assembly and testing. Clients

range from Fortune 500 OEMs, to logistics companies, to small entrepreneur-inventors, and growing mom-and-pop

manufacturers with a niche product they want to assemble with automation.

“Understanding market fundamentals plays a significant role in determining whether or not a company should automate

assembly,” opines Micheletti. “Knowing the product’s intended lifespan and expected production volume are also key factors in

determining the ROI of any automation capital investment.”

When a prospective client meets with Fresh engineers, the client discusses its automation goals and preferred equipment. These

include feeders, conveyors, robots, indexers, motors, vision systems, sensors, gearboxes and PLCs.

“The process that they choose to assemble their parts is always crucial,” says Micheletti. “If they pick the wrong process for a

specific application, they’ll likely pick the wrong equipment, negatively impacting how the parts are fed, handled and joined

together. When the client is committed to using automation, we examine the process in light of their assumptions related to cycle

time, production rate and other factors.

“Together we determine what makes sense for a reasonable ROI, and then we focus on the most opportunistic aspects of the

assembly process to achieve it with automation,” adds Micheletti. “It has happened where the best approach is building a simple

workcell in which a handful of assembly processes take place.”

One example he cites involved the customer transitioning from a simple manual assembly process involving the soldering of two

parts, to an automated workstation where the parts are fed to a location and soldered together. The client was made aware that,

because part tolerances are much tighter in the latter case, so is the margin of error.

“Using automation to join parts does not mean they can simply be shoved into the right spot as needed,” explains Micheletti. “We

believe in smartly designed parts, but not overly designed ones. When precise orientation is needed, a vision or active alignment

system can ensure that only parts in tolerance get processed.”

Micheletti and other design engineers at Fresh do follow DFMA principles—to the degree that each project allows. He cites the

opportunity to use a part for multiple functions in the product design and assembly. Although sometimes it might make sense to

redesign the multifunction part into two parts to simplify production.

“Never automate an assembly process until all the design bugs are worked out for the product and you have the right key

performance indicators in place,” says Micheletti. “All automation steps must work equally well for optimum parts feeding,

handling and assembly. Also be sure to build in as much flexibility as possible.”

Regardless of the client, Micheletti and his designers recommend that it always have a backup plan for automating complex

processes, just in case. He points out that, regardless of how well thought out, designed, engineered and executed each

workstation and assembly process may be, sometimes challenging complex automation processes may not achieve the desired

operational efficiency requirements.

“This plan may entail including extra space in a station for duplicate or additional operations or finding locations for offloading

parts to a manual station,” concludes Micheletti. “It may even mean just starting with a manual process until you encounter any

technical challenges.”
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should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.

Photo courtesy �or�aspace

A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.

Photo courtesy ���ison 	rans�ission

Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Design for assembly principles

can improve e�ciency for

manual or automated assembly.

Designing Parts
for Automation

Circular parts are quite challenging to

feed, with round caps being a little easier

to feed due to their thickness.
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T

hat marketers increasingly use robots and automation equipment in their TV ads should come as no surprise. To them, such

machinery represents the product they’re selling: An automatic and simple push-button solution to the problem consumers are

worried about at that moment.

Unfortunately, they don’t tell viewers how much work goes into designing and building this technologically advanced machinery,

nor do they mention the trial and error that engineers go through to ensure automated equipment accurately and consistently

handles each part during assembly.

“We carefully evaluate the design of each part before we quote the price for building an automated system,” says Mike Briggs,

business unit manager at ATC Automation, an integrator and machine builder since 1977. “The customer provides us with complete

models and specs for the parts, including tolerances, and then we closely collaborate during the project. Our shared goal is getting

the parts to go together accurately and consistently during production.”

Sometimes, though, the process does not go smoothly. Briggs recalls a project ATC undertook with a manufacturer, and repeat

customer, that makes hydraulic motors for lawnmowers and excavators.

“They wanted us to build a single automated assembly line for several different motors, each of which had been built on a manual

production line,” notes Briggs. “After extensive research, we had to tell the company not all motor models could be built on one line.

It required two assembly lines to prevent overloading the line and creating inefficiency.”

The reason for multiple lines, according to Briggs, was that not all motors could use the same housing. As a result, problems arose

when trying to configure all the parts in the same way within different housings. One model became too top heavy, and another

was unable to be properly mounted to the excavator.

“We ended up building a high-volume line for most of the models and a low-volume line for the others,” explains Briggs. “Each line

took 10 to 11 months to build, and utilizes the Bosch TS pallet-transfer system with an elevator on both sides and a return

conveyor underneath.”

Designing parts for automated assembly has always been a challenge for engineers. This is especially true when automating a

process that was previously done manually. What’s easy for a person to do is rarely simple for a robot, which is not blessed with

human sight, touch or dexterity. And, whereas people can compensate for minor irregularities in parts, a robot can only perform

the same programmed routine time and again. If two parts do not fit as expected, the robot cannot finesse them together. It will

simply pass the faulty assembly to the next station.

To maximize the efficiency and reliability of automated assembly systems, engineers must design parts specifically to be handled

and fed by robots, vibratory bowls and other automated equipment. A screw with a cone point or oval point is easier to install with

an automatic driver than a screw with a standard rolled-thread point. Closed-ended springs and washers are easier to feed than

those with open ends. Adding a rib, shoulder or indentation to a plastic part can make a world of difference in how easy it is to

feed and grip. Adding a chamfer to a hole can make inserting a part much easier.

DFMA Still Leads the Way

This graphic illustrates how parts change when designed according to DFMA principles.

The revised parts are on the right. Graphics courtesy Medntechnology.co.uk and Steiner

Technologies

The basic principles of design for manufacture and assembly (DFMA) are a good place to start, regardless of how the product will

be assembled. DFMA is a technique pioneered by University of Massachusetts professor Geoffrey Boothroyd and University of

Manchester professor Peter Dewhurst in the 1980s. It combines DFM (design for manufacturing) and DFA (design for assembly),

and is used throughout the entire product development lifecycle—from concept selection to cost estimating and product

benchmarking.

DFM focuses on minimizing part cost though choosing the best manufacturing process, the optimal material and the best tool for

making the product. DFA emphasizes minimizing the total cost of the product by reducing total part count, assembly time and the

complexity of the assembly process.

“DFMA rules are proven and easy to understand,” says David Meeker, founder of Neoteric Product Development, a consulting firm.

“Rules related to automation-based design techniques, like design for automation, are minimally different, and often apply only to

specific processes like parts feeding.

“In general, nine out of 10 products designed using DFMA can be made just as well manually as with automation, although DFMA

will improve the automated assembly process,” continues Meeker. “It’s really a question of having the necessary labor to make the

products at the desired volume.”

Minimizing parts is the biggest advantage of the DFMA methodology, but other basic tenets must not be overlooked, according to

Meeker. Engineers should design products that require few or no fasteners and no reorientation during assembly. Modular design is

also recommended if making a family of products with feature variations.

Meeker says all disciplines involved with product design and assembly need to be on the same page technique-wise, for a project

to be completed smoothly and on time. He acknowledges the likelihood that the design engineer, equipment suppliers and

integrator may not all follow DFMA to the same degree. In that instance, the goal is to emphasize DFMA at the level possible to

create a successful product.

At ATC, engineers advise customers to incorporate DMFA principles into their designs to optimize part handling. This is important

to do as early as possible in the design stage. A rule of thumb is that 70 to 80 percent of a product’s cost is determined at the

design stage.

“More than anything, the focus of design for automation is making sure that each part is processed as efficiently as possible,” says

Aaron Donlon, product manager at Epson Robots. “This requires the engineer to understand which downstream equipment will

handle the part, as well as when, how and for how long.”

Keep it Moving

DFMA emphasizes the importance and benefits of symmetry in part design. Graphic courtesy Christoph Roser at

AllAboutLean.com

On an automated production line, parts make one or more stops at workstations on their way to being assembled into a final

product. How the parts are initially fed can have a big impact on how smoothly, efficiently and consistently they get assembled

along the way.

“Parts with no tabs or external protrusions at all are the hardest to orient,” claims Greg Pflum, CEO and president of Performance

Feeders Inc. “Parts need to press against each other a bit to create a little backlog for them to be properly conveyed. If this doesn’t

happen, the parts may just overlap and jam the inline, conveyor or gravity track.

“Component material is not the issue, as this guideline applies to plastic and metal parts,” Pflum continues. “Rather, it’s the

geometry and consistency of the parts. Without both, parts can’t be efficiently fed.”

The best parts to feed, according to Pflum, are those with one or more right or parallel angles. This shape makes it easy to convey

or grab the part, regardless of its orientation.

“Circular parts, like washers, can be quite challenging to feed,” says Pflum. “When they are thinner than 0.005 inch, they tend to

stack on top of each other and won’t feed up the feeder bowl. When they are less than 0.03 thick, they are subject to jamming in

the inline.

“Round caps are a little easier to feed due to their thickness, but their feed rate will be different in vibratory and centrifugal

systems,” he continues. “For example, a 1.5-inch-diameter cap can be fed at a rate of 60 to 120 parts per minute in a vibratory

bowl or step feeder, vs. 900 parts per minute in a centrifugal system. Centrifugal feeders are designed more for high-speed

feeding.”

In his experience, Briggs says cylindrical parts are the easiest to feed and convey, especially if they have a small external feature or

two that enhances location by a robot or vision system. Upside-down parts are usually hard to feed, as well as those without a

reasonable amount of mass in their center.

“Proper spacing and singulation always improves part feeding,” notes Marco Micheletti, automation director at Fresh Consulting.

“Our engineers have found that using a lift or hoist elevator with the bowl feeder helps achieve both goals.”

As they move along the assembly line, parts get handled by automation equipment or a robot. Ideally, the parts will be clean and

repeatable in shape and size when presented to the robot. Debris-covered and multi-shaped parts are never easy to pick up, which

could result in the robot either dropping the part or bypassing it altogether to maintain its preprogrammed cycle time.

“Large parts or products do sometimes require more robot handling time,” says Donlon. “Recently, a large manufacturer customer

noticed that a robot with a vacuum cup often failed to cleanly grab and move plastic packages. Using a high-speed camera

enabled us to determine why this was happening: The cup’s evacuation time was too short. Extending it slightly, from 200

milliseconds to 300 milliseconds, enabled the cup to stay on the package, rather than roll off. Equally important, productivity

wasn’t impacted, staying at 60 parts per minute.”

Machine-guided vision can be a huge advantage for robotic parts handling, according to Donlon. He also says that backlighting is

more reliable than top lighting in a factory environment. Another recommendation he offers engineers is to use parts with durable

surfaces or coatings (like ceramic) that aren’t easily damaged by gripping.

“Too often, engineers rely too much on their equations and calculations when designing parts rather than performing function

testing of the actual parts themselves,” says Briggs. “We saw this happen amongst mechanical engineers for an automotive

manufacturer that needed to design a hydraulic valve. Their calculations showed a 100 percent accurate fitting of pins within the

bushings, and that their insertion required just 350 pounds of force.

“However, testing showed that the pins actually needed 10 times that amount of pressure, 3,500 pounds, to be inserted,”

continues Briggs. “As a result, we had to replace the planned pneumatic actuator with a much larger electric one that cost

$600,000 more. Not surprisingly, the project was one of the first for them in making this type of product.”

In the late 1980s, IBM decided to design its Proprinter for automation. The printer was intended to complement IBM’s growing

personal computer business, according to Meeker.

“What they discovered is that when one designs for automation, one also designs for manufacturability,” notes Meeker. “The

design for automation lead to dramatic reduction in fasteners, assembly time (170 seconds), and parts and subassemblies (32).

The product automation was successful in part because the Proprinter had reached its theoretical minimum part count.”

A Fresh Approach

Since 2019, Fresh Consulting has implemented the use of automation and robots to help its clients with their product

assembly and testing (shown here). Photo courtesy Fresh Consulting

Based in Seattle, Fresh Consulting is a full-service product development company that was founded in 2007. Since 2019, the

company has implemented the use of automation and robots to help its clients with their product assembly and testing. Clients

range from Fortune 500 OEMs, to logistics companies, to small entrepreneur-inventors, and growing mom-and-pop

manufacturers with a niche product they want to assemble with automation.

“Understanding market fundamentals plays a significant role in determining whether or not a company should automate

assembly,” opines Micheletti. “Knowing the product’s intended lifespan and expected production volume are also key factors in

determining the ROI of any automation capital investment.”

When a prospective client meets with Fresh engineers, the client discusses its automation goals and preferred equipment. These

include feeders, conveyors, robots, indexers, motors, vision systems, sensors, gearboxes and PLCs.

“The process that they choose to assemble their parts is always crucial,” says Micheletti. “If they pick the wrong process for a

specific application, they’ll likely pick the wrong equipment, negatively impacting how the parts are fed, handled and joined

together. When the client is committed to using automation, we examine the process in light of their assumptions related to cycle

time, production rate and other factors.

“Together we determine what makes sense for a reasonable ROI, and then we focus on the most opportunistic aspects of the

assembly process to achieve it with automation,” adds Micheletti. “It has happened where the best approach is building a simple

workcell in which a handful of assembly processes take place.”

One example he cites involved the customer transitioning from a simple manual assembly process involving the soldering of two

parts, to an automated workstation where the parts are fed to a location and soldered together. The client was made aware that,

because part tolerances are much tighter in the latter case, so is the margin of error.

“Using automation to join parts does not mean they can simply be shoved into the right spot as needed,” explains Micheletti. “We

believe in smartly designed parts, but not overly designed ones. When precise orientation is needed, a vision or active alignment

system can ensure that only parts in tolerance get processed.”

Micheletti and other design engineers at Fresh do follow DFMA principles—to the degree that each project allows. He cites the

opportunity to use a part for multiple functions in the product design and assembly. Although sometimes it might make sense to

redesign the multifunction part into two parts to simplify production.

“Never automate an assembly process until all the design bugs are worked out for the product and you have the right key

performance indicators in place,” says Micheletti. “All automation steps must work equally well for optimum parts feeding,

handling and assembly. Also be sure to build in as much flexibility as possible.”

Regardless of the client, Micheletti and his designers recommend that it always have a backup plan for automating complex

processes, just in case. He points out that, regardless of how well thought out, designed, engineered and executed each

workstation and assembly process may be, sometimes challenging complex automation processes may not achieve the desired

operational efficiency requirements.

“This plan may entail including extra space in a station for duplicate or additional operations or finding locations for offloading

parts to a manual station,” concludes Micheletti. “It may even mean just starting with a manual process until you encounter any

technical challenges.”
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Circular parts are quite challenging to

feed, with round caps being a little easier

to feed due to their thickness.
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T

hat marketers increasingly use robots and automation equipment in their TV ads should come as no surprise. To them, such

machinery represents the product they’re selling: An automatic and simple push-button solution to the problem consumers are

worried about at that moment.

Unfortunately, they don’t tell viewers how much work goes into designing and building this technologically advanced machinery,

nor do they mention the trial and error that engineers go through to ensure automated equipment accurately and consistently

handles each part during assembly.

“We carefully evaluate the design of each part before we quote the price for building an automated system,” says Mike Briggs,

business unit manager at ATC Automation, an integrator and machine builder since 1977. “The customer provides us with complete

models and specs for the parts, including tolerances, and then we closely collaborate during the project. Our shared goal is getting

the parts to go together accurately and consistently during production.”

Sometimes, though, the process does not go smoothly. Briggs recalls a project ATC undertook with a manufacturer, and repeat

customer, that makes hydraulic motors for lawnmowers and excavators.

“They wanted us to build a single automated assembly line for several different motors, each of which had been built on a manual

production line,” notes Briggs. “After extensive research, we had to tell the company not all motor models could be built on one line.

It required two assembly lines to prevent overloading the line and creating inefficiency.”

The reason for multiple lines, according to Briggs, was that not all motors could use the same housing. As a result, problems arose

when trying to configure all the parts in the same way within different housings. One model became too top heavy, and another

was unable to be properly mounted to the excavator.

“We ended up building a high-volume line for most of the models and a low-volume line for the others,” explains Briggs. “Each line

took 10 to 11 months to build, and utilizes the Bosch TS pallet-transfer system with an elevator on both sides and a return

conveyor underneath.”

Designing parts for automated assembly has always been a challenge for engineers. This is especially true when automating a

process that was previously done manually. What’s easy for a person to do is rarely simple for a robot, which is not blessed with

human sight, touch or dexterity. And, whereas people can compensate for minor irregularities in parts, a robot can only perform

the same programmed routine time and again. If two parts do not fit as expected, the robot cannot finesse them together. It will

simply pass the faulty assembly to the next station.

To maximize the efficiency and reliability of automated assembly systems, engineers must design parts specifically to be handled

and fed by robots, vibratory bowls and other automated equipment. A screw with a cone point or oval point is easier to install with

an automatic driver than a screw with a standard rolled-thread point. Closed-ended springs and washers are easier to feed than

those with open ends. Adding a rib, shoulder or indentation to a plastic part can make a world of difference in how easy it is to

feed and grip. Adding a chamfer to a hole can make inserting a part much easier.

DFMA Still Leads the Way

This graphic illustrates how parts change when designed according to DFMA principles.

The revised parts are on the right. Graphics courtesy Medntechnology.co.uk and Steiner

Technologies

The basic principles of design for manufacture and assembly (DFMA) are a good place to start, regardless of how the product will

be assembled. DFMA is a technique pioneered by University of Massachusetts professor Geoffrey Boothroyd and University of

Manchester professor Peter Dewhurst in the 1980s. It combines DFM (design for manufacturing) and DFA (design for assembly),

and is used throughout the entire product development lifecycle—from concept selection to cost estimating and product

benchmarking.

DFM focuses on minimizing part cost though choosing the best manufacturing process, the optimal material and the best tool for

making the product. DFA emphasizes minimizing the total cost of the product by reducing total part count, assembly time and the

complexity of the assembly process.

“DFMA rules are proven and easy to understand,” says David Meeker, founder of Neoteric Product Development, a consulting firm.

“Rules related to automation-based design techniques, like design for automation, are minimally different, and often apply only to

specific processes like parts feeding.

“In general, nine out of 10 products designed using DFMA can be made just as well manually as with automation, although DFMA

will improve the automated assembly process,” continues Meeker. “It’s really a question of having the necessary labor to make the

products at the desired volume.”

Minimizing parts is the biggest advantage of the DFMA methodology, but other basic tenets must not be overlooked, according to

Meeker. Engineers should design products that require few or no fasteners and no reorientation during assembly. Modular design is

also recommended if making a family of products with feature variations.

Meeker says all disciplines involved with product design and assembly need to be on the same page technique-wise, for a project

to be completed smoothly and on time. He acknowledges the likelihood that the design engineer, equipment suppliers and

integrator may not all follow DFMA to the same degree. In that instance, the goal is to emphasize DFMA at the level possible to

create a successful product.

At ATC, engineers advise customers to incorporate DMFA principles into their designs to optimize part handling. This is important

to do as early as possible in the design stage. A rule of thumb is that 70 to 80 percent of a product’s cost is determined at the

design stage.

“More than anything, the focus of design for automation is making sure that each part is processed as efficiently as possible,” says

Aaron Donlon, product manager at Epson Robots. “This requires the engineer to understand which downstream equipment will

handle the part, as well as when, how and for how long.”

Keep it Moving

DFMA emphasizes the importance and benefits of symmetry in part design. Graphic courtesy Christoph Roser at

AllAboutLean.com

On an automated production line, parts make one or more stops at workstations on their way to being assembled into a final

product. How the parts are initially fed can have a big impact on how smoothly, efficiently and consistently they get assembled

along the way.

“Parts with no tabs or external protrusions at all are the hardest to orient,” claims Greg Pflum, CEO and president of Performance

Feeders Inc. “Parts need to press against each other a bit to create a little backlog for them to be properly conveyed. If this doesn’t

happen, the parts may just overlap and jam the inline, conveyor or gravity track.

“Component material is not the issue, as this guideline applies to plastic and metal parts,” Pflum continues. “Rather, it’s the

geometry and consistency of the parts. Without both, parts can’t be efficiently fed.”

The best parts to feed, according to Pflum, are those with one or more right or parallel angles. This shape makes it easy to convey

or grab the part, regardless of its orientation.

“Circular parts, like washers, can be quite challenging to feed,” says Pflum. “When they are thinner than 0.005 inch, they tend to

stack on top of each other and won’t feed up the feeder bowl. When they are less than 0.03 thick, they are subject to jamming in

the inline.

“Round caps are a little easier to feed due to their thickness, but their feed rate will be different in vibratory and centrifugal

systems,” he continues. “For example, a 1.5-inch-diameter cap can be fed at a rate of 60 to 120 parts per minute in a vibratory

bowl or step feeder, vs. 900 parts per minute in a centrifugal system. Centrifugal feeders are designed more for high-speed

feeding.”

In his experience, Briggs says cylindrical parts are the easiest to feed and convey, especially if they have a small external feature or

two that enhances location by a robot or vision system. Upside-down parts are usually hard to feed, as well as those without a

reasonable amount of mass in their center.

“Proper spacing and singulation always improves part feeding,” notes Marco Micheletti, automation director at Fresh Consulting.

“Our engineers have found that using a lift or hoist elevator with the bowl feeder helps achieve both goals.”

As they move along the assembly line, parts get handled by automation equipment or a robot. Ideally, the parts will be clean and

repeatable in shape and size when presented to the robot. Debris-covered and multi-shaped parts are never easy to pick up, which

could result in the robot either dropping the part or bypassing it altogether to maintain its preprogrammed cycle time.

“Large parts or products do sometimes require more robot handling time,” says Donlon. “Recently, a large manufacturer customer

noticed that a robot with a vacuum cup often failed to cleanly grab and move plastic packages. Using a high-speed camera

enabled us to determine why this was happening: The cup’s evacuation time was too short. Extending it slightly, from 200

milliseconds to 300 milliseconds, enabled the cup to stay on the package, rather than roll off. Equally important, productivity

wasn’t impacted, staying at 60 parts per minute.”

Machine-guided vision can be a huge advantage for robotic parts handling, according to Donlon. He also says that backlighting is

more reliable than top lighting in a factory environment. Another recommendation he offers engineers is to use parts with durable

surfaces or coatings (like ceramic) that aren’t easily damaged by gripping.

“Too often, engineers rely too much on their equations and calculations when designing parts rather than performing function

testing of the actual parts themselves,” says Briggs. “We saw this happen amongst mechanical engineers for an automotive

manufacturer that needed to design a hydraulic valve. Their calculations showed a 100 percent accurate fitting of pins within the

bushings, and that their insertion required just 350 pounds of force.

“However, testing showed that the pins actually needed 10 times that amount of pressure, 3,500 pounds, to be inserted,”

continues Briggs. “As a result, we had to replace the planned pneumatic actuator with a much larger electric one that cost

$600,000 more. Not surprisingly, the project was one of the first for them in making this type of product.”

In the late 1980s, IBM decided to design its Proprinter for automation. The printer was intended to complement IBM’s growing

personal computer business, according to Meeker.

“What they discovered is that when one designs for automation, one also designs for manufacturability,” notes Meeker. “The

design for automation lead to dramatic reduction in fasteners, assembly time (170 seconds), and parts and subassemblies (32).

The product automation was successful in part because the Proprinter had reached its theoretical minimum part count.”

A Fresh Approach

Since 2019, Fresh Consulting has implemented the use of automation and robots to help its clients with their product

assembly and testing (shown here). Photo courtesy Fresh Consulting

Based in Seattle, Fresh Consulting is a full-service product development company that was founded in 2007. Since 2019, the

company has implemented the use of automation and robots to help its clients with their product assembly and testing. Clients

range from Fortune 500 OEMs, to logistics companies, to small entrepreneur-inventors, and growing mom-and-pop

manufacturers with a niche product they want to assemble with automation.

“Understanding market fundamentals plays a significant role in determining whether or not a company should automate

assembly,” opines Micheletti. “Knowing the product’s intended lifespan and expected production volume are also key factors in

determining the ROI of any automation capital investment.”

When a prospective client meets with Fresh engineers, the client discusses its automation goals and preferred equipment. These

include feeders, conveyors, robots, indexers, motors, vision systems, sensors, gearboxes and PLCs.

“The process that they choose to assemble their parts is always crucial,” says Micheletti. “If they pick the wrong process for a

specific application, they’ll likely pick the wrong equipment, negatively impacting how the parts are fed, handled and joined

together. When the client is committed to using automation, we examine the process in light of their assumptions related to cycle

time, production rate and other factors.

“Together we determine what makes sense for a reasonable ROI, and then we focus on the most opportunistic aspects of the

assembly process to achieve it with automation,” adds Micheletti. “It has happened where the best approach is building a simple

workcell in which a handful of assembly processes take place.”

One example he cites involved the customer transitioning from a simple manual assembly process involving the soldering of two

parts, to an automated workstation where the parts are fed to a location and soldered together. The client was made aware that,

because part tolerances are much tighter in the latter case, so is the margin of error.

“Using automation to join parts does not mean they can simply be shoved into the right spot as needed,” explains Micheletti. “We

believe in smartly designed parts, but not overly designed ones. When precise orientation is needed, a vision or active alignment

system can ensure that only parts in tolerance get processed.”

Micheletti and other design engineers at Fresh do follow DFMA principles—to the degree that each project allows. He cites the

opportunity to use a part for multiple functions in the product design and assembly. Although sometimes it might make sense to

redesign the multifunction part into two parts to simplify production.

“Never automate an assembly process until all the design bugs are worked out for the product and you have the right key

performance indicators in place,” says Micheletti. “All automation steps must work equally well for optimum parts feeding,

handling and assembly. Also be sure to build in as much flexibility as possible.”

Regardless of the client, Micheletti and his designers recommend that it always have a backup plan for automating complex

processes, just in case. He points out that, regardless of how well thought out, designed, engineered and executed each

workstation and assembly process may be, sometimes challenging complex automation processes may not achieve the desired

operational efficiency requirements.

“This plan may entail including extra space in a station for duplicate or additional operations or finding locations for offloading

parts to a manual station,” concludes Micheletti. “It may even mean just starting with a manual process until you encounter any

technical challenges.”
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should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.

Photo courtesy Bosch �e�roth

Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.

Photo courtesy �nu�a �nc 

“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Design for assembly principles

can improve e�ciency for

manual or automated assembly.

Designing Parts
for Automation

Circular parts are quite challenging to

feed, with round caps being a little easier

to feed due to their thickness.
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T

hat marketers increasingly use robots and automation equipment in their TV ads should come as no surprise. To them, such

machinery represents the product they’re selling: An automatic and simple push-button solution to the problem consumers are

worried about at that moment.

Unfortunately, they don’t tell viewers how much work goes into designing and building this technologically advanced machinery,

nor do they mention the trial and error that engineers go through to ensure automated equipment accurately and consistently

handles each part during assembly.

“We carefully evaluate the design of each part before we quote the price for building an automated system,” says Mike Briggs,

business unit manager at ATC Automation, an integrator and machine builder since 1977. “The customer provides us with complete

models and specs for the parts, including tolerances, and then we closely collaborate during the project. Our shared goal is getting

the parts to go together accurately and consistently during production.”

Sometimes, though, the process does not go smoothly. Briggs recalls a project ATC undertook with a manufacturer, and repeat

customer, that makes hydraulic motors for lawnmowers and excavators.

“They wanted us to build a single automated assembly line for several different motors, each of which had been built on a manual

production line,” notes Briggs. “After extensive research, we had to tell the company not all motor models could be built on one line.

It required two assembly lines to prevent overloading the line and creating inefficiency.”

The reason for multiple lines, according to Briggs, was that not all motors could use the same housing. As a result, problems arose

when trying to configure all the parts in the same way within different housings. One model became too top heavy, and another

was unable to be properly mounted to the excavator.

“We ended up building a high-volume line for most of the models and a low-volume line for the others,” explains Briggs. “Each line

took 10 to 11 months to build, and utilizes the Bosch TS pallet-transfer system with an elevator on both sides and a return

conveyor underneath.”

Designing parts for automated assembly has always been a challenge for engineers. This is especially true when automating a

process that was previously done manually. What’s easy for a person to do is rarely simple for a robot, which is not blessed with

human sight, touch or dexterity. And, whereas people can compensate for minor irregularities in parts, a robot can only perform

the same programmed routine time and again. If two parts do not fit as expected, the robot cannot finesse them together. It will

simply pass the faulty assembly to the next station.

To maximize the efficiency and reliability of automated assembly systems, engineers must design parts specifically to be handled

and fed by robots, vibratory bowls and other automated equipment. A screw with a cone point or oval point is easier to install with

an automatic driver than a screw with a standard rolled-thread point. Closed-ended springs and washers are easier to feed than

those with open ends. Adding a rib, shoulder or indentation to a plastic part can make a world of difference in how easy it is to

feed and grip. Adding a chamfer to a hole can make inserting a part much easier.

DFMA Still Leads the Way

This graphic illustrates how parts change when designed according to DFMA principles.

The revised parts are on the right. Graphics courtesy Medntechnology.co.uk and Steiner

Technologies

The basic principles of design for manufacture and assembly (DFMA) are a good place to start, regardless of how the product will

be assembled. DFMA is a technique pioneered by University of Massachusetts professor Geoffrey Boothroyd and University of

Manchester professor Peter Dewhurst in the 1980s. It combines DFM (design for manufacturing) and DFA (design for assembly),

and is used throughout the entire product development lifecycle—from concept selection to cost estimating and product

benchmarking.

DFM focuses on minimizing part cost though choosing the best manufacturing process, the optimal material and the best tool for

making the product. DFA emphasizes minimizing the total cost of the product by reducing total part count, assembly time and the

complexity of the assembly process.

“DFMA rules are proven and easy to understand,” says David Meeker, founder of Neoteric Product Development, a consulting firm.

“Rules related to automation-based design techniques, like design for automation, are minimally different, and often apply only to

specific processes like parts feeding.

“In general, nine out of 10 products designed using DFMA can be made just as well manually as with automation, although DFMA

will improve the automated assembly process,” continues Meeker. “It’s really a question of having the necessary labor to make the

products at the desired volume.”

Minimizing parts is the biggest advantage of the DFMA methodology, but other basic tenets must not be overlooked, according to

Meeker. Engineers should design products that require few or no fasteners and no reorientation during assembly. Modular design is

also recommended if making a family of products with feature variations.

Meeker says all disciplines involved with product design and assembly need to be on the same page technique-wise, for a project

to be completed smoothly and on time. He acknowledges the likelihood that the design engineer, equipment suppliers and

integrator may not all follow DFMA to the same degree. In that instance, the goal is to emphasize DFMA at the level possible to

create a successful product.

At ATC, engineers advise customers to incorporate DMFA principles into their designs to optimize part handling. This is important

to do as early as possible in the design stage. A rule of thumb is that 70 to 80 percent of a product’s cost is determined at the

design stage.

“More than anything, the focus of design for automation is making sure that each part is processed as efficiently as possible,” says

Aaron Donlon, product manager at Epson Robots. “This requires the engineer to understand which downstream equipment will

handle the part, as well as when, how and for how long.”

Keep it Moving

DFMA emphasizes the importance and benefits of symmetry in part design. Graphic courtesy Christoph Roser at

AllAboutLean.com

On an automated production line, parts make one or more stops at workstations on their way to being assembled into a final

product. How the parts are initially fed can have a big impact on how smoothly, efficiently and consistently they get assembled

along the way.

“Parts with no tabs or external protrusions at all are the hardest to orient,” claims Greg Pflum, CEO and president of Performance

Feeders Inc. “Parts need to press against each other a bit to create a little backlog for them to be properly conveyed. If this doesn’t

happen, the parts may just overlap and jam the inline, conveyor or gravity track.

“Component material is not the issue, as this guideline applies to plastic and metal parts,” Pflum continues. “Rather, it’s the

geometry and consistency of the parts. Without both, parts can’t be efficiently fed.”

The best parts to feed, according to Pflum, are those with one or more right or parallel angles. This shape makes it easy to convey

or grab the part, regardless of its orientation.

“Circular parts, like washers, can be quite challenging to feed,” says Pflum. “When they are thinner than 0.005 inch, they tend to

stack on top of each other and won’t feed up the feeder bowl. When they are less than 0.03 thick, they are subject to jamming in

the inline.

“Round caps are a little easier to feed due to their thickness, but their feed rate will be different in vibratory and centrifugal

systems,” he continues. “For example, a 1.5-inch-diameter cap can be fed at a rate of 60 to 120 parts per minute in a vibratory

bowl or step feeder, vs. 900 parts per minute in a centrifugal system. Centrifugal feeders are designed more for high-speed

feeding.”

In his experience, Briggs says cylindrical parts are the easiest to feed and convey, especially if they have a small external feature or

two that enhances location by a robot or vision system. Upside-down parts are usually hard to feed, as well as those without a

reasonable amount of mass in their center.

“Proper spacing and singulation always improves part feeding,” notes Marco Micheletti, automation director at Fresh Consulting.

“Our engineers have found that using a lift or hoist elevator with the bowl feeder helps achieve both goals.”

As they move along the assembly line, parts get handled by automation equipment or a robot. Ideally, the parts will be clean and

repeatable in shape and size when presented to the robot. Debris-covered and multi-shaped parts are never easy to pick up, which

could result in the robot either dropping the part or bypassing it altogether to maintain its preprogrammed cycle time.

“Large parts or products do sometimes require more robot handling time,” says Donlon. “Recently, a large manufacturer customer

noticed that a robot with a vacuum cup often failed to cleanly grab and move plastic packages. Using a high-speed camera

enabled us to determine why this was happening: The cup’s evacuation time was too short. Extending it slightly, from 200

milliseconds to 300 milliseconds, enabled the cup to stay on the package, rather than roll off. Equally important, productivity

wasn’t impacted, staying at 60 parts per minute.”

Machine-guided vision can be a huge advantage for robotic parts handling, according to Donlon. He also says that backlighting is

more reliable than top lighting in a factory environment. Another recommendation he offers engineers is to use parts with durable

surfaces or coatings (like ceramic) that aren’t easily damaged by gripping.

“Too often, engineers rely too much on their equations and calculations when designing parts rather than performing function

testing of the actual parts themselves,” says Briggs. “We saw this happen amongst mechanical engineers for an automotive

manufacturer that needed to design a hydraulic valve. Their calculations showed a 100 percent accurate fitting of pins within the

bushings, and that their insertion required just 350 pounds of force.

“However, testing showed that the pins actually needed 10 times that amount of pressure, 3,500 pounds, to be inserted,”

continues Briggs. “As a result, we had to replace the planned pneumatic actuator with a much larger electric one that cost

$600,000 more. Not surprisingly, the project was one of the first for them in making this type of product.”

In the late 1980s, IBM decided to design its Proprinter for automation. The printer was intended to complement IBM’s growing

personal computer business, according to Meeker.

“What they discovered is that when one designs for automation, one also designs for manufacturability,” notes Meeker. “The

design for automation lead to dramatic reduction in fasteners, assembly time (170 seconds), and parts and subassemblies (32).

The product automation was successful in part because the Proprinter had reached its theoretical minimum part count.”

A Fresh Approach

Since 2019, Fresh Consulting has implemented the use of automation and robots to help its clients with their product

assembly and testing (shown here). Photo courtesy Fresh Consulting

Based in Seattle, Fresh Consulting is a full-service product development company that was founded in 2007. Since 2019, the

company has implemented the use of automation and robots to help its clients with their product assembly and testing. Clients

range from Fortune 500 OEMs, to logistics companies, to small entrepreneur-inventors, and growing mom-and-pop

manufacturers with a niche product they want to assemble with automation.

“Understanding market fundamentals plays a significant role in determining whether or not a company should automate

assembly,” opines Micheletti. “Knowing the product’s intended lifespan and expected production volume are also key factors in

determining the ROI of any automation capital investment.”

When a prospective client meets with Fresh engineers, the client discusses its automation goals and preferred equipment. These

include feeders, conveyors, robots, indexers, motors, vision systems, sensors, gearboxes and PLCs.

“The process that they choose to assemble their parts is always crucial,” says Micheletti. “If they pick the wrong process for a

specific application, they’ll likely pick the wrong equipment, negatively impacting how the parts are fed, handled and joined

together. When the client is committed to using automation, we examine the process in light of their assumptions related to cycle

time, production rate and other factors.

“Together we determine what makes sense for a reasonable ROI, and then we focus on the most opportunistic aspects of the

assembly process to achieve it with automation,” adds Micheletti. “It has happened where the best approach is building a simple

workcell in which a handful of assembly processes take place.”

One example he cites involved the customer transitioning from a simple manual assembly process involving the soldering of two

parts, to an automated workstation where the parts are fed to a location and soldered together. The client was made aware that,

because part tolerances are much tighter in the latter case, so is the margin of error.

“Using automation to join parts does not mean they can simply be shoved into the right spot as needed,” explains Micheletti. “We

believe in smartly designed parts, but not overly designed ones. When precise orientation is needed, a vision or active alignment

system can ensure that only parts in tolerance get processed.”

Micheletti and other design engineers at Fresh do follow DFMA principles—to the degree that each project allows. He cites the

opportunity to use a part for multiple functions in the product design and assembly. Although sometimes it might make sense to

redesign the multifunction part into two parts to simplify production.

“Never automate an assembly process until all the design bugs are worked out for the product and you have the right key

performance indicators in place,” says Micheletti. “All automation steps must work equally well for optimum parts feeding,

handling and assembly. Also be sure to build in as much flexibility as possible.”

Regardless of the client, Micheletti and his designers recommend that it always have a backup plan for automating complex

processes, just in case. He points out that, regardless of how well thought out, designed, engineered and executed each

workstation and assembly process may be, sometimes challenging complex automation processes may not achieve the desired

operational efficiency requirements.

“This plan may entail including extra space in a station for duplicate or additional operations or finding locations for offloading

parts to a manual station,” concludes Micheletti. “It may even mean just starting with a manual process until you encounter any

technical challenges.”
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achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.

Photo courtesy �or�aspace

A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.

Photo courtesy ���ison 	rans�ission

Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Design for assembly principles

can improve e�ciency for

manual or automated assembly.

Designing Parts
for Automation

Circular parts are quite challenging to

feed, with round caps being a little easier

to feed due to their thickness.

Photo courtesy Performance Feeders Inc.

T

hat marketers increasingly use robots and automation equipment in their TV ads should come as no surprise. To them, such

machinery represents the product they’re selling: An automatic and simple push-button solution to the problem consumers are

worried about at that moment.

Unfortunately, they don’t tell viewers how much work goes into designing and building this technologically advanced machinery,

nor do they mention the trial and error that engineers go through to ensure automated equipment accurately and consistently

handles each part during assembly.

“We carefully evaluate the design of each part before we quote the price for building an automated system,” says Mike Briggs,

business unit manager at ATC Automation, an integrator and machine builder since 1977. “The customer provides us with complete

models and specs for the parts, including tolerances, and then we closely collaborate during the project. Our shared goal is getting

the parts to go together accurately and consistently during production.”

Sometimes, though, the process does not go smoothly. Briggs recalls a project ATC undertook with a manufacturer, and repeat

customer, that makes hydraulic motors for lawnmowers and excavators.

“They wanted us to build a single automated assembly line for several different motors, each of which had been built on a manual

production line,” notes Briggs. “After extensive research, we had to tell the company not all motor models could be built on one line.

It required two assembly lines to prevent overloading the line and creating inefficiency.”

The reason for multiple lines, according to Briggs, was that not all motors could use the same housing. As a result, problems arose

when trying to configure all the parts in the same way within different housings. One model became too top heavy, and another

was unable to be properly mounted to the excavator.

“We ended up building a high-volume line for most of the models and a low-volume line for the others,” explains Briggs. “Each line

took 10 to 11 months to build, and utilizes the Bosch TS pallet-transfer system with an elevator on both sides and a return

conveyor underneath.”

Designing parts for automated assembly has always been a challenge for engineers. This is especially true when automating a

process that was previously done manually. What’s easy for a person to do is rarely simple for a robot, which is not blessed with

human sight, touch or dexterity. And, whereas people can compensate for minor irregularities in parts, a robot can only perform

the same programmed routine time and again. If two parts do not fit as expected, the robot cannot finesse them together. It will

simply pass the faulty assembly to the next station.

To maximize the efficiency and reliability of automated assembly systems, engineers must design parts specifically to be handled

and fed by robots, vibratory bowls and other automated equipment. A screw with a cone point or oval point is easier to install with

an automatic driver than a screw with a standard rolled-thread point. Closed-ended springs and washers are easier to feed than

those with open ends. Adding a rib, shoulder or indentation to a plastic part can make a world of difference in how easy it is to

feed and grip. Adding a chamfer to a hole can make inserting a part much easier.

DFMA Still Leads the Way

This graphic illustrates how parts change when designed according to DFMA principles.

The revised parts are on the right. Graphics courtesy Medntechnology.co.uk and Steiner

Technologies

The basic principles of design for manufacture and assembly (DFMA) are a good place to start, regardless of how the product will

be assembled. DFMA is a technique pioneered by University of Massachusetts professor Geoffrey Boothroyd and University of

Manchester professor Peter Dewhurst in the 1980s. It combines DFM (design for manufacturing) and DFA (design for assembly),

and is used throughout the entire product development lifecycle—from concept selection to cost estimating and product

benchmarking.

DFM focuses on minimizing part cost though choosing the best manufacturing process, the optimal material and the best tool for

making the product. DFA emphasizes minimizing the total cost of the product by reducing total part count, assembly time and the

complexity of the assembly process.

“DFMA rules are proven and easy to understand,” says David Meeker, founder of Neoteric Product Development, a consulting firm.

“Rules related to automation-based design techniques, like design for automation, are minimally different, and often apply only to

specific processes like parts feeding.

“In general, nine out of 10 products designed using DFMA can be made just as well manually as with automation, although DFMA

will improve the automated assembly process,” continues Meeker. “It’s really a question of having the necessary labor to make the

products at the desired volume.”

Minimizing parts is the biggest advantage of the DFMA methodology, but other basic tenets must not be overlooked, according to

Meeker. Engineers should design products that require few or no fasteners and no reorientation during assembly. Modular design is

also recommended if making a family of products with feature variations.

Meeker says all disciplines involved with product design and assembly need to be on the same page technique-wise, for a project

to be completed smoothly and on time. He acknowledges the likelihood that the design engineer, equipment suppliers and

integrator may not all follow DFMA to the same degree. In that instance, the goal is to emphasize DFMA at the level possible to

create a successful product.

At ATC, engineers advise customers to incorporate DMFA principles into their designs to optimize part handling. This is important

to do as early as possible in the design stage. A rule of thumb is that 70 to 80 percent of a product’s cost is determined at the

design stage.

“More than anything, the focus of design for automation is making sure that each part is processed as efficiently as possible,” says

Aaron Donlon, product manager at Epson Robots. “This requires the engineer to understand which downstream equipment will

handle the part, as well as when, how and for how long.”

Keep it Moving

DFMA emphasizes the importance and benefits of symmetry in part design. Graphic courtesy Christoph Roser at

AllAboutLean.com

On an automated production line, parts make one or more stops at workstations on their way to being assembled into a final

product. How the parts are initially fed can have a big impact on how smoothly, efficiently and consistently they get assembled

along the way.

“Parts with no tabs or external protrusions at all are the hardest to orient,” claims Greg Pflum, CEO and president of Performance

Feeders Inc. “Parts need to press against each other a bit to create a little backlog for them to be properly conveyed. If this doesn’t

happen, the parts may just overlap and jam the inline, conveyor or gravity track.

“Component material is not the issue, as this guideline applies to plastic and metal parts,” Pflum continues. “Rather, it’s the

geometry and consistency of the parts. Without both, parts can’t be efficiently fed.”

The best parts to feed, according to Pflum, are those with one or more right or parallel angles. This shape makes it easy to convey

or grab the part, regardless of its orientation.

“Circular parts, like washers, can be quite challenging to feed,” says Pflum. “When they are thinner than 0.005 inch, they tend to

stack on top of each other and won’t feed up the feeder bowl. When they are less than 0.03 thick, they are subject to jamming in

the inline.

“Round caps are a little easier to feed due to their thickness, but their feed rate will be different in vibratory and centrifugal

systems,” he continues. “For example, a 1.5-inch-diameter cap can be fed at a rate of 60 to 120 parts per minute in a vibratory

bowl or step feeder, vs. 900 parts per minute in a centrifugal system. Centrifugal feeders are designed more for high-speed

feeding.”

In his experience, Briggs says cylindrical parts are the easiest to feed and convey, especially if they have a small external feature or

two that enhances location by a robot or vision system. Upside-down parts are usually hard to feed, as well as those without a

reasonable amount of mass in their center.

“Proper spacing and singulation always improves part feeding,” notes Marco Micheletti, automation director at Fresh Consulting.

“Our engineers have found that using a lift or hoist elevator with the bowl feeder helps achieve both goals.”

As they move along the assembly line, parts get handled by automation equipment or a robot. Ideally, the parts will be clean and

repeatable in shape and size when presented to the robot. Debris-covered and multi-shaped parts are never easy to pick up, which

could result in the robot either dropping the part or bypassing it altogether to maintain its preprogrammed cycle time.

“Large parts or products do sometimes require more robot handling time,” says Donlon. “Recently, a large manufacturer customer

noticed that a robot with a vacuum cup often failed to cleanly grab and move plastic packages. Using a high-speed camera

enabled us to determine why this was happening: The cup’s evacuation time was too short. Extending it slightly, from 200

milliseconds to 300 milliseconds, enabled the cup to stay on the package, rather than roll off. Equally important, productivity

wasn’t impacted, staying at 60 parts per minute.”

Machine-guided vision can be a huge advantage for robotic parts handling, according to Donlon. He also says that backlighting is

more reliable than top lighting in a factory environment. Another recommendation he offers engineers is to use parts with durable

surfaces or coatings (like ceramic) that aren’t easily damaged by gripping.

“Too often, engineers rely too much on their equations and calculations when designing parts rather than performing function

testing of the actual parts themselves,” says Briggs. “We saw this happen amongst mechanical engineers for an automotive

manufacturer that needed to design a hydraulic valve. Their calculations showed a 100 percent accurate fitting of pins within the

bushings, and that their insertion required just 350 pounds of force.

“However, testing showed that the pins actually needed 10 times that amount of pressure, 3,500 pounds, to be inserted,”

continues Briggs. “As a result, we had to replace the planned pneumatic actuator with a much larger electric one that cost

$600,000 more. Not surprisingly, the project was one of the first for them in making this type of product.”

In the late 1980s, IBM decided to design its Proprinter for automation. The printer was intended to complement IBM’s growing

personal computer business, according to Meeker.

“What they discovered is that when one designs for automation, one also designs for manufacturability,” notes Meeker. “The

design for automation lead to dramatic reduction in fasteners, assembly time (170 seconds), and parts and subassemblies (32).

The product automation was successful in part because the Proprinter had reached its theoretical minimum part count.”

A Fresh Approach

Since 2019, Fresh Consulting has implemented the use of automation and robots to help its clients with their product

assembly and testing (shown here). Photo courtesy Fresh Consulting

Based in Seattle, Fresh Consulting is a full-service product development company that was founded in 2007. Since 2019, the

company has implemented the use of automation and robots to help its clients with their product assembly and testing. Clients

range from Fortune 500 OEMs, to logistics companies, to small entrepreneur-inventors, and growing mom-and-pop

manufacturers with a niche product they want to assemble with automation.

“Understanding market fundamentals plays a significant role in determining whether or not a company should automate

assembly,” opines Micheletti. “Knowing the product’s intended lifespan and expected production volume are also key factors in

determining the ROI of any automation capital investment.”

When a prospective client meets with Fresh engineers, the client discusses its automation goals and preferred equipment. These

include feeders, conveyors, robots, indexers, motors, vision systems, sensors, gearboxes and PLCs.

“The process that they choose to assemble their parts is always crucial,” says Micheletti. “If they pick the wrong process for a

specific application, they’ll likely pick the wrong equipment, negatively impacting how the parts are fed, handled and joined

together. When the client is committed to using automation, we examine the process in light of their assumptions related to cycle

time, production rate and other factors.

“Together we determine what makes sense for a reasonable ROI, and then we focus on the most opportunistic aspects of the

assembly process to achieve it with automation,” adds Micheletti. “It has happened where the best approach is building a simple

workcell in which a handful of assembly processes take place.”

One example he cites involved the customer transitioning from a simple manual assembly process involving the soldering of two

parts, to an automated workstation where the parts are fed to a location and soldered together. The client was made aware that,

because part tolerances are much tighter in the latter case, so is the margin of error.

“Using automation to join parts does not mean they can simply be shoved into the right spot as needed,” explains Micheletti. “We

believe in smartly designed parts, but not overly designed ones. When precise orientation is needed, a vision or active alignment

system can ensure that only parts in tolerance get processed.”

Micheletti and other design engineers at Fresh do follow DFMA principles—to the degree that each project allows. He cites the

opportunity to use a part for multiple functions in the product design and assembly. Although sometimes it might make sense to

redesign the multifunction part into two parts to simplify production.

“Never automate an assembly process until all the design bugs are worked out for the product and you have the right key

performance indicators in place,” says Micheletti. “All automation steps must work equally well for optimum parts feeding,

handling and assembly. Also be sure to build in as much flexibility as possible.”

Regardless of the client, Micheletti and his designers recommend that it always have a backup plan for automating complex

processes, just in case. He points out that, regardless of how well thought out, designed, engineered and executed each

workstation and assembly process may be, sometimes challenging complex automation processes may not achieve the desired

operational efficiency requirements.

“This plan may entail including extra space in a station for duplicate or additional operations or finding locations for offloading

parts to a manual station,” concludes Micheletti. “It may even mean just starting with a manual process until you encounter any

technical challenges.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.

Photo courtesy Behr Group

P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.

Photo courtesy Bosch �e�roth

Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.

Photo courtesy �ord �otor �o 

“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Designing Parts
for Automation

Circular parts are quite challenging to

feed, with round caps being a little easier

to feed due to their thickness.
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T

hat marketers increasingly use robots and automation equipment in their TV ads should come as no surprise. To them, such

machinery represents the product they’re selling: An automatic and simple push-button solution to the problem consumers are

worried about at that moment.

Unfortunately, they don’t tell viewers how much work goes into designing and building this technologically advanced machinery,

nor do they mention the trial and error that engineers go through to ensure automated equipment accurately and consistently

handles each part during assembly.

“We carefully evaluate the design of each part before we quote the price for building an automated system,” says Mike Briggs,

business unit manager at ATC Automation, an integrator and machine builder since 1977. “The customer provides us with complete

models and specs for the parts, including tolerances, and then we closely collaborate during the project. Our shared goal is getting

the parts to go together accurately and consistently during production.”

Sometimes, though, the process does not go smoothly. Briggs recalls a project ATC undertook with a manufacturer, and repeat

customer, that makes hydraulic motors for lawnmowers and excavators.

“They wanted us to build a single automated assembly line for several different motors, each of which had been built on a manual

production line,” notes Briggs. “After extensive research, we had to tell the company not all motor models could be built on one line.

It required two assembly lines to prevent overloading the line and creating inefficiency.”

The reason for multiple lines, according to Briggs, was that not all motors could use the same housing. As a result, problems arose

when trying to configure all the parts in the same way within different housings. One model became too top heavy, and another

was unable to be properly mounted to the excavator.

“We ended up building a high-volume line for most of the models and a low-volume line for the others,” explains Briggs. “Each line

took 10 to 11 months to build, and utilizes the Bosch TS pallet-transfer system with an elevator on both sides and a return

conveyor underneath.”

Designing parts for automated assembly has always been a challenge for engineers. This is especially true when automating a

process that was previously done manually. What’s easy for a person to do is rarely simple for a robot, which is not blessed with

human sight, touch or dexterity. And, whereas people can compensate for minor irregularities in parts, a robot can only perform

the same programmed routine time and again. If two parts do not fit as expected, the robot cannot finesse them together. It will

simply pass the faulty assembly to the next station.

To maximize the efficiency and reliability of automated assembly systems, engineers must design parts specifically to be handled

and fed by robots, vibratory bowls and other automated equipment. A screw with a cone point or oval point is easier to install with

an automatic driver than a screw with a standard rolled-thread point. Closed-ended springs and washers are easier to feed than

those with open ends. Adding a rib, shoulder or indentation to a plastic part can make a world of difference in how easy it is to

feed and grip. Adding a chamfer to a hole can make inserting a part much easier.

DFMA Still Leads the Way

This graphic illustrates how parts change when designed according to DFMA principles.

The revised parts are on the right. Graphics courtesy Medntechnology.co.uk and Steiner

Technologies

The basic principles of design for manufacture and assembly (DFMA) are a good place to start, regardless of how the product will

be assembled. DFMA is a technique pioneered by University of Massachusetts professor Geoffrey Boothroyd and University of

Manchester professor Peter Dewhurst in the 1980s. It combines DFM (design for manufacturing) and DFA (design for assembly),

and is used throughout the entire product development lifecycle—from concept selection to cost estimating and product

benchmarking.

DFM focuses on minimizing part cost though choosing the best manufacturing process, the optimal material and the best tool for

making the product. DFA emphasizes minimizing the total cost of the product by reducing total part count, assembly time and the

complexity of the assembly process.

“DFMA rules are proven and easy to understand,” says David Meeker, founder of Neoteric Product Development, a consulting firm.

“Rules related to automation-based design techniques, like design for automation, are minimally different, and often apply only to

specific processes like parts feeding.

“In general, nine out of 10 products designed using DFMA can be made just as well manually as with automation, although DFMA

will improve the automated assembly process,” continues Meeker. “It’s really a question of having the necessary labor to make the

products at the desired volume.”

Minimizing parts is the biggest advantage of the DFMA methodology, but other basic tenets must not be overlooked, according to

Meeker. Engineers should design products that require few or no fasteners and no reorientation during assembly. Modular design is

also recommended if making a family of products with feature variations.

Meeker says all disciplines involved with product design and assembly need to be on the same page technique-wise, for a project

to be completed smoothly and on time. He acknowledges the likelihood that the design engineer, equipment suppliers and

integrator may not all follow DFMA to the same degree. In that instance, the goal is to emphasize DFMA at the level possible to

create a successful product.

At ATC, engineers advise customers to incorporate DMFA principles into their designs to optimize part handling. This is important

to do as early as possible in the design stage. A rule of thumb is that 70 to 80 percent of a product’s cost is determined at the

design stage.

“More than anything, the focus of design for automation is making sure that each part is processed as efficiently as possible,” says

Aaron Donlon, product manager at Epson Robots. “This requires the engineer to understand which downstream equipment will

handle the part, as well as when, how and for how long.”

Keep it Moving

DFMA emphasizes the importance and benefits of symmetry in part design. Graphic courtesy Christoph Roser at

AllAboutLean.com

On an automated production line, parts make one or more stops at workstations on their way to being assembled into a final

product. How the parts are initially fed can have a big impact on how smoothly, efficiently and consistently they get assembled

along the way.

“Parts with no tabs or external protrusions at all are the hardest to orient,” claims Greg Pflum, CEO and president of Performance

Feeders Inc. “Parts need to press against each other a bit to create a little backlog for them to be properly conveyed. If this doesn’t

happen, the parts may just overlap and jam the inline, conveyor or gravity track.

“Component material is not the issue, as this guideline applies to plastic and metal parts,” Pflum continues. “Rather, it’s the

geometry and consistency of the parts. Without both, parts can’t be efficiently fed.”

The best parts to feed, according to Pflum, are those with one or more right or parallel angles. This shape makes it easy to convey

or grab the part, regardless of its orientation.

“Circular parts, like washers, can be quite challenging to feed,” says Pflum. “When they are thinner than 0.005 inch, they tend to

stack on top of each other and won’t feed up the feeder bowl. When they are less than 0.03 thick, they are subject to jamming in

the inline.

“Round caps are a little easier to feed due to their thickness, but their feed rate will be different in vibratory and centrifugal

systems,” he continues. “For example, a 1.5-inch-diameter cap can be fed at a rate of 60 to 120 parts per minute in a vibratory

bowl or step feeder, vs. 900 parts per minute in a centrifugal system. Centrifugal feeders are designed more for high-speed

feeding.”

In his experience, Briggs says cylindrical parts are the easiest to feed and convey, especially if they have a small external feature or

two that enhances location by a robot or vision system. Upside-down parts are usually hard to feed, as well as those without a

reasonable amount of mass in their center.

“Proper spacing and singulation always improves part feeding,” notes Marco Micheletti, automation director at Fresh Consulting.

“Our engineers have found that using a lift or hoist elevator with the bowl feeder helps achieve both goals.”

As they move along the assembly line, parts get handled by automation equipment or a robot. Ideally, the parts will be clean and

repeatable in shape and size when presented to the robot. Debris-covered and multi-shaped parts are never easy to pick up, which

could result in the robot either dropping the part or bypassing it altogether to maintain its preprogrammed cycle time.

“Large parts or products do sometimes require more robot handling time,” says Donlon. “Recently, a large manufacturer customer

noticed that a robot with a vacuum cup often failed to cleanly grab and move plastic packages. Using a high-speed camera

enabled us to determine why this was happening: The cup’s evacuation time was too short. Extending it slightly, from 200

milliseconds to 300 milliseconds, enabled the cup to stay on the package, rather than roll off. Equally important, productivity

wasn’t impacted, staying at 60 parts per minute.”

Machine-guided vision can be a huge advantage for robotic parts handling, according to Donlon. He also says that backlighting is

more reliable than top lighting in a factory environment. Another recommendation he offers engineers is to use parts with durable

surfaces or coatings (like ceramic) that aren’t easily damaged by gripping.

“Too often, engineers rely too much on their equations and calculations when designing parts rather than performing function

testing of the actual parts themselves,” says Briggs. “We saw this happen amongst mechanical engineers for an automotive

manufacturer that needed to design a hydraulic valve. Their calculations showed a 100 percent accurate fitting of pins within the

bushings, and that their insertion required just 350 pounds of force.

“However, testing showed that the pins actually needed 10 times that amount of pressure, 3,500 pounds, to be inserted,”

continues Briggs. “As a result, we had to replace the planned pneumatic actuator with a much larger electric one that cost

$600,000 more. Not surprisingly, the project was one of the first for them in making this type of product.”

In the late 1980s, IBM decided to design its Proprinter for automation. The printer was intended to complement IBM’s growing

personal computer business, according to Meeker.

“What they discovered is that when one designs for automation, one also designs for manufacturability,” notes Meeker. “The

design for automation lead to dramatic reduction in fasteners, assembly time (170 seconds), and parts and subassemblies (32).

The product automation was successful in part because the Proprinter had reached its theoretical minimum part count.”

A Fresh Approach

Since 2019, Fresh Consulting has implemented the use of automation and robots to help its clients with their product

assembly and testing (shown here). Photo courtesy Fresh Consulting

Based in Seattle, Fresh Consulting is a full-service product development company that was founded in 2007. Since 2019, the

company has implemented the use of automation and robots to help its clients with their product assembly and testing. Clients

range from Fortune 500 OEMs, to logistics companies, to small entrepreneur-inventors, and growing mom-and-pop

manufacturers with a niche product they want to assemble with automation.

“Understanding market fundamentals plays a significant role in determining whether or not a company should automate

assembly,” opines Micheletti. “Knowing the product’s intended lifespan and expected production volume are also key factors in

determining the ROI of any automation capital investment.”

When a prospective client meets with Fresh engineers, the client discusses its automation goals and preferred equipment. These

include feeders, conveyors, robots, indexers, motors, vision systems, sensors, gearboxes and PLCs.

“The process that they choose to assemble their parts is always crucial,” says Micheletti. “If they pick the wrong process for a

specific application, they’ll likely pick the wrong equipment, negatively impacting how the parts are fed, handled and joined

together. When the client is committed to using automation, we examine the process in light of their assumptions related to cycle

time, production rate and other factors.

“Together we determine what makes sense for a reasonable ROI, and then we focus on the most opportunistic aspects of the

assembly process to achieve it with automation,” adds Micheletti. “It has happened where the best approach is building a simple

workcell in which a handful of assembly processes take place.”

One example he cites involved the customer transitioning from a simple manual assembly process involving the soldering of two

parts, to an automated workstation where the parts are fed to a location and soldered together. The client was made aware that,

because part tolerances are much tighter in the latter case, so is the margin of error.

“Using automation to join parts does not mean they can simply be shoved into the right spot as needed,” explains Micheletti. “We

believe in smartly designed parts, but not overly designed ones. When precise orientation is needed, a vision or active alignment

system can ensure that only parts in tolerance get processed.”

Micheletti and other design engineers at Fresh do follow DFMA principles—to the degree that each project allows. He cites the

opportunity to use a part for multiple functions in the product design and assembly. Although sometimes it might make sense to

redesign the multifunction part into two parts to simplify production.

“Never automate an assembly process until all the design bugs are worked out for the product and you have the right key

performance indicators in place,” says Micheletti. “All automation steps must work equally well for optimum parts feeding,

handling and assembly. Also be sure to build in as much flexibility as possible.”

Regardless of the client, Micheletti and his designers recommend that it always have a backup plan for automating complex

processes, just in case. He points out that, regardless of how well thought out, designed, engineered and executed each

workstation and assembly process may be, sometimes challenging complex automation processes may not achieve the desired

operational efficiency requirements.

“This plan may entail including extra space in a station for duplicate or additional operations or finding locations for offloading

parts to a manual station,” concludes Micheletti. “It may even mean just starting with a manual process until you encounter any

technical challenges.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.

Photo courtesy Bosch �e�roth

Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.

Photo courtesy �ord �otor �o 

“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”

ASSEMBLY ONLINE

For more information on Dlean manufacturing, visit www.assemblymag.com to read these articles:

Lean Layout Do’s and Don’ts

8D and A3 Formalize Problem-Solving

Lean Plant Layout

FACTORY OF THE FUTURE MARCH 2022



FACTORY OF THE FUTURE

John Sprovieri // Chief Editor

Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.

Photo courtesy Bosch �e�roth

Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Greater process control, lower

setup costs and simple equipment

programming make it easier than

ever for manufacturers to build

their automation in-house rather

than hire a machine builder.

Inside or Outside?

Cambridge Consultants develops

innovative technologies to  solve

manufacturing and assembly challenges

that can't be handled by off-the-shelf

solutions.
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S

ome questions that manufacturers must address have a simple yes or no answer. Others are not so clear cut. A good example

of the latter type is ‘Should we build automation in-house?’

“There are so many variables to consider when deciding whether to build or buy your automation,” says Robert Huschka, vice

president of education strategies at the Association for Advancing Automation (A3). “For example, how much experience have you

had with automation, and have you successfully implemented projects before? Do you have a good understanding of how you will

address the challenges you are attempting to solve, and how complex are those solutions?”

Most manufacturers have three “all-or-some” options when it comes to building automation. Option one is to hire a machine

builder. The second approach is to buy components off the shelf. A third way is to build it internally.

There is a fourth option developing in the marketplace, but it is only available to major OEMs. This approach involves buying one or

more machine builders wholesale to have complete access to their knowledge, experience and expertise.

Tesla and Hitachi America Ltd. have done this in recent years and greatly benefitted. In 2017, Tesla bought Brooklyn Park, MN-

based Perbix and Elgin, IL-based Compass Automation to design, build and service high-volume manufacturing machinery.

Hitachi, meanwhile, completed its acquisition of the robotic systems integration business of Holland, MI-based JR Automation

Technologies LLC in December 2019. The private equity firm Crestview Partners completed the transaction at a cost of $1.425

billion.

This staggering price shows just how valuable and important automation is to manufacturers. They know that, when properly built,

conveyors, pick-and-place systems, robots, cobots, IIoT-connected machinery and other automation can increase throughput,

efficiency, product quality and worker safety.

According to ASSEMBLY magazine’s 26th annual capital equipment spending survey (December 2021), manufacturers, on average,

meet 40 percent of their assembly system needs with equipment built in-house.

Engineers are quite open to taking the build-it-yourself route when turnkey systems don’t cut it. But, they are also wise enough to

know that, without the right game plan, an in-house project can easily turn into an expensive, time-consuming nightmare.

No Place Like Home

This extensive automation setup is built around an

LS280 transfer system. It includes single and

double locking cam sections, 36 custom pallets, six

carrier supports, 20 pick-and-place units, a rotary

table, a custom chassis and a multi-control

package.
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There is no official roadmap a manufacturer must follow to be successful at building automation in-house. But, a good place to

start is carefully determining the level of automation needed for each manufacturing process. Factors to consider include

production volume, quality control, worker safety and ergonomics, availability of skilled labor and budget.

Next, management needs to take an objective look at the project team’s core competencies versus their perceived limitations.

Joshua Treter, general manager of Weiss North America, says that managers need to be honest with themselves about how much

real-world knowledge, experience and expertise each member of their in-house team has with different levels of automation.

“A couple years ago, an engineer for a small manufacturer had trouble connecting our rotary indexing table to a variable frequency

drive,” says Treter. “He tried his best, but still couldn’t figure it out. We had him ship the equipment back to us so we could do the

connection. Upon completion of this basic level of support, we suggested he find a system integrator for the completion of his

company’s automation project.”

Manufacturers that are able to build quality automation equipment in-house gain many benefits. Some of the main ones,

according to Treter, include being able to fully protect intellectual property; maintaining the confidentiality of a new product or a

proprietary assembly process; and using the team’s extensive product knowledge to modify or redesign equipment whenever

necessary.

Cobots, such as this CR-7iA-L model, offer simple

customization and integration, especially for

automated processes that are repetitive.

Photo courtesy FANUC America Corp.

The in-house approach fits well with lean manufacturing as well. Lean machine design focuses more on simplifying processes for

maximum reliability, reduced operator skill requirements for ease of operation and the flexibility to process a variety of parts.

Building automation in-house also offers greater control over the design and specification of components. Such decisions are not

left in the hands of a machine builder or systems integrator.

Another factor that needs to be addressed when building internally is the decision-making process. R. Michael Farrell, senior

director of business development and direct sales at Weiss, says that, often, senior management, up to and including the CEO,

looks to guide the process.

“Automation projects are dynamic  by nature, a characteristic that increases with complexity,” explains Farrell. “The preferred

approach is for the technical team or staff to do all the research and then present it to the CTO, who, in turn, meets with the CEO

to gain his or her support on how to best handle the building of automation.”

The order in which machines are built and installed will vary from manufacturer to manufacturer, and plant to plant, notes Farrell.

Build time for each machine depends on its complexity and the team’s capabilities. However, the recent COVID-19 pandemic and

its supply chain disruptions have added an extra challenge to the process.

As for installation, Farrell says the team needs to identify early on where equipment will be located. They must also take into

account floor supports and posts.

“Another big challenge that’s often unforeseen is creating system-based data collection, rather than just obtaining data from

each machine via sensors and facility-based data collection,” says Farrell. “Data presented at the station and/or machine level can

slightly change when it’s presented at the system level, causing it to lag behind production. To ensure accurate real-time data

collection, address this issue early in the project.”

Several equipment suppliers are taking steps to help ease the integration process for manufacturers that choose to buy pre-built

automation components. Weiss, for example, makes the LS Hybrid and LS280 linear transfer systems, and the rotary Flex-Dial

Chassis, all of which come to the end-user completely hardwired and pretested to meet the customer’s cycle time.

“These advanced platforms are building blocks that teams can use to jumpstart their automation integration,” explains Treter.

“After getting a platform, the engineers add the tooling, process controls, adapter plates and other components they need—like a

delta or pick-and-place robot—before programming the equipment and plugging it in.”

Cobots offer simple customization and integration, especially for automated processes that are repetitive. John Tuohy, national

account manager at FANUC America Corp., cites hand guidance, icon-based programming and plug-and-play grippers as key

cobot features that allow even small companies to automate simple tasks in as little as 30 minutes.

“Many small to midsize manufacturers take a low-hanging fruit approach to do-it-yourself automation,” notes Tuohy. “They start

out with the goal of simply adding some automation to a fully manual process or building a small cell with one or two automated

processes. Cobots are attractive for these applications because they often require connecting only one or two cables.”

FANUC offers eight models of cobots in its CRX series, with payload ranging from 4 to 35 kilograms and reach from 550 to 1,813

millimeters. For the past several years, a global manufacturer of lawn-maintenance equipment has been operating an internally

built automation system featuring low-payload CRX cobots. Tuohy says the system’s limited production volume didn’t warrant the

expense of hiring a machine builder or integrator for the project.

He notes that the company’s six-axis robots can be used in do-it-yourself automation projects. Tuohy cites the example of a major

furniture manufacturer using large FANUC robots—those with a capacity of 50 to 85 kilograms—to handle plywood sheets and

feed them into various automation systems for cutting, processing and assembly.

Increasingly, manufacturers are renting robots as part of their in-house automation building strategy. This approach, known as

“robotics as a service” (RaaS), allows large and small manufacturers in a wide variety of industries to basically treat robots as temp

workers.

Companies like Ready Robotics Corp. and Hirebotics Inc. lease out their robots as a service, and look after maintenance and

upgrading, as well as providing data services. Manufacturers like RaaS because it requires no upfront costs or huge outlays of

capital.

Equally important, companies can bring a robot in-house and see if it actually makes sense for them to automate workstations or

processes. If it does, they can always decide to purchase a robot later on.

Straddling Success

Last year, Honeywell designed and specified a flexible assembly cell that is

currently used in one plant in Mexico to build fire detection and fire protection

products.

Photo courtesy Honeywell International Inc.

Building in-house is not without its disadvantages. One is not being able to tap into the automation expertise of machine builders

and systems integrators. Just as important is the objective check-and-balance system that comes with working with these

experts.

“Companies build their automation in-house when it makes sense financially and technologically,” notes Ram Devarajulu, director

of business at Cambridge Consultants’ Boston office. “Because it’s hard to have the deep, multi-disciplinary resources required for

building automation, companies often are forced to look outside for help.”

Founded in 1960 in Cambridge, UK, Cambridge Consultants develops innovative technologies to help customers solve

manufacturing and assembly challenges that cannot be handled by off-the-shelf solutions. It also provides business consultancy

in technology-critical issues for clients worldwide. Customers include major manufacturers in the automotive, aerospace, white

goods, medical, life science, energy and consumer products industries.

“Manufacturing companies sometimes lack expertise in novel sensing, advanced robotics and artificial intelligence (AI) disciplines

when building their automation,” says Devarajulu. “So they hire us to develop the technology they need in those areas. We do so in

a vendor-agnostic way, being fully aware that every automation project is unique and a high-stakes venture for the client.”

Justin Garski, the OEM segment lead at Rockwell Automation, says that many small in-house build teams fabricate three or four

machines per year. He claims that this number is simply not enough runtime to develop a great best practice mechanically or

electrically.

“It also distracts from your core business,” notes Garski. “You will always be doing it for the first time, vs. a machine builder who has

the benefit of a consistent learning curve that comes with repeatable project experience.”

“Both the in-house team and that of the machine builder face a certain amount of risk when building any piece of automation,”

adds Treter. “When it doesn’t work out, troubleshooting the project is always expensive. However, what the machine builders have

in their favor to offset this risk is so much more knowledge about the build process and the approval steps.”

The PLC is a key component in most

automation systems.
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Another drawback of building in-house is potentially exposing the limited automation build knowledge and skills of one or more

engineers or other team members. Tuohy calls this a ‘slippery slope’ that can prove embarrassing and costly to the company if the

current project fails, and undermine its confidence in undertaking future projects.

“Automating a factory isn’t something where you can afford to make guesses,” says Garski. “Having a trusted advisor or subject

matter expert working together with you or on your staff, from start to finish, is truly key to making sure any project is successful.”

When the in-house build isn’t going well, manufacturers need to have a backup plan. Devarajulu says smaller companies are usually

willing to seek outside help quickly, whereas larger companies tend to dig in and try to solve problems internally before realizing

the benefits of working with partners like Cambridge.

“Our involvement begins with a discovery phase, where we find out exactly where they are at in the project and what they want

the final automation to be,” explains Devarajulu. “We do work hard at keeping the good they’ve done. Then we propose what we

can do to improve the project, because staying on their current course will make things even worse.”

According to Garski, it’s not always easy for a manufacturer to bring in a machine builder or integrator to fix things. This is

especially true if the roadblock occurs deep into the project.

“It really depends on the project’s scope,” says Garski. “If you have it divided up into incremental pieces that are easy to modify

and change mid-project, bringing in a third party may be feasible.”

FANUC has worked with many large end-users over the years, with some taking on self-integration projects for various reasons.

Tuohy points out that robots are not easy to handle, and when misapplied, can be dangerous. He adds that consulting an

integrator is always a good idea, and costs nothing for a conversation.

“Early in a project, the build team may have questions amongst themselves about how to make an automation process work,”

 acknowledges Treter. “But, it’s only when they reach the real world phase of assembly and testing that they know for sure if

something works.”

“Manufacturers need to exhaust all their build options to accurately determine why the project didn’t go as planned, although

knowing this, unfortunately, doesn’t change the project deadline,” notes Farrell. “Products that were to be made on the planned

automation system still need to be made. These parts could be for a new model car or a medical device the OEM has been

working on for a long time.

“Going to a machine builder or systems integrator for help is understandable in this situation, but it will definitely prove to be very

costly for the manufacturer,” continues Farrell. “This is because the builder or integrator may or may not be able to salvage any

work done in-house, and will then charge for their work on a time and materials basis. Also, they may require all machine changes

be made on the end-user’s plant floor, potentially disrupting other production there.”

Some manufacturers, regardless of their size and resources, never feel the need to build their automation internally. A good

example is Honeywell International Inc., which operates more than 200 manufacturing plants worldwide. The company makes

thousands of products for the aerospace, building technologies, performance materials and technologies, and safety and

productivity markets. From September 2020 to September 2021, the company tallied sales of more than $34.6 billion.

“Late in 2019, we established a companywide Automation Center of Excellence [ACE] program,” explains Jon Hobgood, vice

president of advanced manufacturing and automation at Honeywell. “The program’s main purpose is to establish common

standards and practices for our automation. We design and specify it, but have it built by integrators.”

Hobgood notes that the program began pre-pandemic, and was initiated by company vice president and chief supply chain

officer Torsten Pilz. Its other goals include using more analytics to improve product quality, lower costs, and determine where more

automation makes sense for greater throughput.

Last year, the ACE program lead to the design and specifications for a flexible assembly cell. Many of the cells are currently used in

one plant in Mexico to build fire detection and fire protection products for buildings, although the company plans to eventually

implement many more cells in factories throughout North America.

Assembly processes done in the cell include screwdriving and welding, along with part testing. Specified equipment ranges from

feeders and hand tools, to robots (exclusively FANUC).

“We carefully design each cell using 3D modeling,” concludes Hobgood. “And we define each assembly process for the product

being made to optimize its value.”
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Greater process control, lower

setup costs and simple equipment

programming make it easier than

ever for manufacturers to build

their automation in-house rather

than hire a machine builder.

Inside or Outside?

Cambridge Consultants develops

innovative technologies to  solve

manufacturing and assembly challenges

that can't be handled by off-the-shelf

solutions.
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S

ome questions that manufacturers must address have a simple yes or no answer. Others are not so clear cut. A good example

of the latter type is ‘Should we build automation in-house?’

“There are so many variables to consider when deciding whether to build or buy your automation,” says Robert Huschka, vice

president of education strategies at the Association for Advancing Automation (A3). “For example, how much experience have you

had with automation, and have you successfully implemented projects before? Do you have a good understanding of how you will

address the challenges you are attempting to solve, and how complex are those solutions?”

Most manufacturers have three “all-or-some” options when it comes to building automation. Option one is to hire a machine

builder. The second approach is to buy components off the shelf. A third way is to build it internally.

There is a fourth option developing in the marketplace, but it is only available to major OEMs. This approach involves buying one or

more machine builders wholesale to have complete access to their knowledge, experience and expertise.

Tesla and Hitachi America Ltd. have done this in recent years and greatly benefitted. In 2017, Tesla bought Brooklyn Park, MN-

based Perbix and Elgin, IL-based Compass Automation to design, build and service high-volume manufacturing machinery.

Hitachi, meanwhile, completed its acquisition of the robotic systems integration business of Holland, MI-based JR Automation

Technologies LLC in December 2019. The private equity firm Crestview Partners completed the transaction at a cost of $1.425

billion.

This staggering price shows just how valuable and important automation is to manufacturers. They know that, when properly built,

conveyors, pick-and-place systems, robots, cobots, IIoT-connected machinery and other automation can increase throughput,

efficiency, product quality and worker safety.

According to ASSEMBLY magazine’s 26th annual capital equipment spending survey (December 2021), manufacturers, on average,

meet 40 percent of their assembly system needs with equipment built in-house.

Engineers are quite open to taking the build-it-yourself route when turnkey systems don’t cut it. But, they are also wise enough to

know that, without the right game plan, an in-house project can easily turn into an expensive, time-consuming nightmare.

No Place Like Home

This extensive automation setup is built around an

LS280 transfer system. It includes single and

double locking cam sections, 36 custom pallets, six

carrier supports, 20 pick-and-place units, a rotary

table, a custom chassis and a multi-control

package.
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There is no official roadmap a manufacturer must follow to be successful at building automation in-house. But, a good place to

start is carefully determining the level of automation needed for each manufacturing process. Factors to consider include

production volume, quality control, worker safety and ergonomics, availability of skilled labor and budget.

Next, management needs to take an objective look at the project team’s core competencies versus their perceived limitations.

Joshua Treter, general manager of Weiss North America, says that managers need to be honest with themselves about how much

real-world knowledge, experience and expertise each member of their in-house team has with different levels of automation.

“A couple years ago, an engineer for a small manufacturer had trouble connecting our rotary indexing table to a variable frequency

drive,” says Treter. “He tried his best, but still couldn’t figure it out. We had him ship the equipment back to us so we could do the

connection. Upon completion of this basic level of support, we suggested he find a system integrator for the completion of his

company’s automation project.”

Manufacturers that are able to build quality automation equipment in-house gain many benefits. Some of the main ones,

according to Treter, include being able to fully protect intellectual property; maintaining the confidentiality of a new product or a

proprietary assembly process; and using the team’s extensive product knowledge to modify or redesign equipment whenever

necessary.

Cobots, such as this CR-7iA-L model, offer simple

customization and integration, especially for

automated processes that are repetitive.
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The in-house approach fits well with lean manufacturing as well. Lean machine design focuses more on simplifying processes for

maximum reliability, reduced operator skill requirements for ease of operation and the flexibility to process a variety of parts.

Building automation in-house also offers greater control over the design and specification of components. Such decisions are not

left in the hands of a machine builder or systems integrator.

Another factor that needs to be addressed when building internally is the decision-making process. R. Michael Farrell, senior

director of business development and direct sales at Weiss, says that, often, senior management, up to and including the CEO,

looks to guide the process.

“Automation projects are dynamic  by nature, a characteristic that increases with complexity,” explains Farrell. “The preferred

approach is for the technical team or staff to do all the research and then present it to the CTO, who, in turn, meets with the CEO

to gain his or her support on how to best handle the building of automation.”

The order in which machines are built and installed will vary from manufacturer to manufacturer, and plant to plant, notes Farrell.

Build time for each machine depends on its complexity and the team’s capabilities. However, the recent COVID-19 pandemic and

its supply chain disruptions have added an extra challenge to the process.

As for installation, Farrell says the team needs to identify early on where equipment will be located. They must also take into

account floor supports and posts.

“Another big challenge that’s often unforeseen is creating system-based data collection, rather than just obtaining data from

each machine via sensors and facility-based data collection,” says Farrell. “Data presented at the station and/or machine level can

slightly change when it’s presented at the system level, causing it to lag behind production. To ensure accurate real-time data

collection, address this issue early in the project.”

Several equipment suppliers are taking steps to help ease the integration process for manufacturers that choose to buy pre-built

automation components. Weiss, for example, makes the LS Hybrid and LS280 linear transfer systems, and the rotary Flex-Dial

Chassis, all of which come to the end-user completely hardwired and pretested to meet the customer’s cycle time.

“These advanced platforms are building blocks that teams can use to jumpstart their automation integration,” explains Treter.

“After getting a platform, the engineers add the tooling, process controls, adapter plates and other components they need—like a

delta or pick-and-place robot—before programming the equipment and plugging it in.”

Cobots offer simple customization and integration, especially for automated processes that are repetitive. John Tuohy, national

account manager at FANUC America Corp., cites hand guidance, icon-based programming and plug-and-play grippers as key

cobot features that allow even small companies to automate simple tasks in as little as 30 minutes.

“Many small to midsize manufacturers take a low-hanging fruit approach to do-it-yourself automation,” notes Tuohy. “They start

out with the goal of simply adding some automation to a fully manual process or building a small cell with one or two automated

processes. Cobots are attractive for these applications because they often require connecting only one or two cables.”

FANUC offers eight models of cobots in its CRX series, with payload ranging from 4 to 35 kilograms and reach from 550 to 1,813

millimeters. For the past several years, a global manufacturer of lawn-maintenance equipment has been operating an internally

built automation system featuring low-payload CRX cobots. Tuohy says the system’s limited production volume didn’t warrant the

expense of hiring a machine builder or integrator for the project.

He notes that the company’s six-axis robots can be used in do-it-yourself automation projects. Tuohy cites the example of a major

furniture manufacturer using large FANUC robots—those with a capacity of 50 to 85 kilograms—to handle plywood sheets and

feed them into various automation systems for cutting, processing and assembly.

Increasingly, manufacturers are renting robots as part of their in-house automation building strategy. This approach, known as

“robotics as a service” (RaaS), allows large and small manufacturers in a wide variety of industries to basically treat robots as temp

workers.

Companies like Ready Robotics Corp. and Hirebotics Inc. lease out their robots as a service, and look after maintenance and

upgrading, as well as providing data services. Manufacturers like RaaS because it requires no upfront costs or huge outlays of

capital.

Equally important, companies can bring a robot in-house and see if it actually makes sense for them to automate workstations or

processes. If it does, they can always decide to purchase a robot later on.

Straddling Success

Last year, Honeywell designed and specified a flexible assembly cell that is

currently used in one plant in Mexico to build fire detection and fire protection

products.
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Building in-house is not without its disadvantages. One is not being able to tap into the automation expertise of machine builders

and systems integrators. Just as important is the objective check-and-balance system that comes with working with these

experts.

“Companies build their automation in-house when it makes sense financially and technologically,” notes Ram Devarajulu, director

of business at Cambridge Consultants’ Boston office. “Because it’s hard to have the deep, multi-disciplinary resources required for

building automation, companies often are forced to look outside for help.”

Founded in 1960 in Cambridge, UK, Cambridge Consultants develops innovative technologies to help customers solve

manufacturing and assembly challenges that cannot be handled by off-the-shelf solutions. It also provides business consultancy

in technology-critical issues for clients worldwide. Customers include major manufacturers in the automotive, aerospace, white

goods, medical, life science, energy and consumer products industries.

“Manufacturing companies sometimes lack expertise in novel sensing, advanced robotics and artificial intelligence (AI) disciplines

when building their automation,” says Devarajulu. “So they hire us to develop the technology they need in those areas. We do so in

a vendor-agnostic way, being fully aware that every automation project is unique and a high-stakes venture for the client.”

Justin Garski, the OEM segment lead at Rockwell Automation, says that many small in-house build teams fabricate three or four

machines per year. He claims that this number is simply not enough runtime to develop a great best practice mechanically or

electrically.

“It also distracts from your core business,” notes Garski. “You will always be doing it for the first time, vs. a machine builder who has

the benefit of a consistent learning curve that comes with repeatable project experience.”

“Both the in-house team and that of the machine builder face a certain amount of risk when building any piece of automation,”

adds Treter. “When it doesn’t work out, troubleshooting the project is always expensive. However, what the machine builders have

in their favor to offset this risk is so much more knowledge about the build process and the approval steps.”

The PLC is a key component in most

automation systems.
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Another drawback of building in-house is potentially exposing the limited automation build knowledge and skills of one or more

engineers or other team members. Tuohy calls this a ‘slippery slope’ that can prove embarrassing and costly to the company if the

current project fails, and undermine its confidence in undertaking future projects.

“Automating a factory isn’t something where you can afford to make guesses,” says Garski. “Having a trusted advisor or subject

matter expert working together with you or on your staff, from start to finish, is truly key to making sure any project is successful.”

When the in-house build isn’t going well, manufacturers need to have a backup plan. Devarajulu says smaller companies are usually

willing to seek outside help quickly, whereas larger companies tend to dig in and try to solve problems internally before realizing

the benefits of working with partners like Cambridge.

“Our involvement begins with a discovery phase, where we find out exactly where they are at in the project and what they want

the final automation to be,” explains Devarajulu. “We do work hard at keeping the good they’ve done. Then we propose what we

can do to improve the project, because staying on their current course will make things even worse.”

According to Garski, it’s not always easy for a manufacturer to bring in a machine builder or integrator to fix things. This is

especially true if the roadblock occurs deep into the project.

“It really depends on the project’s scope,” says Garski. “If you have it divided up into incremental pieces that are easy to modify

and change mid-project, bringing in a third party may be feasible.”

FANUC has worked with many large end-users over the years, with some taking on self-integration projects for various reasons.

Tuohy points out that robots are not easy to handle, and when misapplied, can be dangerous. He adds that consulting an

integrator is always a good idea, and costs nothing for a conversation.

“Early in a project, the build team may have questions amongst themselves about how to make an automation process work,”

 acknowledges Treter. “But, it’s only when they reach the real world phase of assembly and testing that they know for sure if

something works.”

“Manufacturers need to exhaust all their build options to accurately determine why the project didn’t go as planned, although

knowing this, unfortunately, doesn’t change the project deadline,” notes Farrell. “Products that were to be made on the planned

automation system still need to be made. These parts could be for a new model car or a medical device the OEM has been

working on for a long time.

“Going to a machine builder or systems integrator for help is understandable in this situation, but it will definitely prove to be very

costly for the manufacturer,” continues Farrell. “This is because the builder or integrator may or may not be able to salvage any

work done in-house, and will then charge for their work on a time and materials basis. Also, they may require all machine changes

be made on the end-user’s plant floor, potentially disrupting other production there.”

Some manufacturers, regardless of their size and resources, never feel the need to build their automation internally. A good

example is Honeywell International Inc., which operates more than 200 manufacturing plants worldwide. The company makes

thousands of products for the aerospace, building technologies, performance materials and technologies, and safety and

productivity markets. From September 2020 to September 2021, the company tallied sales of more than $34.6 billion.

“Late in 2019, we established a companywide Automation Center of Excellence [ACE] program,” explains Jon Hobgood, vice

president of advanced manufacturing and automation at Honeywell. “The program’s main purpose is to establish common

standards and practices for our automation. We design and specify it, but have it built by integrators.”

Hobgood notes that the program began pre-pandemic, and was initiated by company vice president and chief supply chain

officer Torsten Pilz. Its other goals include using more analytics to improve product quality, lower costs, and determine where more

automation makes sense for greater throughput.

Last year, the ACE program lead to the design and specifications for a flexible assembly cell. Many of the cells are currently used in

one plant in Mexico to build fire detection and fire protection products for buildings, although the company plans to eventually

implement many more cells in factories throughout North America.

Assembly processes done in the cell include screwdriving and welding, along with part testing. Specified equipment ranges from

feeders and hand tools, to robots (exclusively FANUC).

“We carefully design each cell using 3D modeling,” concludes Hobgood. “And we define each assembly process for the product

being made to optimize its value.”
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S

ome questions that manufacturers must address have a simple yes or no answer. Others are not so clear cut. A good example

of the latter type is ‘Should we build automation in-house?’

“There are so many variables to consider when deciding whether to build or buy your automation,” says Robert Huschka, vice

president of education strategies at the Association for Advancing Automation (A3). “For example, how much experience have you

had with automation, and have you successfully implemented projects before? Do you have a good understanding of how you will

address the challenges you are attempting to solve, and how complex are those solutions?”

Most manufacturers have three “all-or-some” options when it comes to building automation. Option one is to hire a machine

builder. The second approach is to buy components off the shelf. A third way is to build it internally.

There is a fourth option developing in the marketplace, but it is only available to major OEMs. This approach involves buying one or

more machine builders wholesale to have complete access to their knowledge, experience and expertise.

Tesla and Hitachi America Ltd. have done this in recent years and greatly benefitted. In 2017, Tesla bought Brooklyn Park, MN-

based Perbix and Elgin, IL-based Compass Automation to design, build and service high-volume manufacturing machinery.

Hitachi, meanwhile, completed its acquisition of the robotic systems integration business of Holland, MI-based JR Automation

Technologies LLC in December 2019. The private equity firm Crestview Partners completed the transaction at a cost of $1.425

billion.

This staggering price shows just how valuable and important automation is to manufacturers. They know that, when properly built,

conveyors, pick-and-place systems, robots, cobots, IIoT-connected machinery and other automation can increase throughput,

efficiency, product quality and worker safety.

According to ASSEMBLY magazine’s 26th annual capital equipment spending survey (December 2021), manufacturers, on average,

meet 40 percent of their assembly system needs with equipment built in-house.

Engineers are quite open to taking the build-it-yourself route when turnkey systems don’t cut it. But, they are also wise enough to

know that, without the right game plan, an in-house project can easily turn into an expensive, time-consuming nightmare.

No Place Like Home

This extensive automation setup is built around an

LS280 transfer system. It includes single and

double locking cam sections, 36 custom pallets, six

carrier supports, 20 pick-and-place units, a rotary

table, a custom chassis and a multi-control

package.
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There is no official roadmap a manufacturer must follow to be successful at building automation in-house. But, a good place to

start is carefully determining the level of automation needed for each manufacturing process. Factors to consider include

production volume, quality control, worker safety and ergonomics, availability of skilled labor and budget.

Next, management needs to take an objective look at the project team’s core competencies versus their perceived limitations.

Joshua Treter, general manager of Weiss North America, says that managers need to be honest with themselves about how much

real-world knowledge, experience and expertise each member of their in-house team has with different levels of automation.

“A couple years ago, an engineer for a small manufacturer had trouble connecting our rotary indexing table to a variable frequency

drive,” says Treter. “He tried his best, but still couldn’t figure it out. We had him ship the equipment back to us so we could do the

connection. Upon completion of this basic level of support, we suggested he find a system integrator for the completion of his

company’s automation project.”

Manufacturers that are able to build quality automation equipment in-house gain many benefits. Some of the main ones,

according to Treter, include being able to fully protect intellectual property; maintaining the confidentiality of a new product or a

proprietary assembly process; and using the team’s extensive product knowledge to modify or redesign equipment whenever

necessary.

Cobots, such as this CR-7iA-L model, offer simple

customization and integration, especially for

automated processes that are repetitive.
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The in-house approach fits well with lean manufacturing as well. Lean machine design focuses more on simplifying processes for

maximum reliability, reduced operator skill requirements for ease of operation and the flexibility to process a variety of parts.

Building automation in-house also offers greater control over the design and specification of components. Such decisions are not

left in the hands of a machine builder or systems integrator.

Another factor that needs to be addressed when building internally is the decision-making process. R. Michael Farrell, senior

director of business development and direct sales at Weiss, says that, often, senior management, up to and including the CEO,

looks to guide the process.

“Automation projects are dynamic  by nature, a characteristic that increases with complexity,” explains Farrell. “The preferred

approach is for the technical team or staff to do all the research and then present it to the CTO, who, in turn, meets with the CEO

to gain his or her support on how to best handle the building of automation.”

The order in which machines are built and installed will vary from manufacturer to manufacturer, and plant to plant, notes Farrell.

Build time for each machine depends on its complexity and the team’s capabilities. However, the recent COVID-19 pandemic and

its supply chain disruptions have added an extra challenge to the process.

As for installation, Farrell says the team needs to identify early on where equipment will be located. They must also take into

account floor supports and posts.

“Another big challenge that’s often unforeseen is creating system-based data collection, rather than just obtaining data from

each machine via sensors and facility-based data collection,” says Farrell. “Data presented at the station and/or machine level can

slightly change when it’s presented at the system level, causing it to lag behind production. To ensure accurate real-time data

collection, address this issue early in the project.”

Several equipment suppliers are taking steps to help ease the integration process for manufacturers that choose to buy pre-built

automation components. Weiss, for example, makes the LS Hybrid and LS280 linear transfer systems, and the rotary Flex-Dial

Chassis, all of which come to the end-user completely hardwired and pretested to meet the customer’s cycle time.

“These advanced platforms are building blocks that teams can use to jumpstart their automation integration,” explains Treter.

“After getting a platform, the engineers add the tooling, process controls, adapter plates and other components they need—like a

delta or pick-and-place robot—before programming the equipment and plugging it in.”

Cobots offer simple customization and integration, especially for automated processes that are repetitive. John Tuohy, national

account manager at FANUC America Corp., cites hand guidance, icon-based programming and plug-and-play grippers as key

cobot features that allow even small companies to automate simple tasks in as little as 30 minutes.

“Many small to midsize manufacturers take a low-hanging fruit approach to do-it-yourself automation,” notes Tuohy. “They start

out with the goal of simply adding some automation to a fully manual process or building a small cell with one or two automated

processes. Cobots are attractive for these applications because they often require connecting only one or two cables.”

FANUC offers eight models of cobots in its CRX series, with payload ranging from 4 to 35 kilograms and reach from 550 to 1,813

millimeters. For the past several years, a global manufacturer of lawn-maintenance equipment has been operating an internally

built automation system featuring low-payload CRX cobots. Tuohy says the system’s limited production volume didn’t warrant the

expense of hiring a machine builder or integrator for the project.

He notes that the company’s six-axis robots can be used in do-it-yourself automation projects. Tuohy cites the example of a major

furniture manufacturer using large FANUC robots—those with a capacity of 50 to 85 kilograms—to handle plywood sheets and

feed them into various automation systems for cutting, processing and assembly.

Increasingly, manufacturers are renting robots as part of their in-house automation building strategy. This approach, known as

“robotics as a service” (RaaS), allows large and small manufacturers in a wide variety of industries to basically treat robots as temp

workers.

Companies like Ready Robotics Corp. and Hirebotics Inc. lease out their robots as a service, and look after maintenance and

upgrading, as well as providing data services. Manufacturers like RaaS because it requires no upfront costs or huge outlays of

capital.

Equally important, companies can bring a robot in-house and see if it actually makes sense for them to automate workstations or

processes. If it does, they can always decide to purchase a robot later on.

Straddling Success

Last year, Honeywell designed and specified a flexible assembly cell that is

currently used in one plant in Mexico to build fire detection and fire protection

products.
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Building in-house is not without its disadvantages. One is not being able to tap into the automation expertise of machine builders

and systems integrators. Just as important is the objective check-and-balance system that comes with working with these

experts.

“Companies build their automation in-house when it makes sense financially and technologically,” notes Ram Devarajulu, director

of business at Cambridge Consultants’ Boston office. “Because it’s hard to have the deep, multi-disciplinary resources required for

building automation, companies often are forced to look outside for help.”

Founded in 1960 in Cambridge, UK, Cambridge Consultants develops innovative technologies to help customers solve

manufacturing and assembly challenges that cannot be handled by off-the-shelf solutions. It also provides business consultancy

in technology-critical issues for clients worldwide. Customers include major manufacturers in the automotive, aerospace, white

goods, medical, life science, energy and consumer products industries.

“Manufacturing companies sometimes lack expertise in novel sensing, advanced robotics and artificial intelligence (AI) disciplines

when building their automation,” says Devarajulu. “So they hire us to develop the technology they need in those areas. We do so in

a vendor-agnostic way, being fully aware that every automation project is unique and a high-stakes venture for the client.”

Justin Garski, the OEM segment lead at Rockwell Automation, says that many small in-house build teams fabricate three or four

machines per year. He claims that this number is simply not enough runtime to develop a great best practice mechanically or

electrically.

“It also distracts from your core business,” notes Garski. “You will always be doing it for the first time, vs. a machine builder who has

the benefit of a consistent learning curve that comes with repeatable project experience.”

“Both the in-house team and that of the machine builder face a certain amount of risk when building any piece of automation,”

adds Treter. “When it doesn’t work out, troubleshooting the project is always expensive. However, what the machine builders have

in their favor to offset this risk is so much more knowledge about the build process and the approval steps.”

The PLC is a key component in most

automation systems.
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Another drawback of building in-house is potentially exposing the limited automation build knowledge and skills of one or more

engineers or other team members. Tuohy calls this a ‘slippery slope’ that can prove embarrassing and costly to the company if the

current project fails, and undermine its confidence in undertaking future projects.

“Automating a factory isn’t something where you can afford to make guesses,” says Garski. “Having a trusted advisor or subject

matter expert working together with you or on your staff, from start to finish, is truly key to making sure any project is successful.”

When the in-house build isn’t going well, manufacturers need to have a backup plan. Devarajulu says smaller companies are usually

willing to seek outside help quickly, whereas larger companies tend to dig in and try to solve problems internally before realizing

the benefits of working with partners like Cambridge.

“Our involvement begins with a discovery phase, where we find out exactly where they are at in the project and what they want

the final automation to be,” explains Devarajulu. “We do work hard at keeping the good they’ve done. Then we propose what we

can do to improve the project, because staying on their current course will make things even worse.”

According to Garski, it’s not always easy for a manufacturer to bring in a machine builder or integrator to fix things. This is

especially true if the roadblock occurs deep into the project.

“It really depends on the project’s scope,” says Garski. “If you have it divided up into incremental pieces that are easy to modify

and change mid-project, bringing in a third party may be feasible.”

FANUC has worked with many large end-users over the years, with some taking on self-integration projects for various reasons.

Tuohy points out that robots are not easy to handle, and when misapplied, can be dangerous. He adds that consulting an

integrator is always a good idea, and costs nothing for a conversation.

“Early in a project, the build team may have questions amongst themselves about how to make an automation process work,”

 acknowledges Treter. “But, it’s only when they reach the real world phase of assembly and testing that they know for sure if

something works.”

“Manufacturers need to exhaust all their build options to accurately determine why the project didn’t go as planned, although

knowing this, unfortunately, doesn’t change the project deadline,” notes Farrell. “Products that were to be made on the planned

automation system still need to be made. These parts could be for a new model car or a medical device the OEM has been

working on for a long time.

“Going to a machine builder or systems integrator for help is understandable in this situation, but it will definitely prove to be very

costly for the manufacturer,” continues Farrell. “This is because the builder or integrator may or may not be able to salvage any

work done in-house, and will then charge for their work on a time and materials basis. Also, they may require all machine changes

be made on the end-user’s plant floor, potentially disrupting other production there.”

Some manufacturers, regardless of their size and resources, never feel the need to build their automation internally. A good

example is Honeywell International Inc., which operates more than 200 manufacturing plants worldwide. The company makes

thousands of products for the aerospace, building technologies, performance materials and technologies, and safety and

productivity markets. From September 2020 to September 2021, the company tallied sales of more than $34.6 billion.

“Late in 2019, we established a companywide Automation Center of Excellence [ACE] program,” explains Jon Hobgood, vice

president of advanced manufacturing and automation at Honeywell. “The program’s main purpose is to establish common

standards and practices for our automation. We design and specify it, but have it built by integrators.”

Hobgood notes that the program began pre-pandemic, and was initiated by company vice president and chief supply chain

officer Torsten Pilz. Its other goals include using more analytics to improve product quality, lower costs, and determine where more

automation makes sense for greater throughput.

Last year, the ACE program lead to the design and specifications for a flexible assembly cell. Many of the cells are currently used in

one plant in Mexico to build fire detection and fire protection products for buildings, although the company plans to eventually

implement many more cells in factories throughout North America.

Assembly processes done in the cell include screwdriving and welding, along with part testing. Specified equipment ranges from

feeders and hand tools, to robots (exclusively FANUC).

“We carefully design each cell using 3D modeling,” concludes Hobgood. “And we define each assembly process for the product

being made to optimize its value.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Greater process control, lower

setup costs and simple equipment

programming make it easier than

ever for manufacturers to build

their automation in-house rather

than hire a machine builder.

Inside or Outside?

Cambridge Consultants develops

innovative technologies to solve

manufacturing and assembly challenges

that can't be handled by off-the-shelf

solutions.
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S

ome questions that manufacturers must address have a simple yes or no answer. Others are not so clear cut. A good example

of the latter type is ‘Should we build automation in-house?’

“There are so many variables to consider when deciding whether to build or buy your automation,” says Robert Huschka, vice

president of education strategies at the Association for Advancing Automation (A3). “For example, how much experience have you

had with automation, and have you successfully implemented projects before? Do you have a good understanding of how you will

address the challenges you are attempting to solve, and how complex are those solutions?”

Most manufacturers have three “all-or-some” options when it comes to building automation. Option one is to hire a machine

builder. The second approach is to buy components off the shelf. A third way is to build it internally.

There is a fourth option developing in the marketplace, but it is only available to major OEMs. This approach involves buying one or

more machine builders wholesale to have complete access to their knowledge, experience and expertise.

Tesla and Hitachi America Ltd. have done this in recent years and greatly benefitted. In 2017, Tesla bought Brooklyn Park, MN-

based Perbix and Elgin, IL-based Compass Automation to design, build and service high-volume manufacturing machinery.

Hitachi, meanwhile, completed its acquisition of the robotic systems integration business of Holland, MI-based JR Automation

Technologies LLC in December 2019. The private equity firm Crestview Partners completed the transaction at a cost of $1.425

billion.

This staggering price shows just how valuable and important automation is to manufacturers. They know that, when properly built,

conveyors, pick-and-place systems, robots, cobots, IIoT-connected machinery and other automation can increase throughput,

efficiency, product quality and worker safety.

According to ASSEMBLY magazine’s 26th annual capital equipment spending survey (December 2021), manufacturers, on average,

meet 40 percent of their assembly system needs with equipment built in-house.

Engineers are quite open to taking the build-it-yourself route when turnkey systems don’t cut it. But, they are also wise enough to

know that, without the right game plan, an in-house project can easily turn into an expensive, time-consuming nightmare.

No Place Like Home

This extensive automation setup is built around an

LS280 transfer system. It includes single and

double locking cam sections, 36 custom pallets, six

carrier supports, 20 pick-and-place units, a rotary

table, a custom chassis and a multi-control

package.
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There is no official roadmap a manufacturer must follow to be successful at building automation in-house. But, a good place to

start is carefully determining the level of automation needed for each manufacturing process. Factors to consider include

production volume, quality control, worker safety and ergonomics, availability of skilled labor and budget.

Next, management needs to take an objective look at the project team’s core competencies versus their perceived limitations.

Joshua Treter, general manager of Weiss North America, says that managers need to be honest with themselves about how much

real-world knowledge, experience and expertise each member of their in-house team has with different levels of automation.

“A couple years ago, an engineer for a small manufacturer had trouble connecting our rotary indexing table to a variable frequency

drive,” says Treter. “He tried his best, but still couldn’t figure it out. We had him ship the equipment back to us so we could do the

connection. Upon completion of this basic level of support, we suggested he find a system integrator for the completion of his

company’s automation project.”

Manufacturers that are able to build quality automation equipment in-house gain many benefits. Some of the main ones,

according to Treter, include being able to fully protect intellectual property; maintaining the confidentiality of a new product or a

proprietary assembly process; and using the team’s extensive product knowledge to modify or redesign equipment whenever

necessary.

Cobots, such as this CR-7iA-L model, offer simple

customization and integration, especially for

automated processes that are repetitive.
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The in-house approach fits well with lean manufacturing as well. Lean machine design focuses more on simplifying processes for

maximum reliability, reduced operator skill requirements for ease of operation and the flexibility to process a variety of parts.

Building automation in-house also offers greater control over the design and specification of components. Such decisions are not

left in the hands of a machine builder or systems integrator.

Another factor that needs to be addressed when building internally is the decision-making process. R. Michael Farrell, senior

director of business development and direct sales at Weiss, says that, often, senior management, up to and including the CEO,

looks to guide the process.

“Automation projects are dynamic by nature, a characteristic that increases with complexity,” explains Farrell. “The preferred

approach is for the technical team or staff to do all the research and then present it to the CTO, who, in turn, meets with the CEO

to gain his or her support on how to best handle the building of automation.”

The order in which machines are built and installed will vary from manufacturer to manufacturer, and plant to plant, notes Farrell.

Build time for each machine depends on its complexity and the team’s capabilities. However, the recent COVID-19 pandemic and

its supply chain disruptions have added an extra challenge to the process.

As for installation, Farrell says the team needs to identify early on where equipment will be located. They must also take into

account floor supports and posts.

“Another big challenge that’s often unforeseen is creating system-based data collection, rather than just obtaining data from

each machine via sensors and facility-based data collection,” says Farrell. “Data presented at the station and/or machine level can

slightly change when it’s presented at the system level, causing it to lag behind production. To ensure accurate real-time data

collection, address this issue early in the project.”

Several equipment suppliers are taking steps to help ease the integration process for manufacturers that choose to buy pre-built

automation components. Weiss, for example, makes the LS Hybrid and LS280 linear transfer systems, and the rotary Flex-Dial

Chassis, all of which come to the end-user completely hardwired and pretested to meet the customer’s cycle time.

“These advanced platforms are building blocks that teams can use to jumpstart their automation integration,” explains Treter.

“After getting a platform, the engineers add the tooling, process controls, adapter plates and other components they need—like a

delta or pick-and-place robot—before programming the equipment and plugging it in.”

Cobots offer simple customization and integration, especially for automated processes that are repetitive. John Tuohy, national

account manager at FANUC America Corp., cites hand guidance, icon-based programming and plug-and-play grippers as key

cobot features that allow even small companies to automate simple tasks in as little as 30 minutes.

“Many small to midsize manufacturers take a low-hanging fruit approach to do-it-yourself automation,” notes Tuohy. “They start

out with the goal of simply adding some automation to a fully manual process or building a small cell with one or two automated

processes. Cobots are attractive for these applications because they often require connecting only one or two cables.”

FANUC offers eight models of cobots in its CRX series, with payload ranging from 4 to 35 kilograms and reach from 550 to 1,813

millimeters. For the past several years, a global manufacturer of lawn-maintenance equipment has been operating an internally

built automation system featuring low-payload CRX cobots. Tuohy says the system’s limited production volume didn’t warrant the

expense of hiring a machine builder or integrator for the project.

He notes that the company’s six-axis robots can be used in do-it-yourself automation projects. Tuohy cites the example of a major

furniture manufacturer using large FANUC robots—those with a capacity of 50 to 85 kilograms—to handle plywood sheets and

feed them into various automation systems for cutting, processing and assembly.

Increasingly, manufacturers are renting robots as part of their in-house automation building strategy. This approach, known as

“robotics as a service” (RaaS), allows large and small manufacturers in a wide variety of industries to basically treat robots as temp

workers.

Companies like Ready Robotics Corp. and Hirebotics Inc. lease out their robots as a service, and look after maintenance and

upgrading, as well as providing data services. Manufacturers like RaaS because it requires no upfront costs or huge outlays of

capital.

Equally important, companies can bring a robot in-house and see if it actually makes sense for them to automate workstations or

processes. If it does, they can always decide to purchase a robot later on.

Straddling Success

Last year, Honeywell designed and specified a flexible assembly cell that is

currently used in one plant in Mexico to build fire detection and fire protection

products.
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Building in-house is not without its disadvantages. One is not being able to tap into the automation expertise of machine builders

and systems integrators. Just as important is the objective check-and-balance system that comes with working with these

experts.

“Companies build their automation in-house when it makes sense financially and technologically,” notes Ram Devarajulu, director

of business at Cambridge Consultants’ Boston office. “Because it’s hard to have the deep, multi-disciplinary resources required for

building automation, companies often are forced to look outside for help.”

Founded in 1960 in Cambridge, UK, Cambridge Consultants develops innovative technologies to help customers solve

manufacturing and assembly challenges that cannot be handled by off-the-shelf solutions. It also provides business consultancy

in technology-critical issues for clients worldwide. Customers include major manufacturers in the automotive, aerospace, white

goods, medical, life science, energy and consumer products industries.

“Manufacturing companies sometimes lack expertise in novel sensing, advanced robotics and artificial intelligence (AI) disciplines

when building their automation,” says Devarajulu. “So they hire us to develop the technology they need in those areas. We do so in

a vendor-agnostic way, being fully aware that every automation project is unique and a high-stakes venture for the client.”

Justin Garski, the OEM segment lead at Rockwell Automation, says that many small in-house build teams fabricate three or four

machines per year. He claims that this number is simply not enough runtime to develop a great best practice mechanically or

electrically.

“It also distracts from your core business,” notes Garski. “You will always be doing it for the first time, vs. a machine builder who has

the benefit of a consistent learning curve that comes with repeatable project experience.”

“Both the in-house team and that of the machine builder face a certain amount of risk when building any piece of automation,”

adds Treter. “When it doesn’t work out, troubleshooting the project is always expensive. However, what the machine builders have

in their favor to offset this risk is so much more knowledge about the build process and the approval steps.”

The PLC is a key component in most

automation systems.
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Another drawback of building in-house is potentially exposing the limited automation build knowledge and skills of one or more

engineers or other team members. Tuohy calls this a ‘slippery slope’ that can prove embarrassing and costly to the company if the

current project fails, and undermine its confidence in undertaking future projects.

“Automating a factory isn’t something where you can afford to make guesses,” says Garski. “Having a trusted advisor or subject

matter expert working together with you or on your staff, from start to finish, is truly key to making sure any project is successful.”

When the in-house build isn’t going well, manufacturers need to have a backup plan. Devarajulu says smaller companies are usually

willing to seek outside help quickly, whereas larger companies tend to dig in and try to solve problems internally before realizing

the benefits of working with partners like Cambridge.

“Our involvement begins with a discovery phase, where we find out exactly where they are at in the project and what they want

the final automation to be,” explains Devarajulu. “We do work hard at keeping the good they’ve done. Then we propose what we

can do to improve the project, because staying on their current course will make things even worse.”

According to Garski, it’s not always easy for a manufacturer to bring in a machine builder or integrator to fix things. This is

especially true if the roadblock occurs deep into the project.

“It really depends on the project’s scope,” says Garski. “If you have it divided up into incremental pieces that are easy to modify

and change mid-project, bringing in a third party may be feasible.”

FANUC has worked with many large end-users over the years, with some taking on self-integration projects for various reasons.

Tuohy points out that robots are not easy to handle, and when misapplied, can be dangerous. He adds that consulting an

integrator is always a good idea, and costs nothing for a conversation.

“Early in a project, the build team may have questions amongst themselves about how to make an automation process work,”

acknowledges Treter. “But, it’s only when they reach the real world phase of assembly and testing that they know for sure if

something works.”

“Manufacturers need to exhaust all their build options to accurately determine why the project didn’t go as planned, although

knowing this, unfortunately, doesn’t change the project deadline,” notes Farrell. “Products that were to be made on the planned

automation system still need to be made. These parts could be for a new model car or a medical device the OEM has been

working on for a long time.

“Going to a machine builder or systems integrator for help is understandable in this situation, but it will definitely prove to be very

costly for the manufacturer,” continues Farrell. “This is because the builder or integrator may or may not be able to salvage any

work done in-house, and will then charge for their work on a time and materials basis. Also, they may require all machine changes

be made on the end-user’s plant floor, potentially disrupting other production there.”

Some manufacturers, regardless of their size and resources, never feel the need to build their automation internally. A good

example is Honeywell International Inc., which operates more than 200 manufacturing plants worldwide. The company makes

thousands of products for the aerospace, building technologies, performance materials and technologies, and safety and

productivity markets. From September 2020 to September 2021, the company tallied sales of more than $34.6 billion.

“Late in 2019, we established a companywide Automation Center of Excellence [ACE] program,” explains Jon Hobgood, vice

president of advanced manufacturing and automation at Honeywell. “The program’s main purpose is to establish common

standards and practices for our automation. We design and specify it, but have it built by integrators.”

Hobgood notes that the program began pre-pandemic, and was initiated by company vice president and chief supply chain

officer Torsten Pilz. Its other goals include using more analytics to improve product quality, lower costs, and determine where more

automation makes sense for greater throughput.

Last year, the ACE program lead to the design and specifications for a flexible assembly cell. Many of the cells are currently used in

one plant in Mexico to build fire detection and fire protection products for buildings, although the company plans to eventually

implement many more cells in factories throughout North America.

Assembly processes done in the cell include screwdriving and welding, along with part testing. Specified equipment ranges from

feeders and hand tools, to robots (exclusively FANUC).

“We carefully design each cell using 3D modeling,” concludes Hobgood. “And we define each assembly process for the product

being made to optimize its value.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.

Photo courtesy Bosch �e�roth

Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Greater process control, lower

setup costs and simple equipment

programming make it easier than

ever for manufacturers to build

their automation in-house rather

than hire a machine builder.

Inside or Outside?

Cambridge Consultants develops

innovative technologies to  solve

manufacturing and assembly challenges

that can't be handled by off-the-shelf

solutions.
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S

ome questions that manufacturers must address have a simple yes or no answer. Others are not so clear cut. A good example

of the latter type is ‘Should we build automation in-house?’

“There are so many variables to consider when deciding whether to build or buy your automation,” says Robert Huschka, vice

president of education strategies at the Association for Advancing Automation (A3). “For example, how much experience have you

had with automation, and have you successfully implemented projects before? Do you have a good understanding of how you will

address the challenges you are attempting to solve, and how complex are those solutions?”

Most manufacturers have three “all-or-some” options when it comes to building automation. Option one is to hire a machine

builder. The second approach is to buy components off the shelf. A third way is to build it internally.

There is a fourth option developing in the marketplace, but it is only available to major OEMs. This approach involves buying one or

more machine builders wholesale to have complete access to their knowledge, experience and expertise.

Tesla and Hitachi America Ltd. have done this in recent years and greatly benefitted. In 2017, Tesla bought Brooklyn Park, MN-

based Perbix and Elgin, IL-based Compass Automation to design, build and service high-volume manufacturing machinery.

Hitachi, meanwhile, completed its acquisition of the robotic systems integration business of Holland, MI-based JR Automation

Technologies LLC in December 2019. The private equity firm Crestview Partners completed the transaction at a cost of $1.425

billion.

This staggering price shows just how valuable and important automation is to manufacturers. They know that, when properly built,

conveyors, pick-and-place systems, robots, cobots, IIoT-connected machinery and other automation can increase throughput,

efficiency, product quality and worker safety.

According to ASSEMBLY magazine’s 26th annual capital equipment spending survey (December 2021), manufacturers, on average,

meet 40 percent of their assembly system needs with equipment built in-house.

Engineers are quite open to taking the build-it-yourself route when turnkey systems don’t cut it. But, they are also wise enough to

know that, without the right game plan, an in-house project can easily turn into an expensive, time-consuming nightmare.

No Place Like Home

This extensive automation setup is built around an

LS280 transfer system. It includes single and

double locking cam sections, 36 custom pallets, six

carrier supports, 20 pick-and-place units, a rotary

table, a custom chassis and a multi-control

package.
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There is no official roadmap a manufacturer must follow to be successful at building automation in-house. But, a good place to

start is carefully determining the level of automation needed for each manufacturing process. Factors to consider include

production volume, quality control, worker safety and ergonomics, availability of skilled labor and budget.

Next, management needs to take an objective look at the project team’s core competencies versus their perceived limitations.

Joshua Treter, general manager of Weiss North America, says that managers need to be honest with themselves about how much

real-world knowledge, experience and expertise each member of their in-house team has with different levels of automation.

“A couple years ago, an engineer for a small manufacturer had trouble connecting our rotary indexing table to a variable frequency

drive,” says Treter. “He tried his best, but still couldn’t figure it out. We had him ship the equipment back to us so we could do the

connection. Upon completion of this basic level of support, we suggested he find a system integrator for the completion of his

company’s automation project.”

Manufacturers that are able to build quality automation equipment in-house gain many benefits. Some of the main ones,

according to Treter, include being able to fully protect intellectual property; maintaining the confidentiality of a new product or a

proprietary assembly process; and using the team’s extensive product knowledge to modify or redesign equipment whenever

necessary.

Cobots, such as this CR-7iA-L model, offer simple

customization and integration, especially for

automated processes that are repetitive.
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The in-house approach fits well with lean manufacturing as well. Lean machine design focuses more on simplifying processes for

maximum reliability, reduced operator skill requirements for ease of operation and the flexibility to process a variety of parts.

Building automation in-house also offers greater control over the design and specification of components. Such decisions are not

left in the hands of a machine builder or systems integrator.

Another factor that needs to be addressed when building internally is the decision-making process. R. Michael Farrell, senior

director of business development and direct sales at Weiss, says that, often, senior management, up to and including the CEO,

looks to guide the process.

“Automation projects are dynamic  by nature, a characteristic that increases with complexity,” explains Farrell. “The preferred

approach is for the technical team or staff to do all the research and then present it to the CTO, who, in turn, meets with the CEO

to gain his or her support on how to best handle the building of automation.”

The order in which machines are built and installed will vary from manufacturer to manufacturer, and plant to plant, notes Farrell.

Build time for each machine depends on its complexity and the team’s capabilities. However, the recent COVID-19 pandemic and

its supply chain disruptions have added an extra challenge to the process.

As for installation, Farrell says the team needs to identify early on where equipment will be located. They must also take into

account floor supports and posts.

“Another big challenge that’s often unforeseen is creating system-based data collection, rather than just obtaining data from

each machine via sensors and facility-based data collection,” says Farrell. “Data presented at the station and/or machine level can

slightly change when it’s presented at the system level, causing it to lag behind production. To ensure accurate real-time data

collection, address this issue early in the project.”

Several equipment suppliers are taking steps to help ease the integration process for manufacturers that choose to buy pre-built

automation components. Weiss, for example, makes the LS Hybrid and LS280 linear transfer systems, and the rotary Flex-Dial

Chassis, all of which come to the end-user completely hardwired and pretested to meet the customer’s cycle time.

“These advanced platforms are building blocks that teams can use to jumpstart their automation integration,” explains Treter.

“After getting a platform, the engineers add the tooling, process controls, adapter plates and other components they need—like a

delta or pick-and-place robot—before programming the equipment and plugging it in.”

Cobots offer simple customization and integration, especially for automated processes that are repetitive. John Tuohy, national

account manager at FANUC America Corp., cites hand guidance, icon-based programming and plug-and-play grippers as key

cobot features that allow even small companies to automate simple tasks in as little as 30 minutes.

“Many small to midsize manufacturers take a low-hanging fruit approach to do-it-yourself automation,” notes Tuohy. “They start

out with the goal of simply adding some automation to a fully manual process or building a small cell with one or two automated

processes. Cobots are attractive for these applications because they often require connecting only one or two cables.”

FANUC offers eight models of cobots in its CRX series, with payload ranging from 4 to 35 kilograms and reach from 550 to 1,813

millimeters. For the past several years, a global manufacturer of lawn-maintenance equipment has been operating an internally

built automation system featuring low-payload CRX cobots. Tuohy says the system’s limited production volume didn’t warrant the

expense of hiring a machine builder or integrator for the project.

He notes that the company’s six-axis robots can be used in do-it-yourself automation projects. Tuohy cites the example of a major

furniture manufacturer using large FANUC robots—those with a capacity of 50 to 85 kilograms—to handle plywood sheets and

feed them into various automation systems for cutting, processing and assembly.

Increasingly, manufacturers are renting robots as part of their in-house automation building strategy. This approach, known as

“robotics as a service” (RaaS), allows large and small manufacturers in a wide variety of industries to basically treat robots as temp

workers.

Companies like Ready Robotics Corp. and Hirebotics Inc. lease out their robots as a service, and look after maintenance and

upgrading, as well as providing data services. Manufacturers like RaaS because it requires no upfront costs or huge outlays of

capital.

Equally important, companies can bring a robot in-house and see if it actually makes sense for them to automate workstations or

processes. If it does, they can always decide to purchase a robot later on.

Straddling Success

Last year, Honeywell designed and specified a flexible assembly cell that is

currently used in one plant in Mexico to build fire detection and fire protection

products.
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Building in-house is not without its disadvantages. One is not being able to tap into the automation expertise of machine builders

and systems integrators. Just as important is the objective check-and-balance system that comes with working with these

experts.

“Companies build their automation in-house when it makes sense financially and technologically,” notes Ram Devarajulu, director

of business at Cambridge Consultants’ Boston office. “Because it’s hard to have the deep, multi-disciplinary resources required for

building automation, companies often are forced to look outside for help.”

Founded in 1960 in Cambridge, UK, Cambridge Consultants develops innovative technologies to help customers solve

manufacturing and assembly challenges that cannot be handled by off-the-shelf solutions. It also provides business consultancy

in technology-critical issues for clients worldwide. Customers include major manufacturers in the automotive, aerospace, white

goods, medical, life science, energy and consumer products industries.

“Manufacturing companies sometimes lack expertise in novel sensing, advanced robotics and artificial intelligence (AI) disciplines

when building their automation,” says Devarajulu. “So they hire us to develop the technology they need in those areas. We do so in

a vendor-agnostic way, being fully aware that every automation project is unique and a high-stakes venture for the client.”

Justin Garski, the OEM segment lead at Rockwell Automation, says that many small in-house build teams fabricate three or four

machines per year. He claims that this number is simply not enough runtime to develop a great best practice mechanically or

electrically.

“It also distracts from your core business,” notes Garski. “You will always be doing it for the first time, vs. a machine builder who has

the benefit of a consistent learning curve that comes with repeatable project experience.”

“Both the in-house team and that of the machine builder face a certain amount of risk when building any piece of automation,”

adds Treter. “When it doesn’t work out, troubleshooting the project is always expensive. However, what the machine builders have

in their favor to offset this risk is so much more knowledge about the build process and the approval steps.”

The PLC is a key component in most

automation systems.
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Another drawback of building in-house is potentially exposing the limited automation build knowledge and skills of one or more

engineers or other team members. Tuohy calls this a ‘slippery slope’ that can prove embarrassing and costly to the company if the

current project fails, and undermine its confidence in undertaking future projects.

“Automating a factory isn’t something where you can afford to make guesses,” says Garski. “Having a trusted advisor or subject

matter expert working together with you or on your staff, from start to finish, is truly key to making sure any project is successful.”

When the in-house build isn’t going well, manufacturers need to have a backup plan. Devarajulu says smaller companies are usually

willing to seek outside help quickly, whereas larger companies tend to dig in and try to solve problems internally before realizing

the benefits of working with partners like Cambridge.

“Our involvement begins with a discovery phase, where we find out exactly where they are at in the project and what they want

the final automation to be,” explains Devarajulu. “We do work hard at keeping the good they’ve done. Then we propose what we

can do to improve the project, because staying on their current course will make things even worse.”

According to Garski, it’s not always easy for a manufacturer to bring in a machine builder or integrator to fix things. This is

especially true if the roadblock occurs deep into the project.

“It really depends on the project’s scope,” says Garski. “If you have it divided up into incremental pieces that are easy to modify

and change mid-project, bringing in a third party may be feasible.”

FANUC has worked with many large end-users over the years, with some taking on self-integration projects for various reasons.

Tuohy points out that robots are not easy to handle, and when misapplied, can be dangerous. He adds that consulting an

integrator is always a good idea, and costs nothing for a conversation.

“Early in a project, the build team may have questions amongst themselves about how to make an automation process work,”

 acknowledges Treter. “But, it’s only when they reach the real world phase of assembly and testing that they know for sure if

something works.”

“Manufacturers need to exhaust all their build options to accurately determine why the project didn’t go as planned, although

knowing this, unfortunately, doesn’t change the project deadline,” notes Farrell. “Products that were to be made on the planned

automation system still need to be made. These parts could be for a new model car or a medical device the OEM has been

working on for a long time.

“Going to a machine builder or systems integrator for help is understandable in this situation, but it will definitely prove to be very

costly for the manufacturer,” continues Farrell. “This is because the builder or integrator may or may not be able to salvage any

work done in-house, and will then charge for their work on a time and materials basis. Also, they may require all machine changes

be made on the end-user’s plant floor, potentially disrupting other production there.”

Some manufacturers, regardless of their size and resources, never feel the need to build their automation internally. A good

example is Honeywell International Inc., which operates more than 200 manufacturing plants worldwide. The company makes

thousands of products for the aerospace, building technologies, performance materials and technologies, and safety and

productivity markets. From September 2020 to September 2021, the company tallied sales of more than $34.6 billion.

“Late in 2019, we established a companywide Automation Center of Excellence [ACE] program,” explains Jon Hobgood, vice

president of advanced manufacturing and automation at Honeywell. “The program’s main purpose is to establish common

standards and practices for our automation. We design and specify it, but have it built by integrators.”

Hobgood notes that the program began pre-pandemic, and was initiated by company vice president and chief supply chain

officer Torsten Pilz. Its other goals include using more analytics to improve product quality, lower costs, and determine where more

automation makes sense for greater throughput.

Last year, the ACE program lead to the design and specifications for a flexible assembly cell. Many of the cells are currently used in

one plant in Mexico to build fire detection and fire protection products for buildings, although the company plans to eventually

implement many more cells in factories throughout North America.

Assembly processes done in the cell include screwdriving and welding, along with part testing. Specified equipment ranges from

feeders and hand tools, to robots (exclusively FANUC).

“We carefully design each cell using 3D modeling,” concludes Hobgood. “And we define each assembly process for the product

being made to optimize its value.”
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S

ome questions that manufacturers must address have a simple yes or no answer. Others are not so clear cut. A good example

of the latter type is ‘Should we build automation in-house?’

“There are so many variables to consider when deciding whether to build or buy your automation,” says Robert Huschka, vice

president of education strategies at the Association for Advancing Automation (A3). “For example, how much experience have you

had with automation, and have you successfully implemented projects before? Do you have a good understanding of how you will

address the challenges you are attempting to solve, and how complex are those solutions?”

Most manufacturers have three “all-or-some” options when it comes to building automation. Option one is to hire a machine

builder. The second approach is to buy components off the shelf. A third way is to build it internally.

There is a fourth option developing in the marketplace, but it is only available to major OEMs. This approach involves buying one or

more machine builders wholesale to have complete access to their knowledge, experience and expertise.

Tesla and Hitachi America Ltd. have done this in recent years and greatly benefitted. In 2017, Tesla bought Brooklyn Park, MN-

based Perbix and Elgin, IL-based Compass Automation to design, build and service high-volume manufacturing machinery.

Hitachi, meanwhile, completed its acquisition of the robotic systems integration business of Holland, MI-based JR Automation

Technologies LLC in December 2019. The private equity firm Crestview Partners completed the transaction at a cost of $1.425

billion.

This staggering price shows just how valuable and important automation is to manufacturers. They know that, when properly built,

conveyors, pick-and-place systems, robots, cobots, IIoT-connected machinery and other automation can increase throughput,

efficiency, product quality and worker safety.

According to ASSEMBLY magazine’s 26th annual capital equipment spending survey (December 2021), manufacturers, on average,

meet 40 percent of their assembly system needs with equipment built in-house.

Engineers are quite open to taking the build-it-yourself route when turnkey systems don’t cut it. But, they are also wise enough to

know that, without the right game plan, an in-house project can easily turn into an expensive, time-consuming nightmare.

No Place Like Home

This extensive automation setup is built around an

LS280 transfer system. It includes single and

double locking cam sections, 36 custom pallets, six

carrier supports, 20 pick-and-place units, a rotary

table, a custom chassis and a multi-control

package.
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There is no official roadmap a manufacturer must follow to be successful at building automation in-house. But, a good place to

start is carefully determining the level of automation needed for each manufacturing process. Factors to consider include

production volume, quality control, worker safety and ergonomics, availability of skilled labor and budget.

Next, management needs to take an objective look at the project team’s core competencies versus their perceived limitations.

Joshua Treter, general manager of Weiss North America, says that managers need to be honest with themselves about how much

real-world knowledge, experience and expertise each member of their in-house team has with different levels of automation.

“A couple years ago, an engineer for a small manufacturer had trouble connecting our rotary indexing table to a variable frequency

drive,” says Treter. “He tried his best, but still couldn’t figure it out. We had him ship the equipment back to us so we could do the

connection. Upon completion of this basic level of support, we suggested he find a system integrator for the completion of his

company’s automation project.”

Manufacturers that are able to build quality automation equipment in-house gain many benefits. Some of the main ones,

according to Treter, include being able to fully protect intellectual property; maintaining the confidentiality of a new product or a

proprietary assembly process; and using the team’s extensive product knowledge to modify or redesign equipment whenever

necessary.

Cobots, such as this CR-7iA-L model, offer simple

customization and integration, especially for

automated processes that are repetitive.
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The in-house approach fits well with lean manufacturing as well. Lean machine design focuses more on simplifying processes for

maximum reliability, reduced operator skill requirements for ease of operation and the flexibility to process a variety of parts.

Building automation in-house also offers greater control over the design and specification of components. Such decisions are not

left in the hands of a machine builder or systems integrator.

Another factor that needs to be addressed when building internally is the decision-making process. R. Michael Farrell, senior

director of business development and direct sales at Weiss, says that, often, senior management, up to and including the CEO,

looks to guide the process.

“Automation projects are dynamic  by nature, a characteristic that increases with complexity,” explains Farrell. “The preferred

approach is for the technical team or staff to do all the research and then present it to the CTO, who, in turn, meets with the CEO

to gain his or her support on how to best handle the building of automation.”

The order in which machines are built and installed will vary from manufacturer to manufacturer, and plant to plant, notes Farrell.

Build time for each machine depends on its complexity and the team’s capabilities. However, the recent COVID-19 pandemic and

its supply chain disruptions have added an extra challenge to the process.

As for installation, Farrell says the team needs to identify early on where equipment will be located. They must also take into

account floor supports and posts.

“Another big challenge that’s often unforeseen is creating system-based data collection, rather than just obtaining data from

each machine via sensors and facility-based data collection,” says Farrell. “Data presented at the station and/or machine level can

slightly change when it’s presented at the system level, causing it to lag behind production. To ensure accurate real-time data

collection, address this issue early in the project.”

Several equipment suppliers are taking steps to help ease the integration process for manufacturers that choose to buy pre-built

automation components. Weiss, for example, makes the LS Hybrid and LS280 linear transfer systems, and the rotary Flex-Dial

Chassis, all of which come to the end-user completely hardwired and pretested to meet the customer’s cycle time.

“These advanced platforms are building blocks that teams can use to jumpstart their automation integration,” explains Treter.

“After getting a platform, the engineers add the tooling, process controls, adapter plates and other components they need—like a

delta or pick-and-place robot—before programming the equipment and plugging it in.”

Cobots offer simple customization and integration, especially for automated processes that are repetitive. John Tuohy, national

account manager at FANUC America Corp., cites hand guidance, icon-based programming and plug-and-play grippers as key

cobot features that allow even small companies to automate simple tasks in as little as 30 minutes.

“Many small to midsize manufacturers take a low-hanging fruit approach to do-it-yourself automation,” notes Tuohy. “They start

out with the goal of simply adding some automation to a fully manual process or building a small cell with one or two automated

processes. Cobots are attractive for these applications because they often require connecting only one or two cables.”

FANUC offers eight models of cobots in its CRX series, with payload ranging from 4 to 35 kilograms and reach from 550 to 1,813

millimeters. For the past several years, a global manufacturer of lawn-maintenance equipment has been operating an internally

built automation system featuring low-payload CRX cobots. Tuohy says the system’s limited production volume didn’t warrant the

expense of hiring a machine builder or integrator for the project.

He notes that the company’s six-axis robots can be used in do-it-yourself automation projects. Tuohy cites the example of a major

furniture manufacturer using large FANUC robots—those with a capacity of 50 to 85 kilograms—to handle plywood sheets and

feed them into various automation systems for cutting, processing and assembly.

Increasingly, manufacturers are renting robots as part of their in-house automation building strategy. This approach, known as

“robotics as a service” (RaaS), allows large and small manufacturers in a wide variety of industries to basically treat robots as temp

workers.

Companies like Ready Robotics Corp. and Hirebotics Inc. lease out their robots as a service, and look after maintenance and

upgrading, as well as providing data services. Manufacturers like RaaS because it requires no upfront costs or huge outlays of

capital.

Equally important, companies can bring a robot in-house and see if it actually makes sense for them to automate workstations or

processes. If it does, they can always decide to purchase a robot later on.

Straddling Success

Last year, Honeywell designed and specified a flexible assembly cell that is

currently used in one plant in Mexico to build fire detection and fire protection

products.
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Building in-house is not without its disadvantages. One is not being able to tap into the automation expertise of machine builders

and systems integrators. Just as important is the objective check-and-balance system that comes with working with these

experts.

“Companies build their automation in-house when it makes sense financially and technologically,” notes Ram Devarajulu, director

of business at Cambridge Consultants’ Boston office. “Because it’s hard to have the deep, multi-disciplinary resources required for

building automation, companies often are forced to look outside for help.”

Founded in 1960 in Cambridge, UK, Cambridge Consultants develops innovative technologies to help customers solve

manufacturing and assembly challenges that cannot be handled by off-the-shelf solutions. It also provides business consultancy

in technology-critical issues for clients worldwide. Customers include major manufacturers in the automotive, aerospace, white

goods, medical, life science, energy and consumer products industries.

“Manufacturing companies sometimes lack expertise in novel sensing, advanced robotics and artificial intelligence (AI) disciplines

when building their automation,” says Devarajulu. “So they hire us to develop the technology they need in those areas. We do so in

a vendor-agnostic way, being fully aware that every automation project is unique and a high-stakes venture for the client.”

Justin Garski, the OEM segment lead at Rockwell Automation, says that many small in-house build teams fabricate three or four

machines per year. He claims that this number is simply not enough runtime to develop a great best practice mechanically or

electrically.

“It also distracts from your core business,” notes Garski. “You will always be doing it for the first time, vs. a machine builder who has

the benefit of a consistent learning curve that comes with repeatable project experience.”

“Both the in-house team and that of the machine builder face a certain amount of risk when building any piece of automation,”

adds Treter. “When it doesn’t work out, troubleshooting the project is always expensive. However, what the machine builders have

in their favor to offset this risk is so much more knowledge about the build process and the approval steps.”

The PLC is a key component in most

automation systems.
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Another drawback of building in-house is potentially exposing the limited automation build knowledge and skills of one or more

engineers or other team members. Tuohy calls this a ‘slippery slope’ that can prove embarrassing and costly to the company if the

current project fails, and undermine its confidence in undertaking future projects.

“Automating a factory isn’t something where you can afford to make guesses,” says Garski. “Having a trusted advisor or subject

matter expert working together with you or on your staff, from start to finish, is truly key to making sure any project is successful.”

When the in-house build isn’t going well, manufacturers need to have a backup plan. Devarajulu says smaller companies are usually

willing to seek outside help quickly, whereas larger companies tend to dig in and try to solve problems internally before realizing

the benefits of working with partners like Cambridge.

“Our involvement begins with a discovery phase, where we find out exactly where they are at in the project and what they want

the final automation to be,” explains Devarajulu. “We do work hard at keeping the good they’ve done. Then we propose what we

can do to improve the project, because staying on their current course will make things even worse.”

According to Garski, it’s not always easy for a manufacturer to bring in a machine builder or integrator to fix things. This is

especially true if the roadblock occurs deep into the project.

“It really depends on the project’s scope,” says Garski. “If you have it divided up into incremental pieces that are easy to modify

and change mid-project, bringing in a third party may be feasible.”

FANUC has worked with many large end-users over the years, with some taking on self-integration projects for various reasons.

Tuohy points out that robots are not easy to handle, and when misapplied, can be dangerous. He adds that consulting an

integrator is always a good idea, and costs nothing for a conversation.

“Early in a project, the build team may have questions amongst themselves about how to make an automation process work,”

 acknowledges Treter. “But, it’s only when they reach the real world phase of assembly and testing that they know for sure if

something works.”

“Manufacturers need to exhaust all their build options to accurately determine why the project didn’t go as planned, although

knowing this, unfortunately, doesn’t change the project deadline,” notes Farrell. “Products that were to be made on the planned

automation system still need to be made. These parts could be for a new model car or a medical device the OEM has been

working on for a long time.

“Going to a machine builder or systems integrator for help is understandable in this situation, but it will definitely prove to be very

costly for the manufacturer,” continues Farrell. “This is because the builder or integrator may or may not be able to salvage any

work done in-house, and will then charge for their work on a time and materials basis. Also, they may require all machine changes

be made on the end-user’s plant floor, potentially disrupting other production there.”

Some manufacturers, regardless of their size and resources, never feel the need to build their automation internally. A good

example is Honeywell International Inc., which operates more than 200 manufacturing plants worldwide. The company makes

thousands of products for the aerospace, building technologies, performance materials and technologies, and safety and

productivity markets. From September 2020 to September 2021, the company tallied sales of more than $34.6 billion.

“Late in 2019, we established a companywide Automation Center of Excellence [ACE] program,” explains Jon Hobgood, vice

president of advanced manufacturing and automation at Honeywell. “The program’s main purpose is to establish common

standards and practices for our automation. We design and specify it, but have it built by integrators.”

Hobgood notes that the program began pre-pandemic, and was initiated by company vice president and chief supply chain

officer Torsten Pilz. Its other goals include using more analytics to improve product quality, lower costs, and determine where more

automation makes sense for greater throughput.

Last year, the ACE program lead to the design and specifications for a flexible assembly cell. Many of the cells are currently used in

one plant in Mexico to build fire detection and fire protection products for buildings, although the company plans to eventually

implement many more cells in factories throughout North America.

Assembly processes done in the cell include screwdriving and welding, along with part testing. Specified equipment ranges from

feeders and hand tools, to robots (exclusively FANUC).

“We carefully design each cell using 3D modeling,” concludes Hobgood. “And we define each assembly process for the product

being made to optimize its value.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.

Photo courtesy �ord �otor �o 

“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Greater process control, lower

setup costs and simple equipment

programming make it easier than

ever for manufacturers to build

their automation in-house rather

than hire a machine builder.

Inside or Outside?

Cambridge Consultants develops

innovative technologies to  solve

manufacturing and assembly challenges

that can't be handled by off-the-shelf

solutions.
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S

ome questions that manufacturers must address have a simple yes or no answer. Others are not so clear cut. A good example

of the latter type is ‘Should we build automation in-house?’

“There are so many variables to consider when deciding whether to build or buy your automation,” says Robert Huschka, vice

president of education strategies at the Association for Advancing Automation (A3). “For example, how much experience have you

had with automation, and have you successfully implemented projects before? Do you have a good understanding of how you will

address the challenges you are attempting to solve, and how complex are those solutions?”

Most manufacturers have three “all-or-some” options when it comes to building automation. Option one is to hire a machine

builder. The second approach is to buy components off the shelf. A third way is to build it internally.

There is a fourth option developing in the marketplace, but it is only available to major OEMs. This approach involves buying one or

more machine builders wholesale to have complete access to their knowledge, experience and expertise.

Tesla and Hitachi America Ltd. have done this in recent years and greatly benefitted. In 2017, Tesla bought Brooklyn Park, MN-

based Perbix and Elgin, IL-based Compass Automation to design, build and service high-volume manufacturing machinery.

Hitachi, meanwhile, completed its acquisition of the robotic systems integration business of Holland, MI-based JR Automation

Technologies LLC in December 2019. The private equity firm Crestview Partners completed the transaction at a cost of $1.425

billion.

This staggering price shows just how valuable and important automation is to manufacturers. They know that, when properly built,

conveyors, pick-and-place systems, robots, cobots, IIoT-connected machinery and other automation can increase throughput,

efficiency, product quality and worker safety.

According to ASSEMBLY magazine’s 26th annual capital equipment spending survey (December 2021), manufacturers, on average,

meet 40 percent of their assembly system needs with equipment built in-house.

Engineers are quite open to taking the build-it-yourself route when turnkey systems don’t cut it. But, they are also wise enough to

know that, without the right game plan, an in-house project can easily turn into an expensive, time-consuming nightmare.

No Place Like Home

This extensive automation setup is built around an

LS280 transfer system. It includes single and

double locking cam sections, 36 custom pallets, six

carrier supports, 20 pick-and-place units, a rotary

table, a custom chassis and a multi-control

package.
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There is no official roadmap a manufacturer must follow to be successful at building automation in-house. But, a good place to

start is carefully determining the level of automation needed for each manufacturing process. Factors to consider include

production volume, quality control, worker safety and ergonomics, availability of skilled labor and budget.

Next, management needs to take an objective look at the project team’s core competencies versus their perceived limitations.

Joshua Treter, general manager of Weiss North America, says that managers need to be honest with themselves about how much

real-world knowledge, experience and expertise each member of their in-house team has with different levels of automation.

“A couple years ago, an engineer for a small manufacturer had trouble connecting our rotary indexing table to a variable frequency

drive,” says Treter. “He tried his best, but still couldn’t figure it out. We had him ship the equipment back to us so we could do the

connection. Upon completion of this basic level of support, we suggested he find a system integrator for the completion of his

company’s automation project.”

Manufacturers that are able to build quality automation equipment in-house gain many benefits. Some of the main ones,

according to Treter, include being able to fully protect intellectual property; maintaining the confidentiality of a new product or a

proprietary assembly process; and using the team’s extensive product knowledge to modify or redesign equipment whenever

necessary.

Cobots, such as this CR-7iA-L model, offer simple

customization and integration, especially for

automated processes that are repetitive.
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The in-house approach fits well with lean manufacturing as well. Lean machine design focuses more on simplifying processes for

maximum reliability, reduced operator skill requirements for ease of operation and the flexibility to process a variety of parts.

Building automation in-house also offers greater control over the design and specification of components. Such decisions are not

left in the hands of a machine builder or systems integrator.

Another factor that needs to be addressed when building internally is the decision-making process. R. Michael Farrell, senior

director of business development and direct sales at Weiss, says that, often, senior management, up to and including the CEO,

looks to guide the process.

“Automation projects are dynamic  by nature, a characteristic that increases with complexity,” explains Farrell. “The preferred

approach is for the technical team or staff to do all the research and then present it to the CTO, who, in turn, meets with the CEO

to gain his or her support on how to best handle the building of automation.”

The order in which machines are built and installed will vary from manufacturer to manufacturer, and plant to plant, notes Farrell.

Build time for each machine depends on its complexity and the team’s capabilities. However, the recent COVID-19 pandemic and

its supply chain disruptions have added an extra challenge to the process.

As for installation, Farrell says the team needs to identify early on where equipment will be located. They must also take into

account floor supports and posts.

“Another big challenge that’s often unforeseen is creating system-based data collection, rather than just obtaining data from

each machine via sensors and facility-based data collection,” says Farrell. “Data presented at the station and/or machine level can

slightly change when it’s presented at the system level, causing it to lag behind production. To ensure accurate real-time data

collection, address this issue early in the project.”

Several equipment suppliers are taking steps to help ease the integration process for manufacturers that choose to buy pre-built

automation components. Weiss, for example, makes the LS Hybrid and LS280 linear transfer systems, and the rotary Flex-Dial

Chassis, all of which come to the end-user completely hardwired and pretested to meet the customer’s cycle time.

“These advanced platforms are building blocks that teams can use to jumpstart their automation integration,” explains Treter.

“After getting a platform, the engineers add the tooling, process controls, adapter plates and other components they need—like a

delta or pick-and-place robot—before programming the equipment and plugging it in.”

Cobots offer simple customization and integration, especially for automated processes that are repetitive. John Tuohy, national

account manager at FANUC America Corp., cites hand guidance, icon-based programming and plug-and-play grippers as key

cobot features that allow even small companies to automate simple tasks in as little as 30 minutes.

“Many small to midsize manufacturers take a low-hanging fruit approach to do-it-yourself automation,” notes Tuohy. “They start

out with the goal of simply adding some automation to a fully manual process or building a small cell with one or two automated

processes. Cobots are attractive for these applications because they often require connecting only one or two cables.”

FANUC offers eight models of cobots in its CRX series, with payload ranging from 4 to 35 kilograms and reach from 550 to 1,813

millimeters. For the past several years, a global manufacturer of lawn-maintenance equipment has been operating an internally

built automation system featuring low-payload CRX cobots. Tuohy says the system’s limited production volume didn’t warrant the

expense of hiring a machine builder or integrator for the project.

He notes that the company’s six-axis robots can be used in do-it-yourself automation projects. Tuohy cites the example of a major

furniture manufacturer using large FANUC robots—those with a capacity of 50 to 85 kilograms—to handle plywood sheets and

feed them into various automation systems for cutting, processing and assembly.

Increasingly, manufacturers are renting robots as part of their in-house automation building strategy. This approach, known as

“robotics as a service” (RaaS), allows large and small manufacturers in a wide variety of industries to basically treat robots as temp

workers.

Companies like Ready Robotics Corp. and Hirebotics Inc. lease out their robots as a service, and look after maintenance and

upgrading, as well as providing data services. Manufacturers like RaaS because it requires no upfront costs or huge outlays of

capital.

Equally important, companies can bring a robot in-house and see if it actually makes sense for them to automate workstations or

processes. If it does, they can always decide to purchase a robot later on.

Straddling Success

Last year, Honeywell designed and specified a flexible assembly cell that is

currently used in one plant in Mexico to build fire detection and fire protection

products.
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Building in-house is not without its disadvantages. One is not being able to tap into the automation expertise of machine builders

and systems integrators. Just as important is the objective check-and-balance system that comes with working with these

experts.

“Companies build their automation in-house when it makes sense financially and technologically,” notes Ram Devarajulu, director

of business at Cambridge Consultants’ Boston office. “Because it’s hard to have the deep, multi-disciplinary resources required for

building automation, companies often are forced to look outside for help.”

Founded in 1960 in Cambridge, UK, Cambridge Consultants develops innovative technologies to help customers solve

manufacturing and assembly challenges that cannot be handled by off-the-shelf solutions. It also provides business consultancy

in technology-critical issues for clients worldwide. Customers include major manufacturers in the automotive, aerospace, white

goods, medical, life science, energy and consumer products industries.

“Manufacturing companies sometimes lack expertise in novel sensing, advanced robotics and artificial intelligence (AI) disciplines

when building their automation,” says Devarajulu. “So they hire us to develop the technology they need in those areas. We do so in

a vendor-agnostic way, being fully aware that every automation project is unique and a high-stakes venture for the client.”

Justin Garski, the OEM segment lead at Rockwell Automation, says that many small in-house build teams fabricate three or four

machines per year. He claims that this number is simply not enough runtime to develop a great best practice mechanically or

electrically.

“It also distracts from your core business,” notes Garski. “You will always be doing it for the first time, vs. a machine builder who has

the benefit of a consistent learning curve that comes with repeatable project experience.”

“Both the in-house team and that of the machine builder face a certain amount of risk when building any piece of automation,”

adds Treter. “When it doesn’t work out, troubleshooting the project is always expensive. However, what the machine builders have

in their favor to offset this risk is so much more knowledge about the build process and the approval steps.”

The PLC is a key component in most

automation systems.
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Another drawback of building in-house is potentially exposing the limited automation build knowledge and skills of one or more

engineers or other team members. Tuohy calls this a ‘slippery slope’ that can prove embarrassing and costly to the company if the

current project fails, and undermine its confidence in undertaking future projects.

“Automating a factory isn’t something where you can afford to make guesses,” says Garski. “Having a trusted advisor or subject

matter expert working together with you or on your staff, from start to finish, is truly key to making sure any project is successful.”

When the in-house build isn’t going well, manufacturers need to have a backup plan. Devarajulu says smaller companies are usually

willing to seek outside help quickly, whereas larger companies tend to dig in and try to solve problems internally before realizing

the benefits of working with partners like Cambridge.

“Our involvement begins with a discovery phase, where we find out exactly where they are at in the project and what they want

the final automation to be,” explains Devarajulu. “We do work hard at keeping the good they’ve done. Then we propose what we

can do to improve the project, because staying on their current course will make things even worse.”

According to Garski, it’s not always easy for a manufacturer to bring in a machine builder or integrator to fix things. This is

especially true if the roadblock occurs deep into the project.

“It really depends on the project’s scope,” says Garski. “If you have it divided up into incremental pieces that are easy to modify

and change mid-project, bringing in a third party may be feasible.”

FANUC has worked with many large end-users over the years, with some taking on self-integration projects for various reasons.

Tuohy points out that robots are not easy to handle, and when misapplied, can be dangerous. He adds that consulting an

integrator is always a good idea, and costs nothing for a conversation.

“Early in a project, the build team may have questions amongst themselves about how to make an automation process work,”

 acknowledges Treter. “But, it’s only when they reach the real world phase of assembly and testing that they know for sure if

something works.”

“Manufacturers need to exhaust all their build options to accurately determine why the project didn’t go as planned, although

knowing this, unfortunately, doesn’t change the project deadline,” notes Farrell. “Products that were to be made on the planned

automation system still need to be made. These parts could be for a new model car or a medical device the OEM has been

working on for a long time.

“Going to a machine builder or systems integrator for help is understandable in this situation, but it will definitely prove to be very

costly for the manufacturer,” continues Farrell. “This is because the builder or integrator may or may not be able to salvage any

work done in-house, and will then charge for their work on a time and materials basis. Also, they may require all machine changes

be made on the end-user’s plant floor, potentially disrupting other production there.”

Some manufacturers, regardless of their size and resources, never feel the need to build their automation internally. A good

example is Honeywell International Inc., which operates more than 200 manufacturing plants worldwide. The company makes

thousands of products for the aerospace, building technologies, performance materials and technologies, and safety and

productivity markets. From September 2020 to September 2021, the company tallied sales of more than $34.6 billion.

“Late in 2019, we established a companywide Automation Center of Excellence [ACE] program,” explains Jon Hobgood, vice

president of advanced manufacturing and automation at Honeywell. “The program’s main purpose is to establish common

standards and practices for our automation. We design and specify it, but have it built by integrators.”

Hobgood notes that the program began pre-pandemic, and was initiated by company vice president and chief supply chain

officer Torsten Pilz. Its other goals include using more analytics to improve product quality, lower costs, and determine where more

automation makes sense for greater throughput.

Last year, the ACE program lead to the design and specifications for a flexible assembly cell. Many of the cells are currently used in

one plant in Mexico to build fire detection and fire protection products for buildings, although the company plans to eventually

implement many more cells in factories throughout North America.

Assembly processes done in the cell include screwdriving and welding, along with part testing. Specified equipment ranges from

feeders and hand tools, to robots (exclusively FANUC).

“We carefully design each cell using 3D modeling,” concludes Hobgood. “And we define each assembly process for the product

being made to optimize its value.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Greater process control, lower

setup costs and simple equipment

programming make it easier than

ever for manufacturers to build

their automation in-house rather

than hire a machine builder.

Inside or Outside?

Cambridge Consultants develops

innovative technologies to solve

manufacturing and assembly challenges

that can't be handled by off-the-shelf

solutions.
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S

ome questions that manufacturers must address have a simple yes or no answer. Others are not so clear cut. A good example

of the latter type is ‘Should we build automation in-house?’

“There are so many variables to consider when deciding whether to build or buy your automation,” says Robert Huschka, vice

president of education strategies at the Association for Advancing Automation (A3). “For example, how much experience have you

had with automation, and have you successfully implemented projects before? Do you have a good understanding of how you will

address the challenges you are attempting to solve, and how complex are those solutions?”

Most manufacturers have three “all-or-some” options when it comes to building automation. Option one is to hire a machine

builder. The second approach is to buy components off the shelf. A third way is to build it internally.

There is a fourth option developing in the marketplace, but it is only available to major OEMs. This approach involves buying one or

more machine builders wholesale to have complete access to their knowledge, experience and expertise.

Tesla and Hitachi America Ltd. have done this in recent years and greatly benefitted. In 2017, Tesla bought Brooklyn Park, MN-

based Perbix and Elgin, IL-based Compass Automation to design, build and service high-volume manufacturing machinery.

Hitachi, meanwhile, completed its acquisition of the robotic systems integration business of Holland, MI-based JR Automation

Technologies LLC in December 2019. The private equity firm Crestview Partners completed the transaction at a cost of $1.425

billion.

This staggering price shows just how valuable and important automation is to manufacturers. They know that, when properly built,

conveyors, pick-and-place systems, robots, cobots, IIoT-connected machinery and other automation can increase throughput,

efficiency, product quality and worker safety.

According to ASSEMBLY magazine’s 26th annual capital equipment spending survey (December 2021), manufacturers, on average,

meet 40 percent of their assembly system needs with equipment built in-house.

Engineers are quite open to taking the build-it-yourself route when turnkey systems don’t cut it. But, they are also wise enough to

know that, without the right game plan, an in-house project can easily turn into an expensive, time-consuming nightmare.

No Place Like Home

This extensive automation setup is built around an

LS280 transfer system. It includes single and

double locking cam sections, 36 custom pallets, six

carrier supports, 20 pick-and-place units, a rotary

table, a custom chassis and a multi-control

package.
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There is no official roadmap a manufacturer must follow to be successful at building automation in-house. But, a good place to

start is carefully determining the level of automation needed for each manufacturing process. Factors to consider include

production volume, quality control, worker safety and ergonomics, availability of skilled labor and budget.

Next, management needs to take an objective look at the project team’s core competencies versus their perceived limitations.

Joshua Treter, general manager of Weiss North America, says that managers need to be honest with themselves about how much

real-world knowledge, experience and expertise each member of their in-house team has with different levels of automation.

“A couple years ago, an engineer for a small manufacturer had trouble connecting our rotary indexing table to a variable frequency

drive,” says Treter. “He tried his best, but still couldn’t figure it out. We had him ship the equipment back to us so we could do the

connection. Upon completion of this basic level of support, we suggested he find a system integrator for the completion of his

company’s automation project.”

Manufacturers that are able to build quality automation equipment in-house gain many benefits. Some of the main ones,

according to Treter, include being able to fully protect intellectual property; maintaining the confidentiality of a new product or a

proprietary assembly process; and using the team’s extensive product knowledge to modify or redesign equipment whenever

necessary.

Cobots, such as this CR-7iA-L model, offer simple

customization and integration, especially for

automated processes that are repetitive.
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The in-house approach fits well with lean manufacturing as well. Lean machine design focuses more on simplifying processes for

maximum reliability, reduced operator skill requirements for ease of operation and the flexibility to process a variety of parts.

Building automation in-house also offers greater control over the design and specification of components. Such decisions are not

left in the hands of a machine builder or systems integrator.

Another factor that needs to be addressed when building internally is the decision-making process. R. Michael Farrell, senior

director of business development and direct sales at Weiss, says that, often, senior management, up to and including the CEO,

looks to guide the process.

“Automation projects are dynamic by nature, a characteristic that increases with complexity,” explains Farrell. “The preferred

approach is for the technical team or staff to do all the research and then present it to the CTO, who, in turn, meets with the CEO

to gain his or her support on how to best handle the building of automation.”

The order in which machines are built and installed will vary from manufacturer to manufacturer, and plant to plant, notes Farrell.

Build time for each machine depends on its complexity and the team’s capabilities. However, the recent COVID-19 pandemic and

its supply chain disruptions have added an extra challenge to the process.

As for installation, Farrell says the team needs to identify early on where equipment will be located. They must also take into

account floor supports and posts.

“Another big challenge that’s often unforeseen is creating system-based data collection, rather than just obtaining data from

each machine via sensors and facility-based data collection,” says Farrell. “Data presented at the station and/or machine level can

slightly change when it’s presented at the system level, causing it to lag behind production. To ensure accurate real-time data

collection, address this issue early in the project.”

Several equipment suppliers are taking steps to help ease the integration process for manufacturers that choose to buy pre-built

automation components. Weiss, for example, makes the LS Hybrid and LS280 linear transfer systems, and the rotary Flex-Dial

Chassis, all of which come to the end-user completely hardwired and pretested to meet the customer’s cycle time.

“These advanced platforms are building blocks that teams can use to jumpstart their automation integration,” explains Treter.

“After getting a platform, the engineers add the tooling, process controls, adapter plates and other components they need—like a

delta or pick-and-place robot—before programming the equipment and plugging it in.”

Cobots offer simple customization and integration, especially for automated processes that are repetitive. John Tuohy, national

account manager at FANUC America Corp., cites hand guidance, icon-based programming and plug-and-play grippers as key

cobot features that allow even small companies to automate simple tasks in as little as 30 minutes.

“Many small to midsize manufacturers take a low-hanging fruit approach to do-it-yourself automation,” notes Tuohy. “They start

out with the goal of simply adding some automation to a fully manual process or building a small cell with one or two automated

processes. Cobots are attractive for these applications because they often require connecting only one or two cables.”

FANUC offers eight models of cobots in its CRX series, with payload ranging from 4 to 35 kilograms and reach from 550 to 1,813

millimeters. For the past several years, a global manufacturer of lawn-maintenance equipment has been operating an internally

built automation system featuring low-payload CRX cobots. Tuohy says the system’s limited production volume didn’t warrant the

expense of hiring a machine builder or integrator for the project.

He notes that the company’s six-axis robots can be used in do-it-yourself automation projects. Tuohy cites the example of a major

furniture manufacturer using large FANUC robots—those with a capacity of 50 to 85 kilograms—to handle plywood sheets and

feed them into various automation systems for cutting, processing and assembly.

Increasingly, manufacturers are renting robots as part of their in-house automation building strategy. This approach, known as

“robotics as a service” (RaaS), allows large and small manufacturers in a wide variety of industries to basically treat robots as temp

workers.

Companies like Ready Robotics Corp. and Hirebotics Inc. lease out their robots as a service, and look after maintenance and

upgrading, as well as providing data services. Manufacturers like RaaS because it requires no upfront costs or huge outlays of

capital.

Equally important, companies can bring a robot in-house and see if it actually makes sense for them to automate workstations or

processes. If it does, they can always decide to purchase a robot later on.

Straddling Success

Last year, Honeywell designed and specified a flexible assembly cell that is

currently used in one plant in Mexico to build fire detection and fire protection

products.
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Building in-house is not without its disadvantages. One is not being able to tap into the automation expertise of machine builders

and systems integrators. Just as important is the objective check-and-balance system that comes with working with these

experts.

“Companies build their automation in-house when it makes sense financially and technologically,” notes Ram Devarajulu, director

of business at Cambridge Consultants’ Boston office. “Because it’s hard to have the deep, multi-disciplinary resources required for

building automation, companies often are forced to look outside for help.”

Founded in 1960 in Cambridge, UK, Cambridge Consultants develops innovative technologies to help customers solve

manufacturing and assembly challenges that cannot be handled by off-the-shelf solutions. It also provides business consultancy

in technology-critical issues for clients worldwide. Customers include major manufacturers in the automotive, aerospace, white

goods, medical, life science, energy and consumer products industries.

“Manufacturing companies sometimes lack expertise in novel sensing, advanced robotics and artificial intelligence (AI) disciplines

when building their automation,” says Devarajulu. “So they hire us to develop the technology they need in those areas. We do so in

a vendor-agnostic way, being fully aware that every automation project is unique and a high-stakes venture for the client.”

Justin Garski, the OEM segment lead at Rockwell Automation, says that many small in-house build teams fabricate three or four

machines per year. He claims that this number is simply not enough runtime to develop a great best practice mechanically or

electrically.

“It also distracts from your core business,” notes Garski. “You will always be doing it for the first time, vs. a machine builder who has

the benefit of a consistent learning curve that comes with repeatable project experience.”

“Both the in-house team and that of the machine builder face a certain amount of risk when building any piece of automation,”

adds Treter. “When it doesn’t work out, troubleshooting the project is always expensive. However, what the machine builders have

in their favor to offset this risk is so much more knowledge about the build process and the approval steps.”

The PLC is a key component in most

automation systems.
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Another drawback of building in-house is potentially exposing the limited automation build knowledge and skills of one or more

engineers or other team members. Tuohy calls this a ‘slippery slope’ that can prove embarrassing and costly to the company if the

current project fails, and undermine its confidence in undertaking future projects.

“Automating a factory isn’t something where you can afford to make guesses,” says Garski. “Having a trusted advisor or subject

matter expert working together with you or on your staff, from start to finish, is truly key to making sure any project is successful.”

When the in-house build isn’t going well, manufacturers need to have a backup plan. Devarajulu says smaller companies are usually

willing to seek outside help quickly, whereas larger companies tend to dig in and try to solve problems internally before realizing

the benefits of working with partners like Cambridge.

“Our involvement begins with a discovery phase, where we find out exactly where they are at in the project and what they want

the final automation to be,” explains Devarajulu. “We do work hard at keeping the good they’ve done. Then we propose what we

can do to improve the project, because staying on their current course will make things even worse.”

According to Garski, it’s not always easy for a manufacturer to bring in a machine builder or integrator to fix things. This is

especially true if the roadblock occurs deep into the project.

“It really depends on the project’s scope,” says Garski. “If you have it divided up into incremental pieces that are easy to modify

and change mid-project, bringing in a third party may be feasible.”

FANUC has worked with many large end-users over the years, with some taking on self-integration projects for various reasons.

Tuohy points out that robots are not easy to handle, and when misapplied, can be dangerous. He adds that consulting an

integrator is always a good idea, and costs nothing for a conversation.

“Early in a project, the build team may have questions amongst themselves about how to make an automation process work,”

acknowledges Treter. “But, it’s only when they reach the real world phase of assembly and testing that they know for sure if

something works.”

“Manufacturers need to exhaust all their build options to accurately determine why the project didn’t go as planned, although

knowing this, unfortunately, doesn’t change the project deadline,” notes Farrell. “Products that were to be made on the planned

automation system still need to be made. These parts could be for a new model car or a medical device the OEM has been

working on for a long time.

“Going to a machine builder or systems integrator for help is understandable in this situation, but it will definitely prove to be very

costly for the manufacturer,” continues Farrell. “This is because the builder or integrator may or may not be able to salvage any

work done in-house, and will then charge for their work on a time and materials basis. Also, they may require all machine changes

be made on the end-user’s plant floor, potentially disrupting other production there.”

Some manufacturers, regardless of their size and resources, never feel the need to build their automation internally. A good

example is Honeywell International Inc., which operates more than 200 manufacturing plants worldwide. The company makes

thousands of products for the aerospace, building technologies, performance materials and technologies, and safety and

productivity markets. From September 2020 to September 2021, the company tallied sales of more than $34.6 billion.

“Late in 2019, we established a companywide Automation Center of Excellence [ACE] program,” explains Jon Hobgood, vice

president of advanced manufacturing and automation at Honeywell. “The program’s main purpose is to establish common

standards and practices for our automation. We design and specify it, but have it built by integrators.”

Hobgood notes that the program began pre-pandemic, and was initiated by company vice president and chief supply chain

officer Torsten Pilz. Its other goals include using more analytics to improve product quality, lower costs, and determine where more

automation makes sense for greater throughput.

Last year, the ACE program lead to the design and specifications for a flexible assembly cell. Many of the cells are currently used in

one plant in Mexico to build fire detection and fire protection products for buildings, although the company plans to eventually

implement many more cells in factories throughout North America.

Assembly processes done in the cell include screwdriving and welding, along with part testing. Specified equipment ranges from

feeders and hand tools, to robots (exclusively FANUC).

“We carefully design each cell using 3D modeling,” concludes Hobgood. “And we define each assembly process for the product

being made to optimize its value.”
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S

ome questions that manufacturers must address have a simple yes or no answer. Others are not so clear cut. A good example

of the latter type is ‘Should we build automation in-house?’

“There are so many variables to consider when deciding whether to build or buy your automation,” says Robert Huschka, vice

president of education strategies at the Association for Advancing Automation (A3). “For example, how much experience have you

had with automation, and have you successfully implemented projects before? Do you have a good understanding of how you will

address the challenges you are attempting to solve, and how complex are those solutions?”

Most manufacturers have three “all-or-some” options when it comes to building automation. Option one is to hire a machine

builder. The second approach is to buy components off the shelf. A third way is to build it internally.

There is a fourth option developing in the marketplace, but it is only available to major OEMs. This approach involves buying one or

more machine builders wholesale to have complete access to their knowledge, experience and expertise.

Tesla and Hitachi America Ltd. have done this in recent years and greatly benefitted. In 2017, Tesla bought Brooklyn Park, MN-

based Perbix and Elgin, IL-based Compass Automation to design, build and service high-volume manufacturing machinery.

Hitachi, meanwhile, completed its acquisition of the robotic systems integration business of Holland, MI-based JR Automation

Technologies LLC in December 2019. The private equity firm Crestview Partners completed the transaction at a cost of $1.425

billion.

This staggering price shows just how valuable and important automation is to manufacturers. They know that, when properly built,

conveyors, pick-and-place systems, robots, cobots, IIoT-connected machinery and other automation can increase throughput,

efficiency, product quality and worker safety.

According to ASSEMBLY magazine’s 26th annual capital equipment spending survey (December 2021), manufacturers, on average,

meet 40 percent of their assembly system needs with equipment built in-house.

Engineers are quite open to taking the build-it-yourself route when turnkey systems don’t cut it. But, they are also wise enough to

know that, without the right game plan, an in-house project can easily turn into an expensive, time-consuming nightmare.

No Place Like Home

This extensive automation setup is built around an

LS280 transfer system. It includes single and

double locking cam sections, 36 custom pallets, six

carrier supports, 20 pick-and-place units, a rotary

table, a custom chassis and a multi-control

package.
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There is no official roadmap a manufacturer must follow to be successful at building automation in-house. But, a good place to

start is carefully determining the level of automation needed for each manufacturing process. Factors to consider include

production volume, quality control, worker safety and ergonomics, availability of skilled labor and budget.

Next, management needs to take an objective look at the project team’s core competencies versus their perceived limitations.

Joshua Treter, general manager of Weiss North America, says that managers need to be honest with themselves about how much

real-world knowledge, experience and expertise each member of their in-house team has with different levels of automation.

“A couple years ago, an engineer for a small manufacturer had trouble connecting our rotary indexing table to a variable frequency

drive,” says Treter. “He tried his best, but still couldn’t figure it out. We had him ship the equipment back to us so we could do the

connection. Upon completion of this basic level of support, we suggested he find a system integrator for the completion of his

company’s automation project.”

Manufacturers that are able to build quality automation equipment in-house gain many benefits. Some of the main ones,

according to Treter, include being able to fully protect intellectual property; maintaining the confidentiality of a new product or a

proprietary assembly process; and using the team’s extensive product knowledge to modify or redesign equipment whenever

necessary.

Cobots, such as this CR-7iA-L model, offer simple

customization and integration, especially for

automated processes that are repetitive.
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The in-house approach fits well with lean manufacturing as well. Lean machine design focuses more on simplifying processes for

maximum reliability, reduced operator skill requirements for ease of operation and the flexibility to process a variety of parts.

Building automation in-house also offers greater control over the design and specification of components. Such decisions are not

left in the hands of a machine builder or systems integrator.

Another factor that needs to be addressed when building internally is the decision-making process. R. Michael Farrell, senior

director of business development and direct sales at Weiss, says that, often, senior management, up to and including the CEO,

looks to guide the process.

“Automation projects are dynamic by nature, a characteristic that increases with complexity,” explains Farrell. “The preferred

approach is for the technical team or staff to do all the research and then present it to the CTO, who, in turn, meets with the CEO

to gain his or her support on how to best handle the building of automation.”

The order in which machines are built and installed will vary from manufacturer to manufacturer, and plant to plant, notes Farrell.

Build time for each machine depends on its complexity and the team’s capabilities. However, the recent COVID-19 pandemic and

its supply chain disruptions have added an extra challenge to the process.

As for installation, Farrell says the team needs to identify early on where equipment will be located. They must also take into

account floor supports and posts.

“Another big challenge that’s often unforeseen is creating system-based data collection, rather than just obtaining data from

each machine via sensors and facility-based data collection,” says Farrell. “Data presented at the station and/or machine level can

slightly change when it’s presented at the system level, causing it to lag behind production. To ensure accurate real-time data

collection, address this issue early in the project.”

Several equipment suppliers are taking steps to help ease the integration process for manufacturers that choose to buy pre-built

automation components. Weiss, for example, makes the LS Hybrid and LS280 linear transfer systems, and the rotary Flex-Dial

Chassis, all of which come to the end-user completely hardwired and pretested to meet the customer’s cycle time.

“These advanced platforms are building blocks that teams can use to jumpstart their automation integration,” explains Treter.

“After getting a platform, the engineers add the tooling, process controls, adapter plates and other components they need—like a

delta or pick-and-place robot—before programming the equipment and plugging it in.”

Cobots offer simple customization and integration, especially for automated processes that are repetitive. John Tuohy, national

account manager at FANUC America Corp., cites hand guidance, icon-based programming and plug-and-play grippers as key

cobot features that allow even small companies to automate simple tasks in as little as 30 minutes.

“Many small to midsize manufacturers take a low-hanging fruit approach to do-it-yourself automation,” notes Tuohy. “They start

out with the goal of simply adding some automation to a fully manual process or building a small cell with one or two automated

processes. Cobots are attractive for these applications because they often require connecting only one or two cables.”

FANUC offers eight models of cobots in its CRX series, with payload ranging from 4 to 35 kilograms and reach from 550 to 1,813

millimeters. For the past several years, a global manufacturer of lawn-maintenance equipment has been operating an internally

built automation system featuring low-payload CRX cobots. Tuohy says the system’s limited production volume didn’t warrant the

expense of hiring a machine builder or integrator for the project.

He notes that the company’s six-axis robots can be used in do-it-yourself automation projects. Tuohy cites the example of a major

furniture manufacturer using large FANUC robots—those with a capacity of 50 to 85 kilograms—to handle plywood sheets and

feed them into various automation systems for cutting, processing and assembly.

Increasingly, manufacturers are renting robots as part of their in-house automation building strategy. This approach, known as

“robotics as a service” (RaaS), allows large and small manufacturers in a wide variety of industries to basically treat robots as temp

workers.

Companies like Ready Robotics Corp. and Hirebotics Inc. lease out their robots as a service, and look after maintenance and

upgrading, as well as providing data services. Manufacturers like RaaS because it requires no upfront costs or huge outlays of

capital.

Equally important, companies can bring a robot in-house and see if it actually makes sense for them to automate workstations or

processes. If it does, they can always decide to purchase a robot later on.

Straddling Success

Last year, Honeywell designed and specified a flexible assembly cell that is

currently used in one plant in Mexico to build fire detection and fire protection

products.
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Building in-house is not without its disadvantages. One is not being able to tap into the automation expertise of machine builders

and systems integrators. Just as important is the objective check-and-balance system that comes with working with these

experts.

“Companies build their automation in-house when it makes sense financially and technologically,” notes Ram Devarajulu, director

of business at Cambridge Consultants’ Boston office. “Because it’s hard to have the deep, multi-disciplinary resources required for

building automation, companies often are forced to look outside for help.”

Founded in 1960 in Cambridge, UK, Cambridge Consultants develops innovative technologies to help customers solve

manufacturing and assembly challenges that cannot be handled by off-the-shelf solutions. It also provides business consultancy

in technology-critical issues for clients worldwide. Customers include major manufacturers in the automotive, aerospace, white

goods, medical, life science, energy and consumer products industries.

“Manufacturing companies sometimes lack expertise in novel sensing, advanced robotics and artificial intelligence (AI) disciplines

when building their automation,” says Devarajulu. “So they hire us to develop the technology they need in those areas. We do so in

a vendor-agnostic way, being fully aware that every automation project is unique and a high-stakes venture for the client.”

Justin Garski, the OEM segment lead at Rockwell Automation, says that many small in-house build teams fabricate three or four

machines per year. He claims that this number is simply not enough runtime to develop a great best practice mechanically or

electrically.

“It also distracts from your core business,” notes Garski. “You will always be doing it for the first time, vs. a machine builder who has

the benefit of a consistent learning curve that comes with repeatable project experience.”

“Both the in-house team and that of the machine builder face a certain amount of risk when building any piece of automation,”

adds Treter. “When it doesn’t work out, troubleshooting the project is always expensive. However, what the machine builders have

in their favor to offset this risk is so much more knowledge about the build process and the approval steps.”

The PLC is a key component in most

automation systems.
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Another drawback of building in-house is potentially exposing the limited automation build knowledge and skills of one or more

engineers or other team members. Tuohy calls this a ‘slippery slope’ that can prove embarrassing and costly to the company if the

current project fails, and undermine its confidence in undertaking future projects.

“Automating a factory isn’t something where you can afford to make guesses,” says Garski. “Having a trusted advisor or subject

matter expert working together with you or on your staff, from start to finish, is truly key to making sure any project is successful.”

When the in-house build isn’t going well, manufacturers need to have a backup plan. Devarajulu says smaller companies are usually

willing to seek outside help quickly, whereas larger companies tend to dig in and try to solve problems internally before realizing

the benefits of working with partners like Cambridge.

“Our involvement begins with a discovery phase, where we find out exactly where they are at in the project and what they want

the final automation to be,” explains Devarajulu. “We do work hard at keeping the good they’ve done. Then we propose what we

can do to improve the project, because staying on their current course will make things even worse.”

According to Garski, it’s not always easy for a manufacturer to bring in a machine builder or integrator to fix things. This is

especially true if the roadblock occurs deep into the project.

“It really depends on the project’s scope,” says Garski. “If you have it divided up into incremental pieces that are easy to modify

and change mid-project, bringing in a third party may be feasible.”

FANUC has worked with many large end-users over the years, with some taking on self-integration projects for various reasons.

Tuohy points out that robots are not easy to handle, and when misapplied, can be dangerous. He adds that consulting an

integrator is always a good idea, and costs nothing for a conversation.

“Early in a project, the build team may have questions amongst themselves about how to make an automation process work,”

acknowledges Treter. “But, it’s only when they reach the real world phase of assembly and testing that they know for sure if

something works.”

“Manufacturers need to exhaust all their build options to accurately determine why the project didn’t go as planned, although

knowing this, unfortunately, doesn’t change the project deadline,” notes Farrell. “Products that were to be made on the planned

automation system still need to be made. These parts could be for a new model car or a medical device the OEM has been

working on for a long time.

“Going to a machine builder or systems integrator for help is understandable in this situation, but it will definitely prove to be very

costly for the manufacturer,” continues Farrell. “This is because the builder or integrator may or may not be able to salvage any

work done in-house, and will then charge for their work on a time and materials basis. Also, they may require all machine changes

be made on the end-user’s plant floor, potentially disrupting other production there.”

Some manufacturers, regardless of their size and resources, never feel the need to build their automation internally. A good

example is Honeywell International Inc., which operates more than 200 manufacturing plants worldwide. The company makes

thousands of products for the aerospace, building technologies, performance materials and technologies, and safety and

productivity markets. From September 2020 to September 2021, the company tallied sales of more than $34.6 billion.

“Late in 2019, we established a companywide Automation Center of Excellence [ACE] program,” explains Jon Hobgood, vice

president of advanced manufacturing and automation at Honeywell. “The program’s main purpose is to establish common

standards and practices for our automation. We design and specify it, but have it built by integrators.”

Hobgood notes that the program began pre-pandemic, and was initiated by company vice president and chief supply chain

officer Torsten Pilz. Its other goals include using more analytics to improve product quality, lower costs, and determine where more

automation makes sense for greater throughput.

Last year, the ACE program lead to the design and specifications for a flexible assembly cell. Many of the cells are currently used in

one plant in Mexico to build fire detection and fire protection products for buildings, although the company plans to eventually

implement many more cells in factories throughout North America.

Assembly processes done in the cell include screwdriving and welding, along with part testing. Specified equipment ranges from

feeders and hand tools, to robots (exclusively FANUC).

“We carefully design each cell using 3D modeling,” concludes Hobgood. “And we define each assembly process for the product

being made to optimize its value.”
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Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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ome questions that manufacturers must address have a simple yes or no answer. Others are not so clear cut. A good example

of the latter type is ‘Should we build automation in-house?’

“There are so many variables to consider when deciding whether to build or buy your automation,” says Robert Huschka, vice

president of education strategies at the Association for Advancing Automation (A3). “For example, how much experience have you

had with automation, and have you successfully implemented projects before? Do you have a good understanding of how you will

address the challenges you are attempting to solve, and how complex are those solutions?”

Most manufacturers have three “all-or-some” options when it comes to building automation. Option one is to hire a machine

builder. The second approach is to buy components off the shelf. A third way is to build it internally.

There is a fourth option developing in the marketplace, but it is only available to major OEMs. This approach involves buying one or

more machine builders wholesale to have complete access to their knowledge, experience and expertise.

Tesla and Hitachi America Ltd. have done this in recent years and greatly benefitted. In 2017, Tesla bought Brooklyn Park, MN-

based Perbix and Elgin, IL-based Compass Automation to design, build and service high-volume manufacturing machinery.

Hitachi, meanwhile, completed its acquisition of the robotic systems integration business of Holland, MI-based JR Automation

Technologies LLC in December 2019. The private equity firm Crestview Partners completed the transaction at a cost of $1.425

billion.

This staggering price shows just how valuable and important automation is to manufacturers. They know that, when properly built,

conveyors, pick-and-place systems, robots, cobots, IIoT-connected machinery and other automation can increase throughput,

efficiency, product quality and worker safety.

According to ASSEMBLY magazine’s 26th annual capital equipment spending survey (December 2021), manufacturers, on average,

meet 40 percent of their assembly system needs with equipment built in-house.

Engineers are quite open to taking the build-it-yourself route when turnkey systems don’t cut it. But, they are also wise enough to

know that, without the right game plan, an in-house project can easily turn into an expensive, time-consuming nightmare.

No Place Like Home

This extensive automation setup is built around an

LS280 transfer system. It includes single and

double locking cam sections, 36 custom pallets, six

carrier supports, 20 pick-and-place units, a rotary

table, a custom chassis and a multi-control

package.
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There is no official roadmap a manufacturer must follow to be successful at building automation in-house. But, a good place to

start is carefully determining the level of automation needed for each manufacturing process. Factors to consider include

production volume, quality control, worker safety and ergonomics, availability of skilled labor and budget.

Next, management needs to take an objective look at the project team’s core competencies versus their perceived limitations.

Joshua Treter, general manager of Weiss North America, says that managers need to be honest with themselves about how much

real-world knowledge, experience and expertise each member of their in-house team has with different levels of automation.

“A couple years ago, an engineer for a small manufacturer had trouble connecting our rotary indexing table to a variable frequency

drive,” says Treter. “He tried his best, but still couldn’t figure it out. We had him ship the equipment back to us so we could do the

connection. Upon completion of this basic level of support, we suggested he find a system integrator for the completion of his

company’s automation project.”

Manufacturers that are able to build quality automation equipment in-house gain many benefits. Some of the main ones,

according to Treter, include being able to fully protect intellectual property; maintaining the confidentiality of a new product or a

proprietary assembly process; and using the team’s extensive product knowledge to modify or redesign equipment whenever

necessary.

Cobots, such as this CR-7iA-L model, offer simple

customization and integration, especially for

automated processes that are repetitive.
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The in-house approach fits well with lean manufacturing as well. Lean machine design focuses more on simplifying processes for

maximum reliability, reduced operator skill requirements for ease of operation and the flexibility to process a variety of parts.

Building automation in-house also offers greater control over the design and specification of components. Such decisions are not

left in the hands of a machine builder or systems integrator.

Another factor that needs to be addressed when building internally is the decision-making process. R. Michael Farrell, senior

director of business development and direct sales at Weiss, says that, often, senior management, up to and including the CEO,

looks to guide the process.

“Automation projects are dynamic  by nature, a characteristic that increases with complexity,” explains Farrell. “The preferred

approach is for the technical team or staff to do all the research and then present it to the CTO, who, in turn, meets with the CEO

to gain his or her support on how to best handle the building of automation.”

The order in which machines are built and installed will vary from manufacturer to manufacturer, and plant to plant, notes Farrell.

Build time for each machine depends on its complexity and the team’s capabilities. However, the recent COVID-19 pandemic and

its supply chain disruptions have added an extra challenge to the process.

As for installation, Farrell says the team needs to identify early on where equipment will be located. They must also take into

account floor supports and posts.

“Another big challenge that’s often unforeseen is creating system-based data collection, rather than just obtaining data from

each machine via sensors and facility-based data collection,” says Farrell. “Data presented at the station and/or machine level can

slightly change when it’s presented at the system level, causing it to lag behind production. To ensure accurate real-time data

collection, address this issue early in the project.”

Several equipment suppliers are taking steps to help ease the integration process for manufacturers that choose to buy pre-built

automation components. Weiss, for example, makes the LS Hybrid and LS280 linear transfer systems, and the rotary Flex-Dial

Chassis, all of which come to the end-user completely hardwired and pretested to meet the customer’s cycle time.

“These advanced platforms are building blocks that teams can use to jumpstart their automation integration,” explains Treter.

“After getting a platform, the engineers add the tooling, process controls, adapter plates and other components they need—like a

delta or pick-and-place robot—before programming the equipment and plugging it in.”

Cobots offer simple customization and integration, especially for automated processes that are repetitive. John Tuohy, national

account manager at FANUC America Corp., cites hand guidance, icon-based programming and plug-and-play grippers as key

cobot features that allow even small companies to automate simple tasks in as little as 30 minutes.

“Many small to midsize manufacturers take a low-hanging fruit approach to do-it-yourself automation,” notes Tuohy. “They start

out with the goal of simply adding some automation to a fully manual process or building a small cell with one or two automated

processes. Cobots are attractive for these applications because they often require connecting only one or two cables.”

FANUC offers eight models of cobots in its CRX series, with payload ranging from 4 to 35 kilograms and reach from 550 to 1,813

millimeters. For the past several years, a global manufacturer of lawn-maintenance equipment has been operating an internally

built automation system featuring low-payload CRX cobots. Tuohy says the system’s limited production volume didn’t warrant the

expense of hiring a machine builder or integrator for the project.

He notes that the company’s six-axis robots can be used in do-it-yourself automation projects. Tuohy cites the example of a major

furniture manufacturer using large FANUC robots—those with a capacity of 50 to 85 kilograms—to handle plywood sheets and

feed them into various automation systems for cutting, processing and assembly.

Increasingly, manufacturers are renting robots as part of their in-house automation building strategy. This approach, known as

“robotics as a service” (RaaS), allows large and small manufacturers in a wide variety of industries to basically treat robots as temp

workers.

Companies like Ready Robotics Corp. and Hirebotics Inc. lease out their robots as a service, and look after maintenance and

upgrading, as well as providing data services. Manufacturers like RaaS because it requires no upfront costs or huge outlays of

capital.

Equally important, companies can bring a robot in-house and see if it actually makes sense for them to automate workstations or

processes. If it does, they can always decide to purchase a robot later on.

Straddling Success

Last year, Honeywell designed and specified a flexible assembly cell that is

currently used in one plant in Mexico to build fire detection and fire protection

products.
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Building in-house is not without its disadvantages. One is not being able to tap into the automation expertise of machine builders

and systems integrators. Just as important is the objective check-and-balance system that comes with working with these

experts.

“Companies build their automation in-house when it makes sense financially and technologically,” notes Ram Devarajulu, director

of business at Cambridge Consultants’ Boston office. “Because it’s hard to have the deep, multi-disciplinary resources required for

building automation, companies often are forced to look outside for help.”

Founded in 1960 in Cambridge, UK, Cambridge Consultants develops innovative technologies to help customers solve

manufacturing and assembly challenges that cannot be handled by off-the-shelf solutions. It also provides business consultancy

in technology-critical issues for clients worldwide. Customers include major manufacturers in the automotive, aerospace, white

goods, medical, life science, energy and consumer products industries.

“Manufacturing companies sometimes lack expertise in novel sensing, advanced robotics and artificial intelligence (AI) disciplines

when building their automation,” says Devarajulu. “So they hire us to develop the technology they need in those areas. We do so in

a vendor-agnostic way, being fully aware that every automation project is unique and a high-stakes venture for the client.”

Justin Garski, the OEM segment lead at Rockwell Automation, says that many small in-house build teams fabricate three or four

machines per year. He claims that this number is simply not enough runtime to develop a great best practice mechanically or

electrically.

“It also distracts from your core business,” notes Garski. “You will always be doing it for the first time, vs. a machine builder who has

the benefit of a consistent learning curve that comes with repeatable project experience.”

“Both the in-house team and that of the machine builder face a certain amount of risk when building any piece of automation,”

adds Treter. “When it doesn’t work out, troubleshooting the project is always expensive. However, what the machine builders have

in their favor to offset this risk is so much more knowledge about the build process and the approval steps.”

The PLC is a key component in most

automation systems.
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Another drawback of building in-house is potentially exposing the limited automation build knowledge and skills of one or more

engineers or other team members. Tuohy calls this a ‘slippery slope’ that can prove embarrassing and costly to the company if the

current project fails, and undermine its confidence in undertaking future projects.

“Automating a factory isn’t something where you can afford to make guesses,” says Garski. “Having a trusted advisor or subject

matter expert working together with you or on your staff, from start to finish, is truly key to making sure any project is successful.”

When the in-house build isn’t going well, manufacturers need to have a backup plan. Devarajulu says smaller companies are usually

willing to seek outside help quickly, whereas larger companies tend to dig in and try to solve problems internally before realizing

the benefits of working with partners like Cambridge.

“Our involvement begins with a discovery phase, where we find out exactly where they are at in the project and what they want

the final automation to be,” explains Devarajulu. “We do work hard at keeping the good they’ve done. Then we propose what we

can do to improve the project, because staying on their current course will make things even worse.”

According to Garski, it’s not always easy for a manufacturer to bring in a machine builder or integrator to fix things. This is

especially true if the roadblock occurs deep into the project.

“It really depends on the project’s scope,” says Garski. “If you have it divided up into incremental pieces that are easy to modify

and change mid-project, bringing in a third party may be feasible.”

FANUC has worked with many large end-users over the years, with some taking on self-integration projects for various reasons.

Tuohy points out that robots are not easy to handle, and when misapplied, can be dangerous. He adds that consulting an

integrator is always a good idea, and costs nothing for a conversation.

“Early in a project, the build team may have questions amongst themselves about how to make an automation process work,”

 acknowledges Treter. “But, it’s only when they reach the real world phase of assembly and testing that they know for sure if

something works.”

“Manufacturers need to exhaust all their build options to accurately determine why the project didn’t go as planned, although

knowing this, unfortunately, doesn’t change the project deadline,” notes Farrell. “Products that were to be made on the planned

automation system still need to be made. These parts could be for a new model car or a medical device the OEM has been

working on for a long time.

“Going to a machine builder or systems integrator for help is understandable in this situation, but it will definitely prove to be very

costly for the manufacturer,” continues Farrell. “This is because the builder or integrator may or may not be able to salvage any

work done in-house, and will then charge for their work on a time and materials basis. Also, they may require all machine changes

be made on the end-user’s plant floor, potentially disrupting other production there.”

Some manufacturers, regardless of their size and resources, never feel the need to build their automation internally. A good

example is Honeywell International Inc., which operates more than 200 manufacturing plants worldwide. The company makes

thousands of products for the aerospace, building technologies, performance materials and technologies, and safety and

productivity markets. From September 2020 to September 2021, the company tallied sales of more than $34.6 billion.

“Late in 2019, we established a companywide Automation Center of Excellence [ACE] program,” explains Jon Hobgood, vice

president of advanced manufacturing and automation at Honeywell. “The program’s main purpose is to establish common

standards and practices for our automation. We design and specify it, but have it built by integrators.”

Hobgood notes that the program began pre-pandemic, and was initiated by company vice president and chief supply chain

officer Torsten Pilz. Its other goals include using more analytics to improve product quality, lower costs, and determine where more

automation makes sense for greater throughput.

Last year, the ACE program lead to the design and specifications for a flexible assembly cell. Many of the cells are currently used in

one plant in Mexico to build fire detection and fire protection products for buildings, although the company plans to eventually

implement many more cells in factories throughout North America.

Assembly processes done in the cell include screwdriving and welding, along with part testing. Specified equipment ranges from

feeders and hand tools, to robots (exclusively FANUC).

“We carefully design each cell using 3D modeling,” concludes Hobgood. “And we define each assembly process for the product

being made to optimize its value.”
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Greater process control, lower

setup costs and simple equipment

programming make it easier than

ever for manufacturers to build

their automation in-house rather

than hire a machine builder.

Inside or Outside?

Cambridge Consultants develops

innovative technologies to solve

manufacturing and assembly challenges

that can't be handled by off-the-shelf

solutions.
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S

ome questions that manufacturers must address have a simple yes or no answer. Others are not so clear cut. A good example

of the latter type is ‘Should we build automation in-house?’

“There are so many variables to consider when deciding whether to build or buy your automation,” says Robert Huschka, vice

president of education strategies at the Association for Advancing Automation (A3). “For example, how much experience have you

had with automation, and have you successfully implemented projects before? Do you have a good understanding of how you will

address the challenges you are attempting to solve, and how complex are those solutions?”

Most manufacturers have three “all-or-some” options when it comes to building automation. Option one is to hire a machine

builder. The second approach is to buy components off the shelf. A third way is to build it internally.

There is a fourth option developing in the marketplace, but it is only available to major OEMs. This approach involves buying one or

more machine builders wholesale to have complete access to their knowledge, experience and expertise.

Tesla and Hitachi America Ltd. have done this in recent years and greatly benefitted. In 2017, Tesla bought Brooklyn Park, MN-

based Perbix and Elgin, IL-based Compass Automation to design, build and service high-volume manufacturing machinery.

Hitachi, meanwhile, completed its acquisition of the robotic systems integration business of Holland, MI-based JR Automation

Technologies LLC in December 2019. The private equity firm Crestview Partners completed the transaction at a cost of $1.425

billion.

This staggering price shows just how valuable and important automation is to manufacturers. They know that, when properly built,

conveyors, pick-and-place systems, robots, cobots, IIoT-connected machinery and other automation can increase throughput,

efficiency, product quality and worker safety.

According to ASSEMBLY magazine’s 26th annual capital equipment spending survey (December 2021), manufacturers, on average,

meet 40 percent of their assembly system needs with equipment built in-house.

Engineers are quite open to taking the build-it-yourself route when turnkey systems don’t cut it. But, they are also wise enough to

know that, without the right game plan, an in-house project can easily turn into an expensive, time-consuming nightmare.

No Place Like Home

This extensive automation setup is built around an

LS280 transfer system. It includes single and

double locking cam sections, 36 custom pallets, six

carrier supports, 20 pick-and-place units, a rotary

table, a custom chassis and a multi-control

package.
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There is no official roadmap a manufacturer must follow to be successful at building automation in-house. But, a good place to

start is carefully determining the level of automation needed for each manufacturing process. Factors to consider include

production volume, quality control, worker safety and ergonomics, availability of skilled labor and budget.

Next, management needs to take an objective look at the project team’s core competencies versus their perceived limitations.

Joshua Treter, general manager of Weiss North America, says that managers need to be honest with themselves about how much

real-world knowledge, experience and expertise each member of their in-house team has with different levels of automation.

“A couple years ago, an engineer for a small manufacturer had trouble connecting our rotary indexing table to a variable frequency

drive,” says Treter. “He tried his best, but still couldn’t figure it out. We had him ship the equipment back to us so we could do the

connection. Upon completion of this basic level of support, we suggested he find a system integrator for the completion of his

company’s automation project.”

Manufacturers that are able to build quality automation equipment in-house gain many benefits. Some of the main ones,

according to Treter, include being able to fully protect intellectual property; maintaining the confidentiality of a new product or a

proprietary assembly process; and using the team’s extensive product knowledge to modify or redesign equipment whenever

necessary.

Cobots, such as this CR-7iA-L model, offer simple

customization and integration, especially for

automated processes that are repetitive.
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The in-house approach fits well with lean manufacturing as well. Lean machine design focuses more on simplifying processes for

maximum reliability, reduced operator skill requirements for ease of operation and the flexibility to process a variety of parts.

Building automation in-house also offers greater control over the design and specification of components. Such decisions are not

left in the hands of a machine builder or systems integrator.

Another factor that needs to be addressed when building internally is the decision-making process. R. Michael Farrell, senior

director of business development and direct sales at Weiss, says that, often, senior management, up to and including the CEO,

looks to guide the process.

“Automation projects are dynamic by nature, a characteristic that increases with complexity,” explains Farrell. “The preferred

approach is for the technical team or staff to do all the research and then present it to the CTO, who, in turn, meets with the CEO

to gain his or her support on how to best handle the building of automation.”

The order in which machines are built and installed will vary from manufacturer to manufacturer, and plant to plant, notes Farrell.

Build time for each machine depends on its complexity and the team’s capabilities. However, the recent COVID-19 pandemic and

its supply chain disruptions have added an extra challenge to the process.

As for installation, Farrell says the team needs to identify early on where equipment will be located. They must also take into

account floor supports and posts.

“Another big challenge that’s often unforeseen is creating system-based data collection, rather than just obtaining data from

each machine via sensors and facility-based data collection,” says Farrell. “Data presented at the station and/or machine level can

slightly change when it’s presented at the system level, causing it to lag behind production. To ensure accurate real-time data

collection, address this issue early in the project.”

Several equipment suppliers are taking steps to help ease the integration process for manufacturers that choose to buy pre-built

automation components. Weiss, for example, makes the LS Hybrid and LS280 linear transfer systems, and the rotary Flex-Dial

Chassis, all of which come to the end-user completely hardwired and pretested to meet the customer’s cycle time.

“These advanced platforms are building blocks that teams can use to jumpstart their automation integration,” explains Treter.

“After getting a platform, the engineers add the tooling, process controls, adapter plates and other components they need—like a

delta or pick-and-place robot—before programming the equipment and plugging it in.”

Cobots offer simple customization and integration, especially for automated processes that are repetitive. John Tuohy, national

account manager at FANUC America Corp., cites hand guidance, icon-based programming and plug-and-play grippers as key

cobot features that allow even small companies to automate simple tasks in as little as 30 minutes.

“Many small to midsize manufacturers take a low-hanging fruit approach to do-it-yourself automation,” notes Tuohy. “They start

out with the goal of simply adding some automation to a fully manual process or building a small cell with one or two automated

processes. Cobots are attractive for these applications because they often require connecting only one or two cables.”

FANUC offers eight models of cobots in its CRX series, with payload ranging from 4 to 35 kilograms and reach from 550 to 1,813

millimeters. For the past several years, a global manufacturer of lawn-maintenance equipment has been operating an internally

built automation system featuring low-payload CRX cobots. Tuohy says the system’s limited production volume didn’t warrant the

expense of hiring a machine builder or integrator for the project.

He notes that the company’s six-axis robots can be used in do-it-yourself automation projects. Tuohy cites the example of a major

furniture manufacturer using large FANUC robots—those with a capacity of 50 to 85 kilograms—to handle plywood sheets and

feed them into various automation systems for cutting, processing and assembly.

Increasingly, manufacturers are renting robots as part of their in-house automation building strategy. This approach, known as

“robotics as a service” (RaaS), allows large and small manufacturers in a wide variety of industries to basically treat robots as temp

workers.

Companies like Ready Robotics Corp. and Hirebotics Inc. lease out their robots as a service, and look after maintenance and

upgrading, as well as providing data services. Manufacturers like RaaS because it requires no upfront costs or huge outlays of

capital.

Equally important, companies can bring a robot in-house and see if it actually makes sense for them to automate workstations or

processes. If it does, they can always decide to purchase a robot later on.

Straddling Success

Last year, Honeywell designed and specified a flexible assembly cell that is

currently used in one plant in Mexico to build fire detection and fire protection

products.
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Building in-house is not without its disadvantages. One is not being able to tap into the automation expertise of machine builders

and systems integrators. Just as important is the objective check-and-balance system that comes with working with these

experts.

“Companies build their automation in-house when it makes sense financially and technologically,” notes Ram Devarajulu, director

of business at Cambridge Consultants’ Boston office. “Because it’s hard to have the deep, multi-disciplinary resources required for

building automation, companies often are forced to look outside for help.”

Founded in 1960 in Cambridge, UK, Cambridge Consultants develops innovative technologies to help customers solve

manufacturing and assembly challenges that cannot be handled by off-the-shelf solutions. It also provides business consultancy

in technology-critical issues for clients worldwide. Customers include major manufacturers in the automotive, aerospace, white

goods, medical, life science, energy and consumer products industries.

“Manufacturing companies sometimes lack expertise in novel sensing, advanced robotics and artificial intelligence (AI) disciplines

when building their automation,” says Devarajulu. “So they hire us to develop the technology they need in those areas. We do so in

a vendor-agnostic way, being fully aware that every automation project is unique and a high-stakes venture for the client.”

Justin Garski, the OEM segment lead at Rockwell Automation, says that many small in-house build teams fabricate three or four

machines per year. He claims that this number is simply not enough runtime to develop a great best practice mechanically or

electrically.

“It also distracts from your core business,” notes Garski. “You will always be doing it for the first time, vs. a machine builder who has

the benefit of a consistent learning curve that comes with repeatable project experience.”

“Both the in-house team and that of the machine builder face a certain amount of risk when building any piece of automation,”

adds Treter. “When it doesn’t work out, troubleshooting the project is always expensive. However, what the machine builders have

in their favor to offset this risk is so much more knowledge about the build process and the approval steps.”

The PLC is a key component in most

automation systems.
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Another drawback of building in-house is potentially exposing the limited automation build knowledge and skills of one or more

engineers or other team members. Tuohy calls this a ‘slippery slope’ that can prove embarrassing and costly to the company if the

current project fails, and undermine its confidence in undertaking future projects.

“Automating a factory isn’t something where you can afford to make guesses,” says Garski. “Having a trusted advisor or subject

matter expert working together with you or on your staff, from start to finish, is truly key to making sure any project is successful.”

When the in-house build isn’t going well, manufacturers need to have a backup plan. Devarajulu says smaller companies are usually

willing to seek outside help quickly, whereas larger companies tend to dig in and try to solve problems internally before realizing

the benefits of working with partners like Cambridge.

“Our involvement begins with a discovery phase, where we find out exactly where they are at in the project and what they want

the final automation to be,” explains Devarajulu. “We do work hard at keeping the good they’ve done. Then we propose what we

can do to improve the project, because staying on their current course will make things even worse.”

According to Garski, it’s not always easy for a manufacturer to bring in a machine builder or integrator to fix things. This is

especially true if the roadblock occurs deep into the project.

“It really depends on the project’s scope,” says Garski. “If you have it divided up into incremental pieces that are easy to modify

and change mid-project, bringing in a third party may be feasible.”

FANUC has worked with many large end-users over the years, with some taking on self-integration projects for various reasons.

Tuohy points out that robots are not easy to handle, and when misapplied, can be dangerous. He adds that consulting an

integrator is always a good idea, and costs nothing for a conversation.

“Early in a project, the build team may have questions amongst themselves about how to make an automation process work,”

acknowledges Treter. “But, it’s only when they reach the real world phase of assembly and testing that they know for sure if

something works.”

“Manufacturers need to exhaust all their build options to accurately determine why the project didn’t go as planned, although

knowing this, unfortunately, doesn’t change the project deadline,” notes Farrell. “Products that were to be made on the planned

automation system still need to be made. These parts could be for a new model car or a medical device the OEM has been

working on for a long time.

“Going to a machine builder or systems integrator for help is understandable in this situation, but it will definitely prove to be very

costly for the manufacturer,” continues Farrell. “This is because the builder or integrator may or may not be able to salvage any

work done in-house, and will then charge for their work on a time and materials basis. Also, they may require all machine changes

be made on the end-user’s plant floor, potentially disrupting other production there.”

Some manufacturers, regardless of their size and resources, never feel the need to build their automation internally. A good

example is Honeywell International Inc., which operates more than 200 manufacturing plants worldwide. The company makes

thousands of products for the aerospace, building technologies, performance materials and technologies, and safety and

productivity markets. From September 2020 to September 2021, the company tallied sales of more than $34.6 billion.

“Late in 2019, we established a companywide Automation Center of Excellence [ACE] program,” explains Jon Hobgood, vice

president of advanced manufacturing and automation at Honeywell. “The program’s main purpose is to establish common

standards and practices for our automation. We design and specify it, but have it built by integrators.”

Hobgood notes that the program began pre-pandemic, and was initiated by company vice president and chief supply chain

officer Torsten Pilz. Its other goals include using more analytics to improve product quality, lower costs, and determine where more

automation makes sense for greater throughput.

Last year, the ACE program lead to the design and specifications for a flexible assembly cell. Many of the cells are currently used in

one plant in Mexico to build fire detection and fire protection products for buildings, although the company plans to eventually

implement many more cells in factories throughout North America.

Assembly processes done in the cell include screwdriving and welding, along with part testing. Specified equipment ranges from

feeders and hand tools, to robots (exclusively FANUC).

“We carefully design each cell using 3D modeling,” concludes Hobgood. “And we define each assembly process for the product

being made to optimize its value.”
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Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Greater process control, lower

setup costs and simple equipment

programming make it easier than

ever for manufacturers to build

their automation in-house rather

than hire a machine builder.

Inside or Outside?

Cambridge Consultants develops

innovative technologies to  solve

manufacturing and assembly challenges

that can't be handled by off-the-shelf

solutions.
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S

ome questions that manufacturers must address have a simple yes or no answer. Others are not so clear cut. A good example

of the latter type is ‘Should we build automation in-house?’

“There are so many variables to consider when deciding whether to build or buy your automation,” says Robert Huschka, vice

president of education strategies at the Association for Advancing Automation (A3). “For example, how much experience have you

had with automation, and have you successfully implemented projects before? Do you have a good understanding of how you will

address the challenges you are attempting to solve, and how complex are those solutions?”

Most manufacturers have three “all-or-some” options when it comes to building automation. Option one is to hire a machine

builder. The second approach is to buy components off the shelf. A third way is to build it internally.

There is a fourth option developing in the marketplace, but it is only available to major OEMs. This approach involves buying one or

more machine builders wholesale to have complete access to their knowledge, experience and expertise.

Tesla and Hitachi America Ltd. have done this in recent years and greatly benefitted. In 2017, Tesla bought Brooklyn Park, MN-

based Perbix and Elgin, IL-based Compass Automation to design, build and service high-volume manufacturing machinery.

Hitachi, meanwhile, completed its acquisition of the robotic systems integration business of Holland, MI-based JR Automation

Technologies LLC in December 2019. The private equity firm Crestview Partners completed the transaction at a cost of $1.425

billion.

This staggering price shows just how valuable and important automation is to manufacturers. They know that, when properly built,

conveyors, pick-and-place systems, robots, cobots, IIoT-connected machinery and other automation can increase throughput,

efficiency, product quality and worker safety.

According to ASSEMBLY magazine’s 26th annual capital equipment spending survey (December 2021), manufacturers, on average,

meet 40 percent of their assembly system needs with equipment built in-house.

Engineers are quite open to taking the build-it-yourself route when turnkey systems don’t cut it. But, they are also wise enough to

know that, without the right game plan, an in-house project can easily turn into an expensive, time-consuming nightmare.

No Place Like Home

This extensive automation setup is built around an

LS280 transfer system. It includes single and

double locking cam sections, 36 custom pallets, six

carrier supports, 20 pick-and-place units, a rotary

table, a custom chassis and a multi-control

package.
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There is no official roadmap a manufacturer must follow to be successful at building automation in-house. But, a good place to

start is carefully determining the level of automation needed for each manufacturing process. Factors to consider include

production volume, quality control, worker safety and ergonomics, availability of skilled labor and budget.

Next, management needs to take an objective look at the project team’s core competencies versus their perceived limitations.

Joshua Treter, general manager of Weiss North America, says that managers need to be honest with themselves about how much

real-world knowledge, experience and expertise each member of their in-house team has with different levels of automation.

“A couple years ago, an engineer for a small manufacturer had trouble connecting our rotary indexing table to a variable frequency

drive,” says Treter. “He tried his best, but still couldn’t figure it out. We had him ship the equipment back to us so we could do the

connection. Upon completion of this basic level of support, we suggested he find a system integrator for the completion of his

company’s automation project.”

Manufacturers that are able to build quality automation equipment in-house gain many benefits. Some of the main ones,

according to Treter, include being able to fully protect intellectual property; maintaining the confidentiality of a new product or a

proprietary assembly process; and using the team’s extensive product knowledge to modify or redesign equipment whenever

necessary.

Cobots, such as this CR-7iA-L model, offer simple

customization and integration, especially for

automated processes that are repetitive.

Photo courtesy FANUC America Corp.

The in-house approach fits well with lean manufacturing as well. Lean machine design focuses more on simplifying processes for

maximum reliability, reduced operator skill requirements for ease of operation and the flexibility to process a variety of parts.

Building automation in-house also offers greater control over the design and specification of components. Such decisions are not

left in the hands of a machine builder or systems integrator.

Another factor that needs to be addressed when building internally is the decision-making process. R. Michael Farrell, senior

director of business development and direct sales at Weiss, says that, often, senior management, up to and including the CEO,

looks to guide the process.

“Automation projects are dynamic  by nature, a characteristic that increases with complexity,” explains Farrell. “The preferred

approach is for the technical team or staff to do all the research and then present it to the CTO, who, in turn, meets with the CEO

to gain his or her support on how to best handle the building of automation.”

The order in which machines are built and installed will vary from manufacturer to manufacturer, and plant to plant, notes Farrell.

Build time for each machine depends on its complexity and the team’s capabilities. However, the recent COVID-19 pandemic and

its supply chain disruptions have added an extra challenge to the process.

As for installation, Farrell says the team needs to identify early on where equipment will be located. They must also take into

account floor supports and posts.

“Another big challenge that’s often unforeseen is creating system-based data collection, rather than just obtaining data from

each machine via sensors and facility-based data collection,” says Farrell. “Data presented at the station and/or machine level can

slightly change when it’s presented at the system level, causing it to lag behind production. To ensure accurate real-time data

collection, address this issue early in the project.”

Several equipment suppliers are taking steps to help ease the integration process for manufacturers that choose to buy pre-built

automation components. Weiss, for example, makes the LS Hybrid and LS280 linear transfer systems, and the rotary Flex-Dial

Chassis, all of which come to the end-user completely hardwired and pretested to meet the customer’s cycle time.

“These advanced platforms are building blocks that teams can use to jumpstart their automation integration,” explains Treter.

“After getting a platform, the engineers add the tooling, process controls, adapter plates and other components they need—like a

delta or pick-and-place robot—before programming the equipment and plugging it in.”

Cobots offer simple customization and integration, especially for automated processes that are repetitive. John Tuohy, national

account manager at FANUC America Corp., cites hand guidance, icon-based programming and plug-and-play grippers as key

cobot features that allow even small companies to automate simple tasks in as little as 30 minutes.

“Many small to midsize manufacturers take a low-hanging fruit approach to do-it-yourself automation,” notes Tuohy. “They start

out with the goal of simply adding some automation to a fully manual process or building a small cell with one or two automated

processes. Cobots are attractive for these applications because they often require connecting only one or two cables.”

FANUC offers eight models of cobots in its CRX series, with payload ranging from 4 to 35 kilograms and reach from 550 to 1,813

millimeters. For the past several years, a global manufacturer of lawn-maintenance equipment has been operating an internally

built automation system featuring low-payload CRX cobots. Tuohy says the system’s limited production volume didn’t warrant the

expense of hiring a machine builder or integrator for the project.

He notes that the company’s six-axis robots can be used in do-it-yourself automation projects. Tuohy cites the example of a major

furniture manufacturer using large FANUC robots—those with a capacity of 50 to 85 kilograms—to handle plywood sheets and

feed them into various automation systems for cutting, processing and assembly.

Increasingly, manufacturers are renting robots as part of their in-house automation building strategy. This approach, known as

“robotics as a service” (RaaS), allows large and small manufacturers in a wide variety of industries to basically treat robots as temp

workers.

Companies like Ready Robotics Corp. and Hirebotics Inc. lease out their robots as a service, and look after maintenance and

upgrading, as well as providing data services. Manufacturers like RaaS because it requires no upfront costs or huge outlays of

capital.

Equally important, companies can bring a robot in-house and see if it actually makes sense for them to automate workstations or

processes. If it does, they can always decide to purchase a robot later on.

Straddling Success

Last year, Honeywell designed and specified a flexible assembly cell that is

currently used in one plant in Mexico to build fire detection and fire protection

products.
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Building in-house is not without its disadvantages. One is not being able to tap into the automation expertise of machine builders

and systems integrators. Just as important is the objective check-and-balance system that comes with working with these

experts.

“Companies build their automation in-house when it makes sense financially and technologically,” notes Ram Devarajulu, director

of business at Cambridge Consultants’ Boston office. “Because it’s hard to have the deep, multi-disciplinary resources required for

building automation, companies often are forced to look outside for help.”

Founded in 1960 in Cambridge, UK, Cambridge Consultants develops innovative technologies to help customers solve

manufacturing and assembly challenges that cannot be handled by off-the-shelf solutions. It also provides business consultancy

in technology-critical issues for clients worldwide. Customers include major manufacturers in the automotive, aerospace, white

goods, medical, life science, energy and consumer products industries.

“Manufacturing companies sometimes lack expertise in novel sensing, advanced robotics and artificial intelligence (AI) disciplines

when building their automation,” says Devarajulu. “So they hire us to develop the technology they need in those areas. We do so in

a vendor-agnostic way, being fully aware that every automation project is unique and a high-stakes venture for the client.”

Justin Garski, the OEM segment lead at Rockwell Automation, says that many small in-house build teams fabricate three or four

machines per year. He claims that this number is simply not enough runtime to develop a great best practice mechanically or

electrically.

“It also distracts from your core business,” notes Garski. “You will always be doing it for the first time, vs. a machine builder who has

the benefit of a consistent learning curve that comes with repeatable project experience.”

“Both the in-house team and that of the machine builder face a certain amount of risk when building any piece of automation,”

adds Treter. “When it doesn’t work out, troubleshooting the project is always expensive. However, what the machine builders have

in their favor to offset this risk is so much more knowledge about the build process and the approval steps.”

The PLC is a key component in most

automation systems.
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Another drawback of building in-house is potentially exposing the limited automation build knowledge and skills of one or more

engineers or other team members. Tuohy calls this a ‘slippery slope’ that can prove embarrassing and costly to the company if the

current project fails, and undermine its confidence in undertaking future projects.

“Automating a factory isn’t something where you can afford to make guesses,” says Garski. “Having a trusted advisor or subject

matter expert working together with you or on your staff, from start to finish, is truly key to making sure any project is successful.”

When the in-house build isn’t going well, manufacturers need to have a backup plan. Devarajulu says smaller companies are usually

willing to seek outside help quickly, whereas larger companies tend to dig in and try to solve problems internally before realizing

the benefits of working with partners like Cambridge.

“Our involvement begins with a discovery phase, where we find out exactly where they are at in the project and what they want

the final automation to be,” explains Devarajulu. “We do work hard at keeping the good they’ve done. Then we propose what we

can do to improve the project, because staying on their current course will make things even worse.”

According to Garski, it’s not always easy for a manufacturer to bring in a machine builder or integrator to fix things. This is

especially true if the roadblock occurs deep into the project.

“It really depends on the project’s scope,” says Garski. “If you have it divided up into incremental pieces that are easy to modify

and change mid-project, bringing in a third party may be feasible.”

FANUC has worked with many large end-users over the years, with some taking on self-integration projects for various reasons.

Tuohy points out that robots are not easy to handle, and when misapplied, can be dangerous. He adds that consulting an

integrator is always a good idea, and costs nothing for a conversation.

“Early in a project, the build team may have questions amongst themselves about how to make an automation process work,”

 acknowledges Treter. “But, it’s only when they reach the real world phase of assembly and testing that they know for sure if

something works.”

“Manufacturers need to exhaust all their build options to accurately determine why the project didn’t go as planned, although

knowing this, unfortunately, doesn’t change the project deadline,” notes Farrell. “Products that were to be made on the planned

automation system still need to be made. These parts could be for a new model car or a medical device the OEM has been

working on for a long time.

“Going to a machine builder or systems integrator for help is understandable in this situation, but it will definitely prove to be very

costly for the manufacturer,” continues Farrell. “This is because the builder or integrator may or may not be able to salvage any

work done in-house, and will then charge for their work on a time and materials basis. Also, they may require all machine changes

be made on the end-user’s plant floor, potentially disrupting other production there.”

Some manufacturers, regardless of their size and resources, never feel the need to build their automation internally. A good

example is Honeywell International Inc., which operates more than 200 manufacturing plants worldwide. The company makes

thousands of products for the aerospace, building technologies, performance materials and technologies, and safety and

productivity markets. From September 2020 to September 2021, the company tallied sales of more than $34.6 billion.

“Late in 2019, we established a companywide Automation Center of Excellence [ACE] program,” explains Jon Hobgood, vice

president of advanced manufacturing and automation at Honeywell. “The program’s main purpose is to establish common

standards and practices for our automation. We design and specify it, but have it built by integrators.”

Hobgood notes that the program began pre-pandemic, and was initiated by company vice president and chief supply chain

officer Torsten Pilz. Its other goals include using more analytics to improve product quality, lower costs, and determine where more

automation makes sense for greater throughput.

Last year, the ACE program lead to the design and specifications for a flexible assembly cell. Many of the cells are currently used in

one plant in Mexico to build fire detection and fire protection products for buildings, although the company plans to eventually

implement many more cells in factories throughout North America.

Assembly processes done in the cell include screwdriving and welding, along with part testing. Specified equipment ranges from

feeders and hand tools, to robots (exclusively FANUC).

“We carefully design each cell using 3D modeling,” concludes Hobgood. “And we define each assembly process for the product

being made to optimize its value.”
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Production ‘pain points’ should be

identi�ed and well documented.

Justifying Investment
in Automation

Industry 4.0 technology has made it

easier for manufacturers to automate

production processes that have

traditionally involved manual work.
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ustifying automation has never been easier. The Covid pandemic, coupled with a severe worker shortage, a widening skills gap

and the “great resignation,” has increased demand for automated guided vehicles, conveyors, robots and other types of

equipment.

Industry 4.0 technology, such as artificial intelligence, augmented reality and data analytics, has also made it easier for

manufacturers to automate production processes that have traditionally involved manual work.

Today, the upfront costs related to automation are lower than in the past. Traditional barriers to automation have fallen. Factory

automation has become more accessible, easier to implement and more flexible.

However, some manufacturers still hesitate to automate due to concerns over cost, complexity, employee anxiety or return on

investment. Any investments in automation need to be carefully justified by engineers.

“In the old days, it was all about labor reduction,” says Joe Campbell, senior manager of strategic marketing and applications

development at Universal Robots A/S (UR). “That was the only way you justified a project. Now, there’s a lot more focus on

connecting automation to business problems. It’s less about saving labor and more about freeing labor up to work on higher value

processes.

“There’s also a big quality component,” notes Campbell. “More companies realize that if they can’t boost quality or increase their

capacity sufficiently to continue to meet their customer’s needs, they’re at risk of losing that customer.

Factory automation has become more accessible,

easier to implement and more flexible.
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“Justifying big multimillion investments is still a difficult challenge for engineers, but it’s becoming very straightforward for

incremental investments,” claims Campbell.

According to Jon Van Wyck, managing director and partner at the Boston Consulting Group Inc., there’s been a fundamental shift

in how manufacturers regard automation. “More and more, companies are looking at factors such as ergonomics, quality and yield

to justify automation instead of just labor costs,” he points out.

“Typically, manufacturers invest in robotics to address issues related to accuracy, repetitive tasks and safety,” adds Tim Paton,

general industrial and electronics operations manager at ABB Robotics. “The biggest mistake someone can make is thinking of

automation as only a manpower reduction opportunity.

“If you go in with that kind of a mindset, you’ll miss out on a lot of the benefits that come from investing in automation,” warns

Paton. “It’s no longer just about replacing humans with machines. It’s more about doing things more efficiently and more

effectively, while increasing product quality.”

Traditionally, automation was designed for repetitive manufacturing operations with few human workers in the loop. In contrast,

today’s focus on collaborative automation is designed with the notion of working “next to” vs. “instead of” a human worker.

“This makes cobots ideal for short-run, variable processes where they can help a human worker complete a task more efficiently

and effectively,” says UR’s Campbell. “This fundamental change requires a new model that is less focused on labor avoidance.

Understanding the differences between collaborative and traditional automation is an important basis for this new model.”

The ROI Model Has Changed

Collaborative robots are commonly used for bin

picking and machine tending applications.
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As businesses around the globe navigate the repercussions of COVID-19 and supply chain interruptions, automation has emerged

as a critical strategy to ensure business continuity. With an uncertain economic future, making effective return-on-investment

(ROI) calculations has become more important than ever.

“Automation project decisions are complex,” says Campbell. “Deployment risk, operational risk, ongoing maintenance requirements

and worker anxiety must be weighed against the flexibility, scalability, cost avoidance and occupational health benefits of

automation. With all the factors to be considered, typical ROI tools used to make these decisions can feel inadequate.

“Traditional ROI and break-even point analyses are easy to understand, but only account for labor cost savings using static, long-

term assumptions to measure expected outcomes,” warns Campbell. “In today’s volatile business environment, these methods can

lead decision-makers to an outcome that is inconsistent with strategic objectives or that is tied to unrealistic expectations of

business stability.

Some manufacturers hesitate to automate due to

concerns over cost, complexity, employee anxiety or

return on investment.

Photo courtesy General Motors

“Manufacturers that use traditional ROI tools to justify their improvement projects risk more by using a model that can cause

enterprises to become defensive and hesitant in volatile times,” argues Campbell.

“The advent of collaborative automation gives manufacturers new opportunities to calculate ROI,” explains Campbell. “These

proven quantification methods use operational key performance indicators to help a manufacturer decide how to prioritize

automation projects in today’s uncertain world.”

However, Campbell believes that old-school justification worksheets still play an important role in the process. He recommends

using a simple spreadsheet that gathers detailed cost information (or conservative estimates based on industry standards)

related to things such as annual production volume, capacity gains, floor space savings, inventory reduction, rework savings, scrap

savings and warranty savings.

Identify ‘Pain Points’

Making effective return-on-investment calculations

has become more important than ever.
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One of the best places to start an automation justification project is by identifying “pain points,” which can be everything from

equipment maintenance and unscheduled downtime to material shortages and supply chain disruptions.

“Every company has a different pain point or problem on their assembly line,” says John Tuohy, national account manager at Fanuc

America Corp. “It can be things such as people, quality or throughput.

“You need to look at what your pain point is, the goal you’re trying to accomplish and how automation can possibly help you,”

explains Tuohy. “Since more and more people don’t want to work in factories, robots will have to fill that need.”

“The biggest pain point for most manufacturers today is the severe labor shortage,” adds Matt Charles, sales director at Mobile

Industrial Robots A/S. “That makes it easier for engineers to justify automation investments. I spoke to someone recently who told

me that their HR costs have gone up because they have to continually hire temp workers to address staffing issues related to

people not showing up for work or quitting.”

According to the National Association of Manufacturers, the sector currently has more than 1 million job openings. And, by the end

of this decade, that number could top 2 million.

“To identify pain points, you need to look at your current production challenges,” says Frank Langro, director of product market

management for pneumatic automation at Festo Corp. “Automation can be a solution to issues related to consistency, safety and

throughput. With the current worker shortage, many companies are also looking at ways they can redeploy their employees to

handle value-added tasks.

“When justifying automation, engineers should address three things: why you want to automate; what challenges you want to

overcome; and where you want to improve,” Langro points out. “Be sure to look at the entire process, including how automation will

impact both upstream and downstream processes.”

Robot Rental Reduces Barriers

Manufacturers typically invest in robotics to

address issues related to accuracy, repetitive tasks

and safety.
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Cost is the No. 1 reason why manufacturers shy away from investing in automation. However, the robots-for-hire business model is

changing that misperception. Large and small manufacturers in a wide variety of industries are beginning to treat robots as “temp

workers.” It’s part of a new robotics-as-a-service trend.

“Robotics-as-a-service is a way for manufacturers to cost-effectively adopt automation,” says Fanuc’s Tuohy. “Instead of making

a large investment in the capital, a company invests in the process. It works similar to contract manufacturing. Although products

are built on your factory floor, you don’t own the equipment.”

The concept especially appeals to small- and medium-sized manufacturers, because a third-party vendor handles every aspect of

financing, deploying and maintaining robots.

“Traditionally, manufacturers buy robots, which is a lengthy, complex, inflexible and expensive process,” notes Saman Farid, CEO of

Formic Technologies, a new company that “rents” robots from companies such as ABB, Fanuc and UR. “These barriers to entry are

so high for smaller manufacturers that they often refrain from deploying automation altogether.”

Farid claims that his company “delivers customized robots at a low hourly rate with no money upfront and guaranteed uptime.” He

says deployments are 50 percent faster than traditional approaches and save customers 42 percent on their operating expenses

from the first day.

“We provide a way for any manufacturer to easily adopt automation in a simple, risk-free and on-demand way,” explains Farid.

“Manufacturers can do more with automation without high costs or a lengthy and complicated purchasing and deployment

process.”

The biggest “pain point” for most manufacturers

today is the severe labor shortage.
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One company that is bullish on the concept is Polar Hardware Manufacturing Co. The 105-year-old firm on the North Side of

Chicago produces handles, hinges, latches, locks, vents and other types of metal parts used for doors and truck bodies. It recently

worked with Formic to automate its factory for the first time. The application uses a URe collaborative robot to feed a press brake.

Polar Hardware was struggling to meet its production goals and fill orders. “If [we] didn’t automate, we would be out of business,”

says Jose Figuerao, plant manager. ”We cannot compete if we cannot produce.”

The machine tending system can produce 750 parts every 10 hours, which saves about $77,000 a year in labor costs. Engineers

can monitor system performance from Formic’s platform, which delivers analytics in real time.

Polar Hardware recently signed another contract with Formic to add a spot welding robot. The company is also considering

moving from a two-shift to a three-shift operation, which would enable the cobots to run around the clock. With both systems up

and running, Figuerao expects to save around $150,000 per year in operation costs.
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Production ‘pain points’ should be

identi�ed and well documented.

Justifying Investment
in Automation

Industry 4.0 technology has made it

easier for manufacturers to automate

production processes that have

traditionally involved manual work.

Photo courtesy DAF Trucks NV

J

ustifying automation has never been easier. The Covid pandemic, coupled with a severe worker shortage, a widening skills gap

and the “great resignation,” has increased demand for automated guided vehicles, conveyors, robots and other types of

equipment.

Industry 4.0 technology, such as artificial intelligence, augmented reality and data analytics, has also made it easier for

manufacturers to automate production processes that have traditionally involved manual work.

Today, the upfront costs related to automation are lower than in the past. Traditional barriers to automation have fallen. Factory

automation has become more accessible, easier to implement and more flexible.

However, some manufacturers still hesitate to automate due to concerns over cost, complexity, employee anxiety or return on

investment. Any investments in automation need to be carefully justified by engineers.

“In the old days, it was all about labor reduction,” says Joe Campbell, senior manager of strategic marketing and applications

development at Universal Robots A/S (UR). “That was the only way you justified a project. Now, there’s a lot more focus on

connecting automation to business problems. It’s less about saving labor and more about freeing labor up to work on higher value

processes.

“There’s also a big quality component,” notes Campbell. “More companies realize that if they can’t boost quality or increase their

capacity sufficiently to continue to meet their customer’s needs, they’re at risk of losing that customer.

Factory automation has become more accessible,

easier to implement and more flexible.
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“Justifying big multimillion investments is still a difficult challenge for engineers, but it’s becoming very straightforward for

incremental investments,” claims Campbell.

According to Jon Van Wyck, managing director and partner at the Boston Consulting Group Inc., there’s been a fundamental shift

in how manufacturers regard automation. “More and more, companies are looking at factors such as ergonomics, quality and yield

to justify automation instead of just labor costs,” he points out.

“Typically, manufacturers invest in robotics to address issues related to accuracy, repetitive tasks and safety,” adds Tim Paton,

general industrial and electronics operations manager at ABB Robotics. “The biggest mistake someone can make is thinking of

automation as only a manpower reduction opportunity.

“If you go in with that kind of a mindset, you’ll miss out on a lot of the benefits that come from investing in automation,” warns

Paton. “It’s no longer just about replacing humans with machines. It’s more about doing things more efficiently and more

effectively, while increasing product quality.”

Traditionally, automation was designed for repetitive manufacturing operations with few human workers in the loop. In contrast,

today’s focus on collaborative automation is designed with the notion of working “next to” vs. “instead of” a human worker.

“This makes cobots ideal for short-run, variable processes where they can help a human worker complete a task more efficiently

and effectively,” says UR’s Campbell. “This fundamental change requires a new model that is less focused on labor avoidance.

Understanding the differences between collaborative and traditional automation is an important basis for this new model.”

The ROI Model Has Changed

Collaborative robots are commonly used for bin

picking and machine tending applications.
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As businesses around the globe navigate the repercussions of COVID-19 and supply chain interruptions, automation has emerged

as a critical strategy to ensure business continuity. With an uncertain economic future, making effective return-on-investment

(ROI) calculations has become more important than ever.

“Automation project decisions are complex,” says Campbell. “Deployment risk, operational risk, ongoing maintenance requirements

and worker anxiety must be weighed against the flexibility, scalability, cost avoidance and occupational health benefits of

automation. With all the factors to be considered, typical ROI tools used to make these decisions can feel inadequate.

“Traditional ROI and break-even point analyses are easy to understand, but only account for labor cost savings using static, long-

term assumptions to measure expected outcomes,” warns Campbell. “In today’s volatile business environment, these methods can

lead decision-makers to an outcome that is inconsistent with strategic objectives or that is tied to unrealistic expectations of

business stability.

Some manufacturers hesitate to automate due to

concerns over cost, complexity, employee anxiety or

return on investment.
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“Manufacturers that use traditional ROI tools to justify their improvement projects risk more by using a model that can cause

enterprises to become defensive and hesitant in volatile times,” argues Campbell.

“The advent of collaborative automation gives manufacturers new opportunities to calculate ROI,” explains Campbell. “These

proven quantification methods use operational key performance indicators to help a manufacturer decide how to prioritize

automation projects in today’s uncertain world.”

However, Campbell believes that old-school justification worksheets still play an important role in the process. He recommends

using a simple spreadsheet that gathers detailed cost information (or conservative estimates based on industry standards)

related to things such as annual production volume, capacity gains, floor space savings, inventory reduction, rework savings, scrap

savings and warranty savings.

Identify ‘Pain Points’

Making effective return-on-investment calculations

has become more important than ever.
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One of the best places to start an automation justification project is by identifying “pain points,” which can be everything from

equipment maintenance and unscheduled downtime to material shortages and supply chain disruptions.

“Every company has a different pain point or problem on their assembly line,” says John Tuohy, national account manager at Fanuc

America Corp. “It can be things such as people, quality or throughput.

“You need to look at what your pain point is, the goal you’re trying to accomplish and how automation can possibly help you,”

explains Tuohy. “Since more and more people don’t want to work in factories, robots will have to fill that need.”

“The biggest pain point for most manufacturers today is the severe labor shortage,” adds Matt Charles, sales director at Mobile

Industrial Robots A/S. “That makes it easier for engineers to justify automation investments. I spoke to someone recently who told

me that their HR costs have gone up because they have to continually hire temp workers to address staffing issues related to

people not showing up for work or quitting.”

According to the National Association of Manufacturers, the sector currently has more than 1 million job openings. And, by the end

of this decade, that number could top 2 million.

“To identify pain points, you need to look at your current production challenges,” says Frank Langro, director of product market

management for pneumatic automation at Festo Corp. “Automation can be a solution to issues related to consistency, safety and

throughput. With the current worker shortage, many companies are also looking at ways they can redeploy their employees to

handle value-added tasks.

“When justifying automation, engineers should address three things: why you want to automate; what challenges you want to

overcome; and where you want to improve,” Langro points out. “Be sure to look at the entire process, including how automation will

impact both upstream and downstream processes.”

Robot Rental Reduces Barriers

Manufacturers typically invest in robotics to

address issues related to accuracy, repetitive tasks

and safety.
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Cost is the No. 1 reason why manufacturers shy away from investing in automation. However, the robots-for-hire business model is

changing that misperception. Large and small manufacturers in a wide variety of industries are beginning to treat robots as “temp

workers.” It’s part of a new robotics-as-a-service trend.

“Robotics-as-a-service is a way for manufacturers to cost-effectively adopt automation,” says Fanuc’s Tuohy. “Instead of making

a large investment in the capital, a company invests in the process. It works similar to contract manufacturing. Although products

are built on your factory floor, you don’t own the equipment.”

The concept especially appeals to small- and medium-sized manufacturers, because a third-party vendor handles every aspect of

financing, deploying and maintaining robots.

“Traditionally, manufacturers buy robots, which is a lengthy, complex, inflexible and expensive process,” notes Saman Farid, CEO of

Formic Technologies, a new company that “rents” robots from companies such as ABB, Fanuc and UR. “These barriers to entry are

so high for smaller manufacturers that they often refrain from deploying automation altogether.”

Farid claims that his company “delivers customized robots at a low hourly rate with no money upfront and guaranteed uptime.” He

says deployments are 50 percent faster than traditional approaches and save customers 42 percent on their operating expenses

from the first day.

“We provide a way for any manufacturer to easily adopt automation in a simple, risk-free and on-demand way,” explains Farid.

“Manufacturers can do more with automation without high costs or a lengthy and complicated purchasing and deployment

process.”

The biggest “pain point” for most manufacturers

today is the severe labor shortage.
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One company that is bullish on the concept is Polar Hardware Manufacturing Co. The 105-year-old firm on the North Side of

Chicago produces handles, hinges, latches, locks, vents and other types of metal parts used for doors and truck bodies. It recently

worked with Formic to automate its factory for the first time. The application uses a URe collaborative robot to feed a press brake.

Polar Hardware was struggling to meet its production goals and fill orders. “If [we] didn’t automate, we would be out of business,”

says Jose Figuerao, plant manager. ”We cannot compete if we cannot produce.”

The machine tending system can produce 750 parts every 10 hours, which saves about $77,000 a year in labor costs. Engineers

can monitor system performance from Formic’s platform, which delivers analytics in real time.

Polar Hardware recently signed another contract with Formic to add a spot welding robot. The company is also considering

moving from a two-shift to a three-shift operation, which would enable the cobots to run around the clock. With both systems up

and running, Figuerao expects to save around $150,000 per year in operation costs.
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ustifying automation has never been easier. The Covid pandemic, coupled with a severe worker shortage, a widening skills gap

and the “great resignation,” has increased demand for automated guided vehicles, conveyors, robots and other types of

equipment.

Industry 4.0 technology, such as artificial intelligence, augmented reality and data analytics, has also made it easier for

manufacturers to automate production processes that have traditionally involved manual work.

Today, the upfront costs related to automation are lower than in the past. Traditional barriers to automation have fallen. Factory

automation has become more accessible, easier to implement and more flexible.

However, some manufacturers still hesitate to automate due to concerns over cost, complexity, employee anxiety or return on

investment. Any investments in automation need to be carefully justified by engineers.

“In the old days, it was all about labor reduction,” says Joe Campbell, senior manager of strategic marketing and applications

development at Universal Robots A/S (UR). “That was the only way you justified a project. Now, there’s a lot more focus on

connecting automation to business problems. It’s less about saving labor and more about freeing labor up to work on higher value

processes.

“There’s also a big quality component,” notes Campbell. “More companies realize that if they can’t boost quality or increase their

capacity sufficiently to continue to meet their customer’s needs, they’re at risk of losing that customer.

Factory automation has become more accessible,

easier to implement and more flexible.
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“Justifying big multimillion investments is still a difficult challenge for engineers, but it’s becoming very straightforward for

incremental investments,” claims Campbell.

According to Jon Van Wyck, managing director and partner at the Boston Consulting Group Inc., there’s been a fundamental shift

in how manufacturers regard automation. “More and more, companies are looking at factors such as ergonomics, quality and yield

to justify automation instead of just labor costs,” he points out.

“Typically, manufacturers invest in robotics to address issues related to accuracy, repetitive tasks and safety,” adds Tim Paton,

general industrial and electronics operations manager at ABB Robotics. “The biggest mistake someone can make is thinking of

automation as only a manpower reduction opportunity.

“If you go in with that kind of a mindset, you’ll miss out on a lot of the benefits that come from investing in automation,” warns

Paton. “It’s no longer just about replacing humans with machines. It’s more about doing things more efficiently and more

effectively, while increasing product quality.”

Traditionally, automation was designed for repetitive manufacturing operations with few human workers in the loop. In contrast,

today’s focus on collaborative automation is designed with the notion of working “next to” vs. “instead of” a human worker.

“This makes cobots ideal for short-run, variable processes where they can help a human worker complete a task more efficiently

and effectively,” says UR’s Campbell. “This fundamental change requires a new model that is less focused on labor avoidance.

Understanding the differences between collaborative and traditional automation is an important basis for this new model.”

The ROI Model Has Changed

Collaborative robots are commonly used for bin

picking and machine tending applications.
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As businesses around the globe navigate the repercussions of COVID-19 and supply chain interruptions, automation has emerged

as a critical strategy to ensure business continuity. With an uncertain economic future, making effective return-on-investment

(ROI) calculations has become more important than ever.

“Automation project decisions are complex,” says Campbell. “Deployment risk, operational risk, ongoing maintenance requirements

and worker anxiety must be weighed against the flexibility, scalability, cost avoidance and occupational health benefits of

automation. With all the factors to be considered, typical ROI tools used to make these decisions can feel inadequate.

“Traditional ROI and break-even point analyses are easy to understand, but only account for labor cost savings using static, long-

term assumptions to measure expected outcomes,” warns Campbell. “In today’s volatile business environment, these methods can

lead decision-makers to an outcome that is inconsistent with strategic objectives or that is tied to unrealistic expectations of

business stability.

Some manufacturers hesitate to automate due to

concerns over cost, complexity, employee anxiety or

return on investment.
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“Manufacturers that use traditional ROI tools to justify their improvement projects risk more by using a model that can cause

enterprises to become defensive and hesitant in volatile times,” argues Campbell.

“The advent of collaborative automation gives manufacturers new opportunities to calculate ROI,” explains Campbell. “These

proven quantification methods use operational key performance indicators to help a manufacturer decide how to prioritize

automation projects in today’s uncertain world.”

However, Campbell believes that old-school justification worksheets still play an important role in the process. He recommends

using a simple spreadsheet that gathers detailed cost information (or conservative estimates based on industry standards)

related to things such as annual production volume, capacity gains, floor space savings, inventory reduction, rework savings, scrap

savings and warranty savings.

Identify ‘Pain Points’

Making effective return-on-investment calculations

has become more important than ever.
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One of the best places to start an automation justification project is by identifying “pain points,” which can be everything from

equipment maintenance and unscheduled downtime to material shortages and supply chain disruptions.

“Every company has a different pain point or problem on their assembly line,” says John Tuohy, national account manager at Fanuc

America Corp. “It can be things such as people, quality or throughput.

“You need to look at what your pain point is, the goal you’re trying to accomplish and how automation can possibly help you,”

explains Tuohy. “Since more and more people don’t want to work in factories, robots will have to fill that need.”

“The biggest pain point for most manufacturers today is the severe labor shortage,” adds Matt Charles, sales director at Mobile

Industrial Robots A/S. “That makes it easier for engineers to justify automation investments. I spoke to someone recently who told

me that their HR costs have gone up because they have to continually hire temp workers to address staffing issues related to

people not showing up for work or quitting.”

According to the National Association of Manufacturers, the sector currently has more than 1 million job openings. And, by the end

of this decade, that number could top 2 million.

“To identify pain points, you need to look at your current production challenges,” says Frank Langro, director of product market

management for pneumatic automation at Festo Corp. “Automation can be a solution to issues related to consistency, safety and

throughput. With the current worker shortage, many companies are also looking at ways they can redeploy their employees to

handle value-added tasks.

“When justifying automation, engineers should address three things: why you want to automate; what challenges you want to

overcome; and where you want to improve,” Langro points out. “Be sure to look at the entire process, including how automation will

impact both upstream and downstream processes.”

Robot Rental Reduces Barriers

Manufacturers typically invest in robotics to

address issues related to accuracy, repetitive tasks

and safety.
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Cost is the No. 1 reason why manufacturers shy away from investing in automation. However, the robots-for-hire business model is

changing that misperception. Large and small manufacturers in a wide variety of industries are beginning to treat robots as “temp

workers.” It’s part of a new robotics-as-a-service trend.

“Robotics-as-a-service is a way for manufacturers to cost-effectively adopt automation,” says Fanuc’s Tuohy. “Instead of making

a large investment in the capital, a company invests in the process. It works similar to contract manufacturing. Although products

are built on your factory floor, you don’t own the equipment.”

The concept especially appeals to small- and medium-sized manufacturers, because a third-party vendor handles every aspect of

financing, deploying and maintaining robots.

“Traditionally, manufacturers buy robots, which is a lengthy, complex, inflexible and expensive process,” notes Saman Farid, CEO of

Formic Technologies, a new company that “rents” robots from companies such as ABB, Fanuc and UR. “These barriers to entry are

so high for smaller manufacturers that they often refrain from deploying automation altogether.”

Farid claims that his company “delivers customized robots at a low hourly rate with no money upfront and guaranteed uptime.” He

says deployments are 50 percent faster than traditional approaches and save customers 42 percent on their operating expenses

from the first day.

“We provide a way for any manufacturer to easily adopt automation in a simple, risk-free and on-demand way,” explains Farid.

“Manufacturers can do more with automation without high costs or a lengthy and complicated purchasing and deployment

process.”

The biggest “pain point” for most manufacturers

today is the severe labor shortage.
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One company that is bullish on the concept is Polar Hardware Manufacturing Co. The 105-year-old firm on the North Side of

Chicago produces handles, hinges, latches, locks, vents and other types of metal parts used for doors and truck bodies. It recently

worked with Formic to automate its factory for the first time. The application uses a URe collaborative robot to feed a press brake.

Polar Hardware was struggling to meet its production goals and fill orders. “If [we] didn’t automate, we would be out of business,”

says Jose Figuerao, plant manager. ”We cannot compete if we cannot produce.”

The machine tending system can produce 750 parts every 10 hours, which saves about $77,000 a year in labor costs. Engineers

can monitor system performance from Formic’s platform, which delivers analytics in real time.

Polar Hardware recently signed another contract with Formic to add a spot welding robot. The company is also considering

moving from a two-shift to a three-shift operation, which would enable the cobots to run around the clock. With both systems up

and running, Figuerao expects to save around $150,000 per year in operation costs.
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Production ‘pain points’ should be

identi�ed and well documented.

Justifying Investment
in Automation

Industry 4.0 technology has made it

easier for manufacturers to automate

production processes that have

traditionally involved manual work.
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J

ustifying automation has never been easier. The Covid pandemic, coupled with a severe worker shortage, a widening skills gap

and the “great resignation,” has increased demand for automated guided vehicles, conveyors, robots and other types of

equipment.

Industry 4.0 technology, such as artificial intelligence, augmented reality and data analytics, has also made it easier for

manufacturers to automate production processes that have traditionally involved manual work.

Today, the upfront costs related to automation are lower than in the past. Traditional barriers to automation have fallen. Factory

automation has become more accessible, easier to implement and more flexible.

However, some manufacturers still hesitate to automate due to concerns over cost, complexity, employee anxiety or return on

investment. Any investments in automation need to be carefully justified by engineers.

“In the old days, it was all about labor reduction,” says Joe Campbell, senior manager of strategic marketing and applications

development at Universal Robots A/S (UR). “That was the only way you justified a project. Now, there’s a lot more focus on

connecting automation to business problems. It’s less about saving labor and more about freeing labor up to work on higher value

processes.

“There’s also a big quality component,” notes Campbell. “More companies realize that if they can’t boost quality or increase their

capacity sufficiently to continue to meet their customer’s needs, they’re at risk of losing that customer.

Factory automation has become more accessible,

easier to implement and more flexible.
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“Justifying big multimillion investments is still a difficult challenge for engineers, but it’s becoming very straightforward for

incremental investments,” claims Campbell.

According to Jon Van Wyck, managing director and partner at the Boston Consulting Group Inc., there’s been a fundamental shift

in how manufacturers regard automation. “More and more, companies are looking at factors such as ergonomics, quality and yield

to justify automation instead of just labor costs,” he points out.

“Typically, manufacturers invest in robotics to address issues related to accuracy, repetitive tasks and safety,” adds Tim Paton,

general industrial and electronics operations manager at ABB Robotics. “The biggest mistake someone can make is thinking of

automation as only a manpower reduction opportunity.

“If you go in with that kind of a mindset, you’ll miss out on a lot of the benefits that come from investing in automation,” warns

Paton. “It’s no longer just about replacing humans with machines. It’s more about doing things more efficiently and more

effectively, while increasing product quality.”

Traditionally, automation was designed for repetitive manufacturing operations with few human workers in the loop. In contrast,

today’s focus on collaborative automation is designed with the notion of working “next to” vs. “instead of” a human worker.

“This makes cobots ideal for short-run, variable processes where they can help a human worker complete a task more efficiently

and effectively,” says UR’s Campbell. “This fundamental change requires a new model that is less focused on labor avoidance.

Understanding the differences between collaborative and traditional automation is an important basis for this new model.”

The ROI Model Has Changed

Collaborative robots are commonly used for bin

picking and machine tending applications.
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As businesses around the globe navigate the repercussions of COVID-19 and supply chain interruptions, automation has emerged

as a critical strategy to ensure business continuity. With an uncertain economic future, making effective return-on-investment

(ROI) calculations has become more important than ever.

“Automation project decisions are complex,” says Campbell. “Deployment risk, operational risk, ongoing maintenance requirements

and worker anxiety must be weighed against the flexibility, scalability, cost avoidance and occupational health benefits of

automation. With all the factors to be considered, typical ROI tools used to make these decisions can feel inadequate.

“Traditional ROI and break-even point analyses are easy to understand, but only account for labor cost savings using static, long-

term assumptions to measure expected outcomes,” warns Campbell. “In today’s volatile business environment, these methods can

lead decision-makers to an outcome that is inconsistent with strategic objectives or that is tied to unrealistic expectations of

business stability.

Some manufacturers hesitate to automate due to

concerns over cost, complexity, employee anxiety or

return on investment.
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“Manufacturers that use traditional ROI tools to justify their improvement projects risk more by using a model that can cause

enterprises to become defensive and hesitant in volatile times,” argues Campbell.

“The advent of collaborative automation gives manufacturers new opportunities to calculate ROI,” explains Campbell. “These

proven quantification methods use operational key performance indicators to help a manufacturer decide how to prioritize

automation projects in today’s uncertain world.”

However, Campbell believes that old-school justification worksheets still play an important role in the process. He recommends

using a simple spreadsheet that gathers detailed cost information (or conservative estimates based on industry standards)

related to things such as annual production volume, capacity gains, floor space savings, inventory reduction, rework savings, scrap

savings and warranty savings.

Identify ‘Pain Points’

Making effective return-on-investment calculations

has become more important than ever.
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One of the best places to start an automation justification project is by identifying “pain points,” which can be everything from

equipment maintenance and unscheduled downtime to material shortages and supply chain disruptions.

“Every company has a different pain point or problem on their assembly line,” says John Tuohy, national account manager at Fanuc

America Corp. “It can be things such as people, quality or throughput.

“You need to look at what your pain point is, the goal you’re trying to accomplish and how automation can possibly help you,”

explains Tuohy. “Since more and more people don’t want to work in factories, robots will have to fill that need.”

“The biggest pain point for most manufacturers today is the severe labor shortage,” adds Matt Charles, sales director at Mobile

Industrial Robots A/S. “That makes it easier for engineers to justify automation investments. I spoke to someone recently who told

me that their HR costs have gone up because they have to continually hire temp workers to address staffing issues related to

people not showing up for work or quitting.”

According to the National Association of Manufacturers, the sector currently has more than 1 million job openings. And, by the end

of this decade, that number could top 2 million.

“To identify pain points, you need to look at your current production challenges,” says Frank Langro, director of product market

management for pneumatic automation at Festo Corp. “Automation can be a solution to issues related to consistency, safety and

throughput. With the current worker shortage, many companies are also looking at ways they can redeploy their employees to

handle value-added tasks.

“When justifying automation, engineers should address three things: why you want to automate; what challenges you want to

overcome; and where you want to improve,” Langro points out. “Be sure to look at the entire process, including how automation will

impact both upstream and downstream processes.”

Robot Rental Reduces Barriers

Manufacturers typically invest in robotics to

address issues related to accuracy, repetitive tasks

and safety.
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Cost is the No. 1 reason why manufacturers shy away from investing in automation. However, the robots-for-hire business model is

changing that misperception. Large and small manufacturers in a wide variety of industries are beginning to treat robots as “temp

workers.” It’s part of a new robotics-as-a-service trend.

“Robotics-as-a-service is a way for manufacturers to cost-effectively adopt automation,” says Fanuc’s Tuohy. “Instead of making

a large investment in the capital, a company invests in the process. It works similar to contract manufacturing. Although products

are built on your factory floor, you don’t own the equipment.”

The concept especially appeals to small- and medium-sized manufacturers, because a third-party vendor handles every aspect of

financing, deploying and maintaining robots.

“Traditionally, manufacturers buy robots, which is a lengthy, complex, inflexible and expensive process,” notes Saman Farid, CEO of

Formic Technologies, a new company that “rents” robots from companies such as ABB, Fanuc and UR. “These barriers to entry are

so high for smaller manufacturers that they often refrain from deploying automation altogether.”

Farid claims that his company “delivers customized robots at a low hourly rate with no money upfront and guaranteed uptime.” He

says deployments are 50 percent faster than traditional approaches and save customers 42 percent on their operating expenses

from the first day.

“We provide a way for any manufacturer to easily adopt automation in a simple, risk-free and on-demand way,” explains Farid.

“Manufacturers can do more with automation without high costs or a lengthy and complicated purchasing and deployment

process.”

The biggest “pain point” for most manufacturers

today is the severe labor shortage.
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One company that is bullish on the concept is Polar Hardware Manufacturing Co. The 105-year-old firm on the North Side of

Chicago produces handles, hinges, latches, locks, vents and other types of metal parts used for doors and truck bodies. It recently

worked with Formic to automate its factory for the first time. The application uses a URe collaborative robot to feed a press brake.

Polar Hardware was struggling to meet its production goals and fill orders. “If [we] didn’t automate, we would be out of business,”

says Jose Figuerao, plant manager. ”We cannot compete if we cannot produce.”

The machine tending system can produce 750 parts every 10 hours, which saves about $77,000 a year in labor costs. Engineers

can monitor system performance from Formic’s platform, which delivers analytics in real time.

Polar Hardware recently signed another contract with Formic to add a spot welding robot. The company is also considering

moving from a two-shift to a three-shift operation, which would enable the cobots to run around the clock. With both systems up

and running, Figuerao expects to save around $150,000 per year in operation costs.
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ustifying automation has never been easier. The Covid pandemic, coupled with a severe worker shortage, a widening skills gap

and the “great resignation,” has increased demand for automated guided vehicles, conveyors, robots and other types of

equipment.

Industry 4.0 technology, such as artificial intelligence, augmented reality and data analytics, has also made it easier for

manufacturers to automate production processes that have traditionally involved manual work.

Today, the upfront costs related to automation are lower than in the past. Traditional barriers to automation have fallen. Factory

automation has become more accessible, easier to implement and more flexible.

However, some manufacturers still hesitate to automate due to concerns over cost, complexity, employee anxiety or return on

investment. Any investments in automation need to be carefully justified by engineers.

“In the old days, it was all about labor reduction,” says Joe Campbell, senior manager of strategic marketing and applications

development at Universal Robots A/S (UR). “That was the only way you justified a project. Now, there’s a lot more focus on

connecting automation to business problems. It’s less about saving labor and more about freeing labor up to work on higher value

processes.

“There’s also a big quality component,” notes Campbell. “More companies realize that if they can’t boost quality or increase their

capacity sufficiently to continue to meet their customer’s needs, they’re at risk of losing that customer.

Factory automation has become more accessible,

easier to implement and more flexible.
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“Justifying big multimillion investments is still a difficult challenge for engineers, but it’s becoming very straightforward for

incremental investments,” claims Campbell.

According to Jon Van Wyck, managing director and partner at the Boston Consulting Group Inc., there’s been a fundamental shift

in how manufacturers regard automation. “More and more, companies are looking at factors such as ergonomics, quality and yield

to justify automation instead of just labor costs,” he points out.

“Typically, manufacturers invest in robotics to address issues related to accuracy, repetitive tasks and safety,” adds Tim Paton,

general industrial and electronics operations manager at ABB Robotics. “The biggest mistake someone can make is thinking of

automation as only a manpower reduction opportunity.

“If you go in with that kind of a mindset, you’ll miss out on a lot of the benefits that come from investing in automation,” warns

Paton. “It’s no longer just about replacing humans with machines. It’s more about doing things more efficiently and more

effectively, while increasing product quality.”

Traditionally, automation was designed for repetitive manufacturing operations with few human workers in the loop. In contrast,

today’s focus on collaborative automation is designed with the notion of working “next to” vs. “instead of” a human worker.

“This makes cobots ideal for short-run, variable processes where they can help a human worker complete a task more efficiently

and effectively,” says UR’s Campbell. “This fundamental change requires a new model that is less focused on labor avoidance.

Understanding the differences between collaborative and traditional automation is an important basis for this new model.”

The ROI Model Has Changed

Collaborative robots are commonly used for bin

picking and machine tending applications.
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As businesses around the globe navigate the repercussions of COVID-19 and supply chain interruptions, automation has emerged

as a critical strategy to ensure business continuity. With an uncertain economic future, making effective return-on-investment

(ROI) calculations has become more important than ever.

“Automation project decisions are complex,” says Campbell. “Deployment risk, operational risk, ongoing maintenance requirements

and worker anxiety must be weighed against the flexibility, scalability, cost avoidance and occupational health benefits of

automation. With all the factors to be considered, typical ROI tools used to make these decisions can feel inadequate.

“Traditional ROI and break-even point analyses are easy to understand, but only account for labor cost savings using static, long-

term assumptions to measure expected outcomes,” warns Campbell. “In today’s volatile business environment, these methods can

lead decision-makers to an outcome that is inconsistent with strategic objectives or that is tied to unrealistic expectations of

business stability.

Some manufacturers hesitate to automate due to

concerns over cost, complexity, employee anxiety or

return on investment.
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“Manufacturers that use traditional ROI tools to justify their improvement projects risk more by using a model that can cause

enterprises to become defensive and hesitant in volatile times,” argues Campbell.

“The advent of collaborative automation gives manufacturers new opportunities to calculate ROI,” explains Campbell. “These

proven quantification methods use operational key performance indicators to help a manufacturer decide how to prioritize

automation projects in today’s uncertain world.”

However, Campbell believes that old-school justification worksheets still play an important role in the process. He recommends

using a simple spreadsheet that gathers detailed cost information (or conservative estimates based on industry standards)

related to things such as annual production volume, capacity gains, floor space savings, inventory reduction, rework savings, scrap

savings and warranty savings.

Identify ‘Pain Points’

Making effective return-on-investment calculations

has become more important than ever.
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One of the best places to start an automation justification project is by identifying “pain points,” which can be everything from

equipment maintenance and unscheduled downtime to material shortages and supply chain disruptions.

“Every company has a different pain point or problem on their assembly line,” says John Tuohy, national account manager at Fanuc

America Corp. “It can be things such as people, quality or throughput.

“You need to look at what your pain point is, the goal you’re trying to accomplish and how automation can possibly help you,”

explains Tuohy. “Since more and more people don’t want to work in factories, robots will have to fill that need.”

“The biggest pain point for most manufacturers today is the severe labor shortage,” adds Matt Charles, sales director at Mobile

Industrial Robots A/S. “That makes it easier for engineers to justify automation investments. I spoke to someone recently who told

me that their HR costs have gone up because they have to continually hire temp workers to address staffing issues related to

people not showing up for work or quitting.”

According to the National Association of Manufacturers, the sector currently has more than 1 million job openings. And, by the end

of this decade, that number could top 2 million.

“To identify pain points, you need to look at your current production challenges,” says Frank Langro, director of product market

management for pneumatic automation at Festo Corp. “Automation can be a solution to issues related to consistency, safety and

throughput. With the current worker shortage, many companies are also looking at ways they can redeploy their employees to

handle value-added tasks.

“When justifying automation, engineers should address three things: why you want to automate; what challenges you want to

overcome; and where you want to improve,” Langro points out. “Be sure to look at the entire process, including how automation will

impact both upstream and downstream processes.”

Robot Rental Reduces Barriers

Manufacturers typically invest in robotics to

address issues related to accuracy, repetitive tasks

and safety.
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Cost is the No. 1 reason why manufacturers shy away from investing in automation. However, the robots-for-hire business model is

changing that misperception. Large and small manufacturers in a wide variety of industries are beginning to treat robots as “temp

workers.” It’s part of a new robotics-as-a-service trend.

“Robotics-as-a-service is a way for manufacturers to cost-effectively adopt automation,” says Fanuc’s Tuohy. “Instead of making

a large investment in the capital, a company invests in the process. It works similar to contract manufacturing. Although products

are built on your factory floor, you don’t own the equipment.”

The concept especially appeals to small- and medium-sized manufacturers, because a third-party vendor handles every aspect of

financing, deploying and maintaining robots.

“Traditionally, manufacturers buy robots, which is a lengthy, complex, inflexible and expensive process,” notes Saman Farid, CEO of

Formic Technologies, a new company that “rents” robots from companies such as ABB, Fanuc and UR. “These barriers to entry are

so high for smaller manufacturers that they often refrain from deploying automation altogether.”

Farid claims that his company “delivers customized robots at a low hourly rate with no money upfront and guaranteed uptime.” He

says deployments are 50 percent faster than traditional approaches and save customers 42 percent on their operating expenses

from the first day.

“We provide a way for any manufacturer to easily adopt automation in a simple, risk-free and on-demand way,” explains Farid.

“Manufacturers can do more with automation without high costs or a lengthy and complicated purchasing and deployment

process.”

The biggest “pain point” for most manufacturers

today is the severe labor shortage.
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One company that is bullish on the concept is Polar Hardware Manufacturing Co. The 105-year-old firm on the North Side of

Chicago produces handles, hinges, latches, locks, vents and other types of metal parts used for doors and truck bodies. It recently

worked with Formic to automate its factory for the first time. The application uses a URe collaborative robot to feed a press brake.

Polar Hardware was struggling to meet its production goals and fill orders. “If [we] didn’t automate, we would be out of business,”

says Jose Figuerao, plant manager. ”We cannot compete if we cannot produce.”

The machine tending system can produce 750 parts every 10 hours, which saves about $77,000 a year in labor costs. Engineers

can monitor system performance from Formic’s platform, which delivers analytics in real time.

Polar Hardware recently signed another contract with Formic to add a spot welding robot. The company is also considering

moving from a two-shift to a three-shift operation, which would enable the cobots to run around the clock. With both systems up

and running, Figuerao expects to save around $150,000 per year in operation costs.
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Production ‘pain points’ should be

identi�ed and well documented.

Justifying Investment
in Automation

Industry 4.0 technology has made it

easier for manufacturers to automate

production processes that have

traditionally involved manual work.
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J

ustifying automation has never been easier. The Covid pandemic, coupled with a severe worker shortage, a widening skills gap

and the “great resignation,” has increased demand for automated guided vehicles, conveyors, robots and other types of

equipment.

Industry 4.0 technology, such as artificial intelligence, augmented reality and data analytics, has also made it easier for

manufacturers to automate production processes that have traditionally involved manual work.

Today, the upfront costs related to automation are lower than in the past. Traditional barriers to automation have fallen. Factory

automation has become more accessible, easier to implement and more flexible.

However, some manufacturers still hesitate to automate due to concerns over cost, complexity, employee anxiety or return on

investment. Any investments in automation need to be carefully justified by engineers.

“In the old days, it was all about labor reduction,” says Joe Campbell, senior manager of strategic marketing and applications

development at Universal Robots A/S (UR). “That was the only way you justified a project. Now, there’s a lot more focus on

connecting automation to business problems. It’s less about saving labor and more about freeing labor up to work on higher value

processes.

“There’s also a big quality component,” notes Campbell. “More companies realize that if they can’t boost quality or increase their

capacity sufficiently to continue to meet their customer’s needs, they’re at risk of losing that customer.

Factory automation has become more accessible,

easier to implement and more flexible.
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“Justifying big multimillion investments is still a difficult challenge for engineers, but it’s becoming very straightforward for

incremental investments,” claims Campbell.

According to Jon Van Wyck, managing director and partner at the Boston Consulting Group Inc., there’s been a fundamental shift

in how manufacturers regard automation. “More and more, companies are looking at factors such as ergonomics, quality and yield

to justify automation instead of just labor costs,” he points out.

“Typically, manufacturers invest in robotics to address issues related to accuracy, repetitive tasks and safety,” adds Tim Paton,

general industrial and electronics operations manager at ABB Robotics. “The biggest mistake someone can make is thinking of

automation as only a manpower reduction opportunity.

“If you go in with that kind of a mindset, you’ll miss out on a lot of the benefits that come from investing in automation,” warns

Paton. “It’s no longer just about replacing humans with machines. It’s more about doing things more efficiently and more

effectively, while increasing product quality.”

Traditionally, automation was designed for repetitive manufacturing operations with few human workers in the loop. In contrast,

today’s focus on collaborative automation is designed with the notion of working “next to” vs. “instead of” a human worker.

“This makes cobots ideal for short-run, variable processes where they can help a human worker complete a task more efficiently

and effectively,” says UR’s Campbell. “This fundamental change requires a new model that is less focused on labor avoidance.

Understanding the differences between collaborative and traditional automation is an important basis for this new model.”

The ROI Model Has Changed

Collaborative robots are commonly used for bin

picking and machine tending applications.
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As businesses around the globe navigate the repercussions of COVID-19 and supply chain interruptions, automation has emerged

as a critical strategy to ensure business continuity. With an uncertain economic future, making effective return-on-investment

(ROI) calculations has become more important than ever.

“Automation project decisions are complex,” says Campbell. “Deployment risk, operational risk, ongoing maintenance requirements

and worker anxiety must be weighed against the flexibility, scalability, cost avoidance and occupational health benefits of

automation. With all the factors to be considered, typical ROI tools used to make these decisions can feel inadequate.

“Traditional ROI and break-even point analyses are easy to understand, but only account for labor cost savings using static, long-

term assumptions to measure expected outcomes,” warns Campbell. “In today’s volatile business environment, these methods can

lead decision-makers to an outcome that is inconsistent with strategic objectives or that is tied to unrealistic expectations of

business stability.

Some manufacturers hesitate to automate due to

concerns over cost, complexity, employee anxiety or

return on investment.
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“Manufacturers that use traditional ROI tools to justify their improvement projects risk more by using a model that can cause

enterprises to become defensive and hesitant in volatile times,” argues Campbell.

“The advent of collaborative automation gives manufacturers new opportunities to calculate ROI,” explains Campbell. “These

proven quantification methods use operational key performance indicators to help a manufacturer decide how to prioritize

automation projects in today’s uncertain world.”

However, Campbell believes that old-school justification worksheets still play an important role in the process. He recommends

using a simple spreadsheet that gathers detailed cost information (or conservative estimates based on industry standards)

related to things such as annual production volume, capacity gains, floor space savings, inventory reduction, rework savings, scrap

savings and warranty savings.

Identify ‘Pain Points’

Making effective return-on-investment calculations

has become more important than ever.
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One of the best places to start an automation justification project is by identifying “pain points,” which can be everything from

equipment maintenance and unscheduled downtime to material shortages and supply chain disruptions.

“Every company has a different pain point or problem on their assembly line,” says John Tuohy, national account manager at Fanuc

America Corp. “It can be things such as people, quality or throughput.

“You need to look at what your pain point is, the goal you’re trying to accomplish and how automation can possibly help you,”

explains Tuohy. “Since more and more people don’t want to work in factories, robots will have to fill that need.”

“The biggest pain point for most manufacturers today is the severe labor shortage,” adds Matt Charles, sales director at Mobile

Industrial Robots A/S. “That makes it easier for engineers to justify automation investments. I spoke to someone recently who told

me that their HR costs have gone up because they have to continually hire temp workers to address staffing issues related to

people not showing up for work or quitting.”

According to the National Association of Manufacturers, the sector currently has more than 1 million job openings. And, by the end

of this decade, that number could top 2 million.

“To identify pain points, you need to look at your current production challenges,” says Frank Langro, director of product market

management for pneumatic automation at Festo Corp. “Automation can be a solution to issues related to consistency, safety and

throughput. With the current worker shortage, many companies are also looking at ways they can redeploy their employees to

handle value-added tasks.

“When justifying automation, engineers should address three things: why you want to automate; what challenges you want to

overcome; and where you want to improve,” Langro points out. “Be sure to look at the entire process, including how automation will

impact both upstream and downstream processes.”

Robot Rental Reduces Barriers

Manufacturers typically invest in robotics to

address issues related to accuracy, repetitive tasks

and safety.
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Cost is the No. 1 reason why manufacturers shy away from investing in automation. However, the robots-for-hire business model is

changing that misperception. Large and small manufacturers in a wide variety of industries are beginning to treat robots as “temp

workers.” It’s part of a new robotics-as-a-service trend.

“Robotics-as-a-service is a way for manufacturers to cost-effectively adopt automation,” says Fanuc’s Tuohy. “Instead of making

a large investment in the capital, a company invests in the process. It works similar to contract manufacturing. Although products

are built on your factory floor, you don’t own the equipment.”

The concept especially appeals to small- and medium-sized manufacturers, because a third-party vendor handles every aspect of

financing, deploying and maintaining robots.

“Traditionally, manufacturers buy robots, which is a lengthy, complex, inflexible and expensive process,” notes Saman Farid, CEO of

Formic Technologies, a new company that “rents” robots from companies such as ABB, Fanuc and UR. “These barriers to entry are

so high for smaller manufacturers that they often refrain from deploying automation altogether.”

Farid claims that his company “delivers customized robots at a low hourly rate with no money upfront and guaranteed uptime.” He

says deployments are 50 percent faster than traditional approaches and save customers 42 percent on their operating expenses

from the first day.

“We provide a way for any manufacturer to easily adopt automation in a simple, risk-free and on-demand way,” explains Farid.

“Manufacturers can do more with automation without high costs or a lengthy and complicated purchasing and deployment

process.”

The biggest “pain point” for most manufacturers

today is the severe labor shortage.
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One company that is bullish on the concept is Polar Hardware Manufacturing Co. The 105-year-old firm on the North Side of

Chicago produces handles, hinges, latches, locks, vents and other types of metal parts used for doors and truck bodies. It recently

worked with Formic to automate its factory for the first time. The application uses a URe collaborative robot to feed a press brake.

Polar Hardware was struggling to meet its production goals and fill orders. “If [we] didn’t automate, we would be out of business,”

says Jose Figuerao, plant manager. ”We cannot compete if we cannot produce.”

The machine tending system can produce 750 parts every 10 hours, which saves about $77,000 a year in labor costs. Engineers

can monitor system performance from Formic’s platform, which delivers analytics in real time.

Polar Hardware recently signed another contract with Formic to add a spot welding robot. The company is also considering

moving from a two-shift to a three-shift operation, which would enable the cobots to run around the clock. With both systems up

and running, Figuerao expects to save around $150,000 per year in operation costs.
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ustifying automation has never been easier. The Covid pandemic, coupled with a severe worker shortage, a widening skills gap

and the “great resignation,” has increased demand for automated guided vehicles, conveyors, robots and other types of

equipment.

Industry 4.0 technology, such as artificial intelligence, augmented reality and data analytics, has also made it easier for

manufacturers to automate production processes that have traditionally involved manual work.

Today, the upfront costs related to automation are lower than in the past. Traditional barriers to automation have fallen. Factory

automation has become more accessible, easier to implement and more flexible.

However, some manufacturers still hesitate to automate due to concerns over cost, complexity, employee anxiety or return on

investment. Any investments in automation need to be carefully justified by engineers.

“In the old days, it was all about labor reduction,” says Joe Campbell, senior manager of strategic marketing and applications

development at Universal Robots A/S (UR). “That was the only way you justified a project. Now, there’s a lot more focus on

connecting automation to business problems. It’s less about saving labor and more about freeing labor up to work on higher value

processes.

“There’s also a big quality component,” notes Campbell. “More companies realize that if they can’t boost quality or increase their

capacity sufficiently to continue to meet their customer’s needs, they’re at risk of losing that customer.

Factory automation has become more accessible,

easier to implement and more flexible.
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“Justifying big multimillion investments is still a difficult challenge for engineers, but it’s becoming very straightforward for

incremental investments,” claims Campbell.

According to Jon Van Wyck, managing director and partner at the Boston Consulting Group Inc., there’s been a fundamental shift

in how manufacturers regard automation. “More and more, companies are looking at factors such as ergonomics, quality and yield

to justify automation instead of just labor costs,” he points out.

“Typically, manufacturers invest in robotics to address issues related to accuracy, repetitive tasks and safety,” adds Tim Paton,

general industrial and electronics operations manager at ABB Robotics. “The biggest mistake someone can make is thinking of

automation as only a manpower reduction opportunity.

“If you go in with that kind of a mindset, you’ll miss out on a lot of the benefits that come from investing in automation,” warns

Paton. “It’s no longer just about replacing humans with machines. It’s more about doing things more efficiently and more

effectively, while increasing product quality.”

Traditionally, automation was designed for repetitive manufacturing operations with few human workers in the loop. In contrast,

today’s focus on collaborative automation is designed with the notion of working “next to” vs. “instead of” a human worker.

“This makes cobots ideal for short-run, variable processes where they can help a human worker complete a task more efficiently

and effectively,” says UR’s Campbell. “This fundamental change requires a new model that is less focused on labor avoidance.

Understanding the differences between collaborative and traditional automation is an important basis for this new model.”

The ROI Model Has Changed

Collaborative robots are commonly used for bin

picking and machine tending applications.
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As businesses around the globe navigate the repercussions of COVID-19 and supply chain interruptions, automation has emerged

as a critical strategy to ensure business continuity. With an uncertain economic future, making effective return-on-investment

(ROI) calculations has become more important than ever.

“Automation project decisions are complex,” says Campbell. “Deployment risk, operational risk, ongoing maintenance requirements

and worker anxiety must be weighed against the flexibility, scalability, cost avoidance and occupational health benefits of

automation. With all the factors to be considered, typical ROI tools used to make these decisions can feel inadequate.

“Traditional ROI and break-even point analyses are easy to understand, but only account for labor cost savings using static, long-

term assumptions to measure expected outcomes,” warns Campbell. “In today’s volatile business environment, these methods can

lead decision-makers to an outcome that is inconsistent with strategic objectives or that is tied to unrealistic expectations of

business stability.

Some manufacturers hesitate to automate due to

concerns over cost, complexity, employee anxiety or

return on investment.
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“Manufacturers that use traditional ROI tools to justify their improvement projects risk more by using a model that can cause

enterprises to become defensive and hesitant in volatile times,” argues Campbell.

“The advent of collaborative automation gives manufacturers new opportunities to calculate ROI,” explains Campbell. “These

proven quantification methods use operational key performance indicators to help a manufacturer decide how to prioritize

automation projects in today’s uncertain world.”

However, Campbell believes that old-school justification worksheets still play an important role in the process. He recommends

using a simple spreadsheet that gathers detailed cost information (or conservative estimates based on industry standards)

related to things such as annual production volume, capacity gains, floor space savings, inventory reduction, rework savings, scrap

savings and warranty savings.

Identify ‘Pain Points’

Making effective return-on-investment calculations

has become more important than ever.

Photo courtesy GE Appliances

One of the best places to start an automation justification project is by identifying “pain points,” which can be everything from

equipment maintenance and unscheduled downtime to material shortages and supply chain disruptions.

“Every company has a different pain point or problem on their assembly line,” says John Tuohy, national account manager at Fanuc

America Corp. “It can be things such as people, quality or throughput.

“You need to look at what your pain point is, the goal you’re trying to accomplish and how automation can possibly help you,”

explains Tuohy. “Since more and more people don’t want to work in factories, robots will have to fill that need.”

“The biggest pain point for most manufacturers today is the severe labor shortage,” adds Matt Charles, sales director at Mobile

Industrial Robots A/S. “That makes it easier for engineers to justify automation investments. I spoke to someone recently who told

me that their HR costs have gone up because they have to continually hire temp workers to address staffing issues related to

people not showing up for work or quitting.”

According to the National Association of Manufacturers, the sector currently has more than 1 million job openings. And, by the end

of this decade, that number could top 2 million.

“To identify pain points, you need to look at your current production challenges,” says Frank Langro, director of product market

management for pneumatic automation at Festo Corp. “Automation can be a solution to issues related to consistency, safety and

throughput. With the current worker shortage, many companies are also looking at ways they can redeploy their employees to

handle value-added tasks.

“When justifying automation, engineers should address three things: why you want to automate; what challenges you want to

overcome; and where you want to improve,” Langro points out. “Be sure to look at the entire process, including how automation will

impact both upstream and downstream processes.”

Robot Rental Reduces Barriers

Manufacturers typically invest in robotics to

address issues related to accuracy, repetitive tasks

and safety.

Photo courtesy ABB Robotics

Cost is the No. 1 reason why manufacturers shy away from investing in automation. However, the robots-for-hire business model is

changing that misperception. Large and small manufacturers in a wide variety of industries are beginning to treat robots as “temp

workers.” It’s part of a new robotics-as-a-service trend.

“Robotics-as-a-service is a way for manufacturers to cost-effectively adopt automation,” says Fanuc’s Tuohy. “Instead of making

a large investment in the capital, a company invests in the process. It works similar to contract manufacturing. Although products

are built on your factory floor, you don’t own the equipment.”

The concept especially appeals to small- and medium-sized manufacturers, because a third-party vendor handles every aspect of

financing, deploying and maintaining robots.

“Traditionally, manufacturers buy robots, which is a lengthy, complex, inflexible and expensive process,” notes Saman Farid, CEO of

Formic Technologies, a new company that “rents” robots from companies such as ABB, Fanuc and UR. “These barriers to entry are

so high for smaller manufacturers that they often refrain from deploying automation altogether.”

Farid claims that his company “delivers customized robots at a low hourly rate with no money upfront and guaranteed uptime.” He

says deployments are 50 percent faster than traditional approaches and save customers 42 percent on their operating expenses

from the first day.

“We provide a way for any manufacturer to easily adopt automation in a simple, risk-free and on-demand way,” explains Farid.

“Manufacturers can do more with automation without high costs or a lengthy and complicated purchasing and deployment

process.”

The biggest “pain point” for most manufacturers

today is the severe labor shortage.

Photo courtesy Mobile Industrial Robots A/S

One company that is bullish on the concept is Polar Hardware Manufacturing Co. The 105-year-old firm on the North Side of

Chicago produces handles, hinges, latches, locks, vents and other types of metal parts used for doors and truck bodies. It recently

worked with Formic to automate its factory for the first time. The application uses a URe collaborative robot to feed a press brake.

Polar Hardware was struggling to meet its production goals and fill orders. “If [we] didn’t automate, we would be out of business,”

says Jose Figuerao, plant manager. ”We cannot compete if we cannot produce.”

The machine tending system can produce 750 parts every 10 hours, which saves about $77,000 a year in labor costs. Engineers

can monitor system performance from Formic’s platform, which delivers analytics in real time.

Polar Hardware recently signed another contract with Formic to add a spot welding robot. The company is also considering

moving from a two-shift to a three-shift operation, which would enable the cobots to run around the clock. With both systems up

and running, Figuerao expects to save around $150,000 per year in operation costs.
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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Production ‘pain points’ should be

identi�ed and well documented.

Justifying Investment
in Automation

Industry 4.0 technology has made it

easier for manufacturers to automate

production processes that have

traditionally involved manual work.
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ustifying automation has never been easier. The Covid pandemic, coupled with a severe worker shortage, a widening skills gap

and the “great resignation,” has increased demand for automated guided vehicles, conveyors, robots and other types of

equipment.

Industry 4.0 technology, such as artificial intelligence, augmented reality and data analytics, has also made it easier for

manufacturers to automate production processes that have traditionally involved manual work.

Today, the upfront costs related to automation are lower than in the past. Traditional barriers to automation have fallen. Factory

automation has become more accessible, easier to implement and more flexible.

However, some manufacturers still hesitate to automate due to concerns over cost, complexity, employee anxiety or return on

investment. Any investments in automation need to be carefully justified by engineers.

“In the old days, it was all about labor reduction,” says Joe Campbell, senior manager of strategic marketing and applications

development at Universal Robots A/S (UR). “That was the only way you justified a project. Now, there’s a lot more focus on

connecting automation to business problems. It’s less about saving labor and more about freeing labor up to work on higher value

processes.

“There’s also a big quality component,” notes Campbell. “More companies realize that if they can’t boost quality or increase their

capacity sufficiently to continue to meet their customer’s needs, they’re at risk of losing that customer.

Factory automation has become more accessible,

easier to implement and more flexible.
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“Justifying big multimillion investments is still a difficult challenge for engineers, but it’s becoming very straightforward for

incremental investments,” claims Campbell.

According to Jon Van Wyck, managing director and partner at the Boston Consulting Group Inc., there’s been a fundamental shift

in how manufacturers regard automation. “More and more, companies are looking at factors such as ergonomics, quality and yield

to justify automation instead of just labor costs,” he points out.

“Typically, manufacturers invest in robotics to address issues related to accuracy, repetitive tasks and safety,” adds Tim Paton,

general industrial and electronics operations manager at ABB Robotics. “The biggest mistake someone can make is thinking of

automation as only a manpower reduction opportunity.

“If you go in with that kind of a mindset, you’ll miss out on a lot of the benefits that come from investing in automation,” warns

Paton. “It’s no longer just about replacing humans with machines. It’s more about doing things more efficiently and more

effectively, while increasing product quality.”

Traditionally, automation was designed for repetitive manufacturing operations with few human workers in the loop. In contrast,

today’s focus on collaborative automation is designed with the notion of working “next to” vs. “instead of” a human worker.

“This makes cobots ideal for short-run, variable processes where they can help a human worker complete a task more efficiently

and effectively,” says UR’s Campbell. “This fundamental change requires a new model that is less focused on labor avoidance.

Understanding the differences between collaborative and traditional automation is an important basis for this new model.”

The ROI Model Has Changed

Collaborative robots are commonly used for bin

picking and machine tending applications.
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As businesses around the globe navigate the repercussions of COVID-19 and supply chain interruptions, automation has emerged

as a critical strategy to ensure business continuity. With an uncertain economic future, making effective return-on-investment

(ROI) calculations has become more important than ever.

“Automation project decisions are complex,” says Campbell. “Deployment risk, operational risk, ongoing maintenance requirements

and worker anxiety must be weighed against the flexibility, scalability, cost avoidance and occupational health benefits of

automation. With all the factors to be considered, typical ROI tools used to make these decisions can feel inadequate.

“Traditional ROI and break-even point analyses are easy to understand, but only account for labor cost savings using static, long-

term assumptions to measure expected outcomes,” warns Campbell. “In today’s volatile business environment, these methods can

lead decision-makers to an outcome that is inconsistent with strategic objectives or that is tied to unrealistic expectations of

business stability.

Some manufacturers hesitate to automate due to

concerns over cost, complexity, employee anxiety or

return on investment.
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“Manufacturers that use traditional ROI tools to justify their improvement projects risk more by using a model that can cause

enterprises to become defensive and hesitant in volatile times,” argues Campbell.

“The advent of collaborative automation gives manufacturers new opportunities to calculate ROI,” explains Campbell. “These

proven quantification methods use operational key performance indicators to help a manufacturer decide how to prioritize

automation projects in today’s uncertain world.”

However, Campbell believes that old-school justification worksheets still play an important role in the process. He recommends

using a simple spreadsheet that gathers detailed cost information (or conservative estimates based on industry standards)

related to things such as annual production volume, capacity gains, floor space savings, inventory reduction, rework savings, scrap

savings and warranty savings.

Identify ‘Pain Points’

Making effective return-on-investment calculations

has become more important than ever.
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One of the best places to start an automation justification project is by identifying “pain points,” which can be everything from

equipment maintenance and unscheduled downtime to material shortages and supply chain disruptions.

“Every company has a different pain point or problem on their assembly line,” says John Tuohy, national account manager at Fanuc

America Corp. “It can be things such as people, quality or throughput.

“You need to look at what your pain point is, the goal you’re trying to accomplish and how automation can possibly help you,”

explains Tuohy. “Since more and more people don’t want to work in factories, robots will have to fill that need.”

“The biggest pain point for most manufacturers today is the severe labor shortage,” adds Matt Charles, sales director at Mobile

Industrial Robots A/S. “That makes it easier for engineers to justify automation investments. I spoke to someone recently who told

me that their HR costs have gone up because they have to continually hire temp workers to address staffing issues related to

people not showing up for work or quitting.”

According to the National Association of Manufacturers, the sector currently has more than 1 million job openings. And, by the end

of this decade, that number could top 2 million.

“To identify pain points, you need to look at your current production challenges,” says Frank Langro, director of product market

management for pneumatic automation at Festo Corp. “Automation can be a solution to issues related to consistency, safety and

throughput. With the current worker shortage, many companies are also looking at ways they can redeploy their employees to

handle value-added tasks.

“When justifying automation, engineers should address three things: why you want to automate; what challenges you want to

overcome; and where you want to improve,” Langro points out. “Be sure to look at the entire process, including how automation will

impact both upstream and downstream processes.”

Robot Rental Reduces Barriers

Manufacturers typically invest in robotics to

address issues related to accuracy, repetitive tasks

and safety.
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Cost is the No. 1 reason why manufacturers shy away from investing in automation. However, the robots-for-hire business model is

changing that misperception. Large and small manufacturers in a wide variety of industries are beginning to treat robots as “temp

workers.” It’s part of a new robotics-as-a-service trend.

“Robotics-as-a-service is a way for manufacturers to cost-effectively adopt automation,” says Fanuc’s Tuohy. “Instead of making

a large investment in the capital, a company invests in the process. It works similar to contract manufacturing. Although products

are built on your factory floor, you don’t own the equipment.”

The concept especially appeals to small- and medium-sized manufacturers, because a third-party vendor handles every aspect of

financing, deploying and maintaining robots.

“Traditionally, manufacturers buy robots, which is a lengthy, complex, inflexible and expensive process,” notes Saman Farid, CEO of

Formic Technologies, a new company that “rents” robots from companies such as ABB, Fanuc and UR. “These barriers to entry are

so high for smaller manufacturers that they often refrain from deploying automation altogether.”

Farid claims that his company “delivers customized robots at a low hourly rate with no money upfront and guaranteed uptime.” He

says deployments are 50 percent faster than traditional approaches and save customers 42 percent on their operating expenses

from the first day.

“We provide a way for any manufacturer to easily adopt automation in a simple, risk-free and on-demand way,” explains Farid.

“Manufacturers can do more with automation without high costs or a lengthy and complicated purchasing and deployment

process.”

The biggest “pain point” for most manufacturers

today is the severe labor shortage.
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One company that is bullish on the concept is Polar Hardware Manufacturing Co. The 105-year-old firm on the North Side of

Chicago produces handles, hinges, latches, locks, vents and other types of metal parts used for doors and truck bodies. It recently

worked with Formic to automate its factory for the first time. The application uses a URe collaborative robot to feed a press brake.

Polar Hardware was struggling to meet its production goals and fill orders. “If [we] didn’t automate, we would be out of business,”

says Jose Figuerao, plant manager. ”We cannot compete if we cannot produce.”

The machine tending system can produce 750 parts every 10 hours, which saves about $77,000 a year in labor costs. Engineers

can monitor system performance from Formic’s platform, which delivers analytics in real time.

Polar Hardware recently signed another contract with Formic to add a spot welding robot. The company is also considering

moving from a two-shift to a three-shift operation, which would enable the cobots to run around the clock. With both systems up

and running, Figuerao expects to save around $150,000 per year in operation costs.
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When assessing an assembly line,

experts look for flexibility and space
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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ustifying automation has never been easier. The Covid pandemic, coupled with a severe worker shortage, a widening skills gap

and the “great resignation,” has increased demand for automated guided vehicles, conveyors, robots and other types of

equipment.

Industry 4.0 technology, such as artificial intelligence, augmented reality and data analytics, has also made it easier for

manufacturers to automate production processes that have traditionally involved manual work.

Today, the upfront costs related to automation are lower than in the past. Traditional barriers to automation have fallen. Factory

automation has become more accessible, easier to implement and more flexible.

However, some manufacturers still hesitate to automate due to concerns over cost, complexity, employee anxiety or return on

investment. Any investments in automation need to be carefully justified by engineers.

“In the old days, it was all about labor reduction,” says Joe Campbell, senior manager of strategic marketing and applications

development at Universal Robots A/S (UR). “That was the only way you justified a project. Now, there’s a lot more focus on

connecting automation to business problems. It’s less about saving labor and more about freeing labor up to work on higher value

processes.

“There’s also a big quality component,” notes Campbell. “More companies realize that if they can’t boost quality or increase their

capacity sufficiently to continue to meet their customer’s needs, they’re at risk of losing that customer.

Factory automation has become more accessible,

easier to implement and more flexible.
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“Justifying big multimillion investments is still a difficult challenge for engineers, but it’s becoming very straightforward for

incremental investments,” claims Campbell.

According to Jon Van Wyck, managing director and partner at the Boston Consulting Group Inc., there’s been a fundamental shift

in how manufacturers regard automation. “More and more, companies are looking at factors such as ergonomics, quality and yield

to justify automation instead of just labor costs,” he points out.

“Typically, manufacturers invest in robotics to address issues related to accuracy, repetitive tasks and safety,” adds Tim Paton,

general industrial and electronics operations manager at ABB Robotics. “The biggest mistake someone can make is thinking of

automation as only a manpower reduction opportunity.

“If you go in with that kind of a mindset, you’ll miss out on a lot of the benefits that come from investing in automation,” warns

Paton. “It’s no longer just about replacing humans with machines. It’s more about doing things more efficiently and more

effectively, while increasing product quality.”

Traditionally, automation was designed for repetitive manufacturing operations with few human workers in the loop. In contrast,

today’s focus on collaborative automation is designed with the notion of working “next to” vs. “instead of” a human worker.

“This makes cobots ideal for short-run, variable processes where they can help a human worker complete a task more efficiently

and effectively,” says UR’s Campbell. “This fundamental change requires a new model that is less focused on labor avoidance.

Understanding the differences between collaborative and traditional automation is an important basis for this new model.”

The ROI Model Has Changed

Collaborative robots are commonly used for bin

picking and machine tending applications.
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As businesses around the globe navigate the repercussions of COVID-19 and supply chain interruptions, automation has emerged

as a critical strategy to ensure business continuity. With an uncertain economic future, making effective return-on-investment

(ROI) calculations has become more important than ever.

“Automation project decisions are complex,” says Campbell. “Deployment risk, operational risk, ongoing maintenance requirements

and worker anxiety must be weighed against the flexibility, scalability, cost avoidance and occupational health benefits of

automation. With all the factors to be considered, typical ROI tools used to make these decisions can feel inadequate.

“Traditional ROI and break-even point analyses are easy to understand, but only account for labor cost savings using static, long-

term assumptions to measure expected outcomes,” warns Campbell. “In today’s volatile business environment, these methods can

lead decision-makers to an outcome that is inconsistent with strategic objectives or that is tied to unrealistic expectations of

business stability.

Some manufacturers hesitate to automate due to

concerns over cost, complexity, employee anxiety or

return on investment.
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“Manufacturers that use traditional ROI tools to justify their improvement projects risk more by using a model that can cause

enterprises to become defensive and hesitant in volatile times,” argues Campbell.

“The advent of collaborative automation gives manufacturers new opportunities to calculate ROI,” explains Campbell. “These

proven quantification methods use operational key performance indicators to help a manufacturer decide how to prioritize

automation projects in today’s uncertain world.”

However, Campbell believes that old-school justification worksheets still play an important role in the process. He recommends

using a simple spreadsheet that gathers detailed cost information (or conservative estimates based on industry standards)

related to things such as annual production volume, capacity gains, floor space savings, inventory reduction, rework savings, scrap

savings and warranty savings.

Identify ‘Pain Points’

Making effective return-on-investment calculations

has become more important than ever.
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One of the best places to start an automation justification project is by identifying “pain points,” which can be everything from

equipment maintenance and unscheduled downtime to material shortages and supply chain disruptions.

“Every company has a different pain point or problem on their assembly line,” says John Tuohy, national account manager at Fanuc

America Corp. “It can be things such as people, quality or throughput.

“You need to look at what your pain point is, the goal you’re trying to accomplish and how automation can possibly help you,”

explains Tuohy. “Since more and more people don’t want to work in factories, robots will have to fill that need.”

“The biggest pain point for most manufacturers today is the severe labor shortage,” adds Matt Charles, sales director at Mobile

Industrial Robots A/S. “That makes it easier for engineers to justify automation investments. I spoke to someone recently who told

me that their HR costs have gone up because they have to continually hire temp workers to address staffing issues related to

people not showing up for work or quitting.”

According to the National Association of Manufacturers, the sector currently has more than 1 million job openings. And, by the end

of this decade, that number could top 2 million.

“To identify pain points, you need to look at your current production challenges,” says Frank Langro, director of product market

management for pneumatic automation at Festo Corp. “Automation can be a solution to issues related to consistency, safety and

throughput. With the current worker shortage, many companies are also looking at ways they can redeploy their employees to

handle value-added tasks.

“When justifying automation, engineers should address three things: why you want to automate; what challenges you want to

overcome; and where you want to improve,” Langro points out. “Be sure to look at the entire process, including how automation will

impact both upstream and downstream processes.”

Robot Rental Reduces Barriers

Manufacturers typically invest in robotics to

address issues related to accuracy, repetitive tasks

and safety.
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Cost is the No. 1 reason why manufacturers shy away from investing in automation. However, the robots-for-hire business model is

changing that misperception. Large and small manufacturers in a wide variety of industries are beginning to treat robots as “temp

workers.” It’s part of a new robotics-as-a-service trend.

“Robotics-as-a-service is a way for manufacturers to cost-effectively adopt automation,” says Fanuc’s Tuohy. “Instead of making

a large investment in the capital, a company invests in the process. It works similar to contract manufacturing. Although products

are built on your factory floor, you don’t own the equipment.”

The concept especially appeals to small- and medium-sized manufacturers, because a third-party vendor handles every aspect of

financing, deploying and maintaining robots.

“Traditionally, manufacturers buy robots, which is a lengthy, complex, inflexible and expensive process,” notes Saman Farid, CEO of

Formic Technologies, a new company that “rents” robots from companies such as ABB, Fanuc and UR. “These barriers to entry are

so high for smaller manufacturers that they often refrain from deploying automation altogether.”

Farid claims that his company “delivers customized robots at a low hourly rate with no money upfront and guaranteed uptime.” He

says deployments are 50 percent faster than traditional approaches and save customers 42 percent on their operating expenses

from the first day.

“We provide a way for any manufacturer to easily adopt automation in a simple, risk-free and on-demand way,” explains Farid.

“Manufacturers can do more with automation without high costs or a lengthy and complicated purchasing and deployment

process.”

The biggest “pain point” for most manufacturers

today is the severe labor shortage.

Photo courtesy Mobile Industrial Robots A/S

One company that is bullish on the concept is Polar Hardware Manufacturing Co. The 105-year-old firm on the North Side of

Chicago produces handles, hinges, latches, locks, vents and other types of metal parts used for doors and truck bodies. It recently

worked with Formic to automate its factory for the first time. The application uses a URe collaborative robot to feed a press brake.

Polar Hardware was struggling to meet its production goals and fill orders. “If [we] didn’t automate, we would be out of business,”

says Jose Figuerao, plant manager. ”We cannot compete if we cannot produce.”

The machine tending system can produce 750 parts every 10 hours, which saves about $77,000 a year in labor costs. Engineers

can monitor system performance from Formic’s platform, which delivers analytics in real time.

Polar Hardware recently signed another contract with Formic to add a spot welding robot. The company is also considering

moving from a two-shift to a three-shift operation, which would enable the cobots to run around the clock. With both systems up

and running, Figuerao expects to save around $150,000 per year in operation costs.
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ustifying automation has never been easier. The Covid pandemic, coupled with a severe worker shortage, a widening skills gap

and the “great resignation,” has increased demand for automated guided vehicles, conveyors, robots and other types of

equipment.

Industry 4.0 technology, such as artificial intelligence, augmented reality and data analytics, has also made it easier for

manufacturers to automate production processes that have traditionally involved manual work.

Today, the upfront costs related to automation are lower than in the past. Traditional barriers to automation have fallen. Factory

automation has become more accessible, easier to implement and more flexible.

However, some manufacturers still hesitate to automate due to concerns over cost, complexity, employee anxiety or return on

investment. Any investments in automation need to be carefully justified by engineers.

“In the old days, it was all about labor reduction,” says Joe Campbell, senior manager of strategic marketing and applications

development at Universal Robots A/S (UR). “That was the only way you justified a project. Now, there’s a lot more focus on

connecting automation to business problems. It’s less about saving labor and more about freeing labor up to work on higher value

processes.

“There’s also a big quality component,” notes Campbell. “More companies realize that if they can’t boost quality or increase their

capacity sufficiently to continue to meet their customer’s needs, they’re at risk of losing that customer.

Factory automation has become more accessible,

easier to implement and more flexible.
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“Justifying big multimillion investments is still a difficult challenge for engineers, but it’s becoming very straightforward for

incremental investments,” claims Campbell.

According to Jon Van Wyck, managing director and partner at the Boston Consulting Group Inc., there’s been a fundamental shift

in how manufacturers regard automation. “More and more, companies are looking at factors such as ergonomics, quality and yield

to justify automation instead of just labor costs,” he points out.

“Typically, manufacturers invest in robotics to address issues related to accuracy, repetitive tasks and safety,” adds Tim Paton,

general industrial and electronics operations manager at ABB Robotics. “The biggest mistake someone can make is thinking of

automation as only a manpower reduction opportunity.

“If you go in with that kind of a mindset, you’ll miss out on a lot of the benefits that come from investing in automation,” warns

Paton. “It’s no longer just about replacing humans with machines. It’s more about doing things more efficiently and more

effectively, while increasing product quality.”

Traditionally, automation was designed for repetitive manufacturing operations with few human workers in the loop. In contrast,

today’s focus on collaborative automation is designed with the notion of working “next to” vs. “instead of” a human worker.

“This makes cobots ideal for short-run, variable processes where they can help a human worker complete a task more efficiently

and effectively,” says UR’s Campbell. “This fundamental change requires a new model that is less focused on labor avoidance.

Understanding the differences between collaborative and traditional automation is an important basis for this new model.”

The ROI Model Has Changed

Collaborative robots are commonly used for bin

picking and machine tending applications.
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As businesses around the globe navigate the repercussions of COVID-19 and supply chain interruptions, automation has emerged

as a critical strategy to ensure business continuity. With an uncertain economic future, making effective return-on-investment

(ROI) calculations has become more important than ever.

“Automation project decisions are complex,” says Campbell. “Deployment risk, operational risk, ongoing maintenance requirements

and worker anxiety must be weighed against the flexibility, scalability, cost avoidance and occupational health benefits of

automation. With all the factors to be considered, typical ROI tools used to make these decisions can feel inadequate.

“Traditional ROI and break-even point analyses are easy to understand, but only account for labor cost savings using static, long-

term assumptions to measure expected outcomes,” warns Campbell. “In today’s volatile business environment, these methods can

lead decision-makers to an outcome that is inconsistent with strategic objectives or that is tied to unrealistic expectations of

business stability.

Some manufacturers hesitate to automate due to

concerns over cost, complexity, employee anxiety or

return on investment.
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“Manufacturers that use traditional ROI tools to justify their improvement projects risk more by using a model that can cause

enterprises to become defensive and hesitant in volatile times,” argues Campbell.

“The advent of collaborative automation gives manufacturers new opportunities to calculate ROI,” explains Campbell. “These

proven quantification methods use operational key performance indicators to help a manufacturer decide how to prioritize

automation projects in today’s uncertain world.”

However, Campbell believes that old-school justification worksheets still play an important role in the process. He recommends

using a simple spreadsheet that gathers detailed cost information (or conservative estimates based on industry standards)

related to things such as annual production volume, capacity gains, floor space savings, inventory reduction, rework savings, scrap

savings and warranty savings.

Identify ‘Pain Points’

Making effective return-on-investment calculations

has become more important than ever.
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One of the best places to start an automation justification project is by identifying “pain points,” which can be everything from

equipment maintenance and unscheduled downtime to material shortages and supply chain disruptions.

“Every company has a different pain point or problem on their assembly line,” says John Tuohy, national account manager at Fanuc

America Corp. “It can be things such as people, quality or throughput.

“You need to look at what your pain point is, the goal you’re trying to accomplish and how automation can possibly help you,”

explains Tuohy. “Since more and more people don’t want to work in factories, robots will have to fill that need.”

“The biggest pain point for most manufacturers today is the severe labor shortage,” adds Matt Charles, sales director at Mobile

Industrial Robots A/S. “That makes it easier for engineers to justify automation investments. I spoke to someone recently who told

me that their HR costs have gone up because they have to continually hire temp workers to address staffing issues related to

people not showing up for work or quitting.”

According to the National Association of Manufacturers, the sector currently has more than 1 million job openings. And, by the end

of this decade, that number could top 2 million.

“To identify pain points, you need to look at your current production challenges,” says Frank Langro, director of product market

management for pneumatic automation at Festo Corp. “Automation can be a solution to issues related to consistency, safety and

throughput. With the current worker shortage, many companies are also looking at ways they can redeploy their employees to

handle value-added tasks.

“When justifying automation, engineers should address three things: why you want to automate; what challenges you want to

overcome; and where you want to improve,” Langro points out. “Be sure to look at the entire process, including how automation will

impact both upstream and downstream processes.”

Robot Rental Reduces Barriers

Manufacturers typically invest in robotics to

address issues related to accuracy, repetitive tasks

and safety.
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Cost is the No. 1 reason why manufacturers shy away from investing in automation. However, the robots-for-hire business model is

changing that misperception. Large and small manufacturers in a wide variety of industries are beginning to treat robots as “temp

workers.” It’s part of a new robotics-as-a-service trend.

“Robotics-as-a-service is a way for manufacturers to cost-effectively adopt automation,” says Fanuc’s Tuohy. “Instead of making

a large investment in the capital, a company invests in the process. It works similar to contract manufacturing. Although products

are built on your factory floor, you don’t own the equipment.”

The concept especially appeals to small- and medium-sized manufacturers, because a third-party vendor handles every aspect of

financing, deploying and maintaining robots.

“Traditionally, manufacturers buy robots, which is a lengthy, complex, inflexible and expensive process,” notes Saman Farid, CEO of

Formic Technologies, a new company that “rents” robots from companies such as ABB, Fanuc and UR. “These barriers to entry are

so high for smaller manufacturers that they often refrain from deploying automation altogether.”

Farid claims that his company “delivers customized robots at a low hourly rate with no money upfront and guaranteed uptime.” He

says deployments are 50 percent faster than traditional approaches and save customers 42 percent on their operating expenses

from the first day.

“We provide a way for any manufacturer to easily adopt automation in a simple, risk-free and on-demand way,” explains Farid.

“Manufacturers can do more with automation without high costs or a lengthy and complicated purchasing and deployment

process.”

The biggest “pain point” for most manufacturers

today is the severe labor shortage.
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One company that is bullish on the concept is Polar Hardware Manufacturing Co. The 105-year-old firm on the North Side of

Chicago produces handles, hinges, latches, locks, vents and other types of metal parts used for doors and truck bodies. It recently

worked with Formic to automate its factory for the first time. The application uses a URe collaborative robot to feed a press brake.

Polar Hardware was struggling to meet its production goals and fill orders. “If [we] didn’t automate, we would be out of business,”

says Jose Figuerao, plant manager. ”We cannot compete if we cannot produce.”

The machine tending system can produce 750 parts every 10 hours, which saves about $77,000 a year in labor costs. Engineers

can monitor system performance from Formic’s platform, which delivers analytics in real time.

Polar Hardware recently signed another contract with Formic to add a spot welding robot. The company is also considering

moving from a two-shift to a three-shift operation, which would enable the cobots to run around the clock. With both systems up

and running, Figuerao expects to save around $150,000 per year in operation costs.
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ustifying automation has never been easier. The Covid pandemic, coupled with a severe worker shortage, a widening skills gap

and the “great resignation,” has increased demand for automated guided vehicles, conveyors, robots and other types of

equipment.

Industry 4.0 technology, such as artificial intelligence, augmented reality and data analytics, has also made it easier for

manufacturers to automate production processes that have traditionally involved manual work.

Today, the upfront costs related to automation are lower than in the past. Traditional barriers to automation have fallen. Factory

automation has become more accessible, easier to implement and more flexible.

However, some manufacturers still hesitate to automate due to concerns over cost, complexity, employee anxiety or return on

investment. Any investments in automation need to be carefully justified by engineers.

“In the old days, it was all about labor reduction,” says Joe Campbell, senior manager of strategic marketing and applications

development at Universal Robots A/S (UR). “That was the only way you justified a project. Now, there’s a lot more focus on

connecting automation to business problems. It’s less about saving labor and more about freeing labor up to work on higher value

processes.

“There’s also a big quality component,” notes Campbell. “More companies realize that if they can’t boost quality or increase their

capacity sufficiently to continue to meet their customer’s needs, they’re at risk of losing that customer.

Factory automation has become more accessible,

easier to implement and more flexible.
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“Justifying big multimillion investments is still a difficult challenge for engineers, but it’s becoming very straightforward for

incremental investments,” claims Campbell.

According to Jon Van Wyck, managing director and partner at the Boston Consulting Group Inc., there’s been a fundamental shift

in how manufacturers regard automation. “More and more, companies are looking at factors such as ergonomics, quality and yield

to justify automation instead of just labor costs,” he points out.

“Typically, manufacturers invest in robotics to address issues related to accuracy, repetitive tasks and safety,” adds Tim Paton,

general industrial and electronics operations manager at ABB Robotics. “The biggest mistake someone can make is thinking of

automation as only a manpower reduction opportunity.

“If you go in with that kind of a mindset, you’ll miss out on a lot of the benefits that come from investing in automation,” warns

Paton. “It’s no longer just about replacing humans with machines. It’s more about doing things more efficiently and more

effectively, while increasing product quality.”

Traditionally, automation was designed for repetitive manufacturing operations with few human workers in the loop. In contrast,

today’s focus on collaborative automation is designed with the notion of working “next to” vs. “instead of” a human worker.

“This makes cobots ideal for short-run, variable processes where they can help a human worker complete a task more efficiently

and effectively,” says UR’s Campbell. “This fundamental change requires a new model that is less focused on labor avoidance.

Understanding the differences between collaborative and traditional automation is an important basis for this new model.”

The ROI Model Has Changed

Collaborative robots are commonly used for bin

picking and machine tending applications.
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As businesses around the globe navigate the repercussions of COVID-19 and supply chain interruptions, automation has emerged

as a critical strategy to ensure business continuity. With an uncertain economic future, making effective return-on-investment

(ROI) calculations has become more important than ever.

“Automation project decisions are complex,” says Campbell. “Deployment risk, operational risk, ongoing maintenance requirements

and worker anxiety must be weighed against the flexibility, scalability, cost avoidance and occupational health benefits of

automation. With all the factors to be considered, typical ROI tools used to make these decisions can feel inadequate.

“Traditional ROI and break-even point analyses are easy to understand, but only account for labor cost savings using static, long-

term assumptions to measure expected outcomes,” warns Campbell. “In today’s volatile business environment, these methods can

lead decision-makers to an outcome that is inconsistent with strategic objectives or that is tied to unrealistic expectations of

business stability.

Some manufacturers hesitate to automate due to

concerns over cost, complexity, employee anxiety or

return on investment.
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“Manufacturers that use traditional ROI tools to justify their improvement projects risk more by using a model that can cause

enterprises to become defensive and hesitant in volatile times,” argues Campbell.

“The advent of collaborative automation gives manufacturers new opportunities to calculate ROI,” explains Campbell. “These

proven quantification methods use operational key performance indicators to help a manufacturer decide how to prioritize

automation projects in today’s uncertain world.”

However, Campbell believes that old-school justification worksheets still play an important role in the process. He recommends

using a simple spreadsheet that gathers detailed cost information (or conservative estimates based on industry standards)

related to things such as annual production volume, capacity gains, floor space savings, inventory reduction, rework savings, scrap

savings and warranty savings.

Identify ‘Pain Points’

Making effective return-on-investment calculations

has become more important than ever.
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One of the best places to start an automation justification project is by identifying “pain points,” which can be everything from

equipment maintenance and unscheduled downtime to material shortages and supply chain disruptions.

“Every company has a different pain point or problem on their assembly line,” says John Tuohy, national account manager at Fanuc

America Corp. “It can be things such as people, quality or throughput.

“You need to look at what your pain point is, the goal you’re trying to accomplish and how automation can possibly help you,”

explains Tuohy. “Since more and more people don’t want to work in factories, robots will have to fill that need.”

“The biggest pain point for most manufacturers today is the severe labor shortage,” adds Matt Charles, sales director at Mobile

Industrial Robots A/S. “That makes it easier for engineers to justify automation investments. I spoke to someone recently who told

me that their HR costs have gone up because they have to continually hire temp workers to address staffing issues related to

people not showing up for work or quitting.”

According to the National Association of Manufacturers, the sector currently has more than 1 million job openings. And, by the end

of this decade, that number could top 2 million.

“To identify pain points, you need to look at your current production challenges,” says Frank Langro, director of product market

management for pneumatic automation at Festo Corp. “Automation can be a solution to issues related to consistency, safety and

throughput. With the current worker shortage, many companies are also looking at ways they can redeploy their employees to

handle value-added tasks.

“When justifying automation, engineers should address three things: why you want to automate; what challenges you want to

overcome; and where you want to improve,” Langro points out. “Be sure to look at the entire process, including how automation will

impact both upstream and downstream processes.”

Robot Rental Reduces Barriers

Manufacturers typically invest in robotics to

address issues related to accuracy, repetitive tasks

and safety.

Photo courtesy ABB Robotics

Cost is the No. 1 reason why manufacturers shy away from investing in automation. However, the robots-for-hire business model is

changing that misperception. Large and small manufacturers in a wide variety of industries are beginning to treat robots as “temp

workers.” It’s part of a new robotics-as-a-service trend.

“Robotics-as-a-service is a way for manufacturers to cost-effectively adopt automation,” says Fanuc’s Tuohy. “Instead of making

a large investment in the capital, a company invests in the process. It works similar to contract manufacturing. Although products

are built on your factory floor, you don’t own the equipment.”

The concept especially appeals to small- and medium-sized manufacturers, because a third-party vendor handles every aspect of

financing, deploying and maintaining robots.

“Traditionally, manufacturers buy robots, which is a lengthy, complex, inflexible and expensive process,” notes Saman Farid, CEO of

Formic Technologies, a new company that “rents” robots from companies such as ABB, Fanuc and UR. “These barriers to entry are

so high for smaller manufacturers that they often refrain from deploying automation altogether.”

Farid claims that his company “delivers customized robots at a low hourly rate with no money upfront and guaranteed uptime.” He

says deployments are 50 percent faster than traditional approaches and save customers 42 percent on their operating expenses

from the first day.

“We provide a way for any manufacturer to easily adopt automation in a simple, risk-free and on-demand way,” explains Farid.

“Manufacturers can do more with automation without high costs or a lengthy and complicated purchasing and deployment

process.”

The biggest “pain point” for most manufacturers

today is the severe labor shortage.

Photo courtesy Mobile Industrial Robots A/S

One company that is bullish on the concept is Polar Hardware Manufacturing Co. The 105-year-old firm on the North Side of

Chicago produces handles, hinges, latches, locks, vents and other types of metal parts used for doors and truck bodies. It recently

worked with Formic to automate its factory for the first time. The application uses a URe collaborative robot to feed a press brake.

Polar Hardware was struggling to meet its production goals and fill orders. “If [we] didn’t automate, we would be out of business,”

says Jose Figuerao, plant manager. ”We cannot compete if we cannot produce.”

The machine tending system can produce 750 parts every 10 hours, which saves about $77,000 a year in labor costs. Engineers

can monitor system performance from Formic’s platform, which delivers analytics in real time.

Polar Hardware recently signed another contract with Formic to add a spot welding robot. The company is also considering

moving from a two-shift to a three-shift operation, which would enable the cobots to run around the clock. With both systems up

and running, Figuerao expects to save around $150,000 per year in operation costs.
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Before attempting to automate

an assembly process, engineers

should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.

Photo courtesy �nu�a �nc 

“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”

ASSEMBLY ONLINE
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Production ‘pain points’ should be

identi�ed and well documented.

Justifying Investment
in Automation

Industry 4.0 technology has made it

easier for manufacturers to automate

production processes that have

traditionally involved manual work.
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J

ustifying automation has never been easier. The Covid pandemic, coupled with a severe worker shortage, a widening skills gap

and the “great resignation,” has increased demand for automated guided vehicles, conveyors, robots and other types of

equipment.

Industry 4.0 technology, such as artificial intelligence, augmented reality and data analytics, has also made it easier for

manufacturers to automate production processes that have traditionally involved manual work.

Today, the upfront costs related to automation are lower than in the past. Traditional barriers to automation have fallen. Factory

automation has become more accessible, easier to implement and more flexible.

However, some manufacturers still hesitate to automate due to concerns over cost, complexity, employee anxiety or return on

investment. Any investments in automation need to be carefully justified by engineers.

“In the old days, it was all about labor reduction,” says Joe Campbell, senior manager of strategic marketing and applications

development at Universal Robots A/S (UR). “That was the only way you justified a project. Now, there’s a lot more focus on

connecting automation to business problems. It’s less about saving labor and more about freeing labor up to work on higher value

processes.

“There’s also a big quality component,” notes Campbell. “More companies realize that if they can’t boost quality or increase their

capacity sufficiently to continue to meet their customer’s needs, they’re at risk of losing that customer.

Factory automation has become more accessible,

easier to implement and more flexible.
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“Justifying big multimillion investments is still a difficult challenge for engineers, but it’s becoming very straightforward for

incremental investments,” claims Campbell.

According to Jon Van Wyck, managing director and partner at the Boston Consulting Group Inc., there’s been a fundamental shift

in how manufacturers regard automation. “More and more, companies are looking at factors such as ergonomics, quality and yield

to justify automation instead of just labor costs,” he points out.

“Typically, manufacturers invest in robotics to address issues related to accuracy, repetitive tasks and safety,” adds Tim Paton,

general industrial and electronics operations manager at ABB Robotics. “The biggest mistake someone can make is thinking of

automation as only a manpower reduction opportunity.

“If you go in with that kind of a mindset, you’ll miss out on a lot of the benefits that come from investing in automation,” warns

Paton. “It’s no longer just about replacing humans with machines. It’s more about doing things more efficiently and more

effectively, while increasing product quality.”

Traditionally, automation was designed for repetitive manufacturing operations with few human workers in the loop. In contrast,

today’s focus on collaborative automation is designed with the notion of working “next to” vs. “instead of” a human worker.

“This makes cobots ideal for short-run, variable processes where they can help a human worker complete a task more efficiently

and effectively,” says UR’s Campbell. “This fundamental change requires a new model that is less focused on labor avoidance.

Understanding the differences between collaborative and traditional automation is an important basis for this new model.”

The ROI Model Has Changed

Collaborative robots are commonly used for bin

picking and machine tending applications.
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As businesses around the globe navigate the repercussions of COVID-19 and supply chain interruptions, automation has emerged

as a critical strategy to ensure business continuity. With an uncertain economic future, making effective return-on-investment

(ROI) calculations has become more important than ever.

“Automation project decisions are complex,” says Campbell. “Deployment risk, operational risk, ongoing maintenance requirements

and worker anxiety must be weighed against the flexibility, scalability, cost avoidance and occupational health benefits of

automation. With all the factors to be considered, typical ROI tools used to make these decisions can feel inadequate.

“Traditional ROI and break-even point analyses are easy to understand, but only account for labor cost savings using static, long-

term assumptions to measure expected outcomes,” warns Campbell. “In today’s volatile business environment, these methods can

lead decision-makers to an outcome that is inconsistent with strategic objectives or that is tied to unrealistic expectations of

business stability.

Some manufacturers hesitate to automate due to

concerns over cost, complexity, employee anxiety or

return on investment.

Photo courtesy General Motors

“Manufacturers that use traditional ROI tools to justify their improvement projects risk more by using a model that can cause

enterprises to become defensive and hesitant in volatile times,” argues Campbell.

“The advent of collaborative automation gives manufacturers new opportunities to calculate ROI,” explains Campbell. “These

proven quantification methods use operational key performance indicators to help a manufacturer decide how to prioritize

automation projects in today’s uncertain world.”

However, Campbell believes that old-school justification worksheets still play an important role in the process. He recommends

using a simple spreadsheet that gathers detailed cost information (or conservative estimates based on industry standards)

related to things such as annual production volume, capacity gains, floor space savings, inventory reduction, rework savings, scrap

savings and warranty savings.

Identify ‘Pain Points’

Making effective return-on-investment calculations

has become more important than ever.
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One of the best places to start an automation justification project is by identifying “pain points,” which can be everything from

equipment maintenance and unscheduled downtime to material shortages and supply chain disruptions.

“Every company has a different pain point or problem on their assembly line,” says John Tuohy, national account manager at Fanuc

America Corp. “It can be things such as people, quality or throughput.

“You need to look at what your pain point is, the goal you’re trying to accomplish and how automation can possibly help you,”

explains Tuohy. “Since more and more people don’t want to work in factories, robots will have to fill that need.”

“The biggest pain point for most manufacturers today is the severe labor shortage,” adds Matt Charles, sales director at Mobile

Industrial Robots A/S. “That makes it easier for engineers to justify automation investments. I spoke to someone recently who told

me that their HR costs have gone up because they have to continually hire temp workers to address staffing issues related to

people not showing up for work or quitting.”

According to the National Association of Manufacturers, the sector currently has more than 1 million job openings. And, by the end

of this decade, that number could top 2 million.

“To identify pain points, you need to look at your current production challenges,” says Frank Langro, director of product market

management for pneumatic automation at Festo Corp. “Automation can be a solution to issues related to consistency, safety and

throughput. With the current worker shortage, many companies are also looking at ways they can redeploy their employees to

handle value-added tasks.

“When justifying automation, engineers should address three things: why you want to automate; what challenges you want to

overcome; and where you want to improve,” Langro points out. “Be sure to look at the entire process, including how automation will

impact both upstream and downstream processes.”

Robot Rental Reduces Barriers

Manufacturers typically invest in robotics to

address issues related to accuracy, repetitive tasks

and safety.
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Cost is the No. 1 reason why manufacturers shy away from investing in automation. However, the robots-for-hire business model is

changing that misperception. Large and small manufacturers in a wide variety of industries are beginning to treat robots as “temp

workers.” It’s part of a new robotics-as-a-service trend.

“Robotics-as-a-service is a way for manufacturers to cost-effectively adopt automation,” says Fanuc’s Tuohy. “Instead of making

a large investment in the capital, a company invests in the process. It works similar to contract manufacturing. Although products

are built on your factory floor, you don’t own the equipment.”

The concept especially appeals to small- and medium-sized manufacturers, because a third-party vendor handles every aspect of

financing, deploying and maintaining robots.

“Traditionally, manufacturers buy robots, which is a lengthy, complex, inflexible and expensive process,” notes Saman Farid, CEO of

Formic Technologies, a new company that “rents” robots from companies such as ABB, Fanuc and UR. “These barriers to entry are

so high for smaller manufacturers that they often refrain from deploying automation altogether.”

Farid claims that his company “delivers customized robots at a low hourly rate with no money upfront and guaranteed uptime.” He

says deployments are 50 percent faster than traditional approaches and save customers 42 percent on their operating expenses

from the first day.

“We provide a way for any manufacturer to easily adopt automation in a simple, risk-free and on-demand way,” explains Farid.

“Manufacturers can do more with automation without high costs or a lengthy and complicated purchasing and deployment

process.”

The biggest “pain point” for most manufacturers

today is the severe labor shortage.
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One company that is bullish on the concept is Polar Hardware Manufacturing Co. The 105-year-old firm on the North Side of

Chicago produces handles, hinges, latches, locks, vents and other types of metal parts used for doors and truck bodies. It recently

worked with Formic to automate its factory for the first time. The application uses a URe collaborative robot to feed a press brake.

Polar Hardware was struggling to meet its production goals and fill orders. “If [we] didn’t automate, we would be out of business,”

says Jose Figuerao, plant manager. ”We cannot compete if we cannot produce.”

The machine tending system can produce 750 parts every 10 hours, which saves about $77,000 a year in labor costs. Engineers

can monitor system performance from Formic’s platform, which delivers analytics in real time.

Polar Hardware recently signed another contract with Formic to add a spot welding robot. The company is also considering

moving from a two-shift to a three-shift operation, which would enable the cobots to run around the clock. With both systems up

and running, Figuerao expects to save around $150,000 per year in operation costs.
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should have speci�c goals to

achieve or problems to solve�

Assessing the Current State

When assessing an assembly line,

experts look for flexibility and space

utilization.
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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P

oet and civil rights activist Maya Angelou wrote, “You can’t really know where you are going until you know where you have

been.”

In a way, Microsoft co-founder Bill Gates has similar advice: “The first rule of any technology used in a business is that automation

applied to an efficient operation will magnify the efficiency. The second is that automation applied to an inefficient operation will

magnify the inefficiency.”

Whether it be a robot or artificial intelligence software, applying automation simply for its own sake is a recipe for disaster. Before

attempting to automate an assembly process, engineers should have specific goals to achieve or problems to solve. Identifying

those goals starts with a thorough assessment of the assembly line. Ultimately, that assessment may reveal that automation is

not even necessary.

Art Smalley, president of the Art of Lean Inc. and a former engineer at Toyota Motor Corp., has seen a lot of assembly lines in the

course of his 34-year career in manufacturing. When he assesses a line, he looks at two things initially.

“Space utilization is one,” he says. “A bad assembly line will use too much space, which eventually drives up cost in one form or

another. I also look at the flexibility of the line in terms of resources. Can you add or subtract labor efficiently as demand changes

up or down? Is there a good layout for material flow and delivery? Are the material handling routines haphazard or designed well

for quantity and delivery? How are rejects handled and tracked? How is quality built in at each station?”

A variety of metrics can help when

assessing an assembly operation,

including safety, productivity, quality,

delivery and lead-time.
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Drew Locher, president of Change Management Associates, likes to walk the line with company management, asking questions

along the way.

“What is the demand rate for this line, and what is it producing at? If there’s a gap, that’s something that needs to be addressed,”

he says. “I’m looking for lack of flow; I’m looking for piles of inventory. If the line is supposed to be assembling, say, 100 units per

day, and I count 300 units in various queues, then I know the line is not flowing like it should.

“I also look for quality problems. Sometimes, you see piles of scrap and rework,” he continues. “So I’ll ask, AWhat what’s your defect

rate?’ I’ve had managers tell me they don’t have one because they fix it all. What they really need to do is address first-pass yield.

“And, I’ll ask about lead time and how long it takes to assemble the product, from the time the first operation starts to when the

product is packaged and sent to the customer. There’s usually a big gap between lead time and process time, and the difference

between the two is opportunity for improvement.”

For Sammy Obara, senior partner at Honsha Associates and a former manager at Toyota’s assembly plant in Sao Paolo, Brazil, the

first thing to do when assessing an assembly line is look at safety.

On a well-run assembly line, products flow from

raw materials to finished goods without

interruption and without going backward.
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“If you ask anybody at Toyota, they will say anzendaiichi, which means safety first,” says Obara. “You can’t talk about improving any

aspect of an operation without first making sure that every worker is safe.”

After that, the next thing to look at is how well material is flowing. “Products must always flow from raw materials to finished

goods without interruption and without going backward. It must always be moving forward, always gaining value,” says Obara.

“The rate of production must match the rate of customer demand. People or machines should not be overwhelmed.”

Richard Rahn, principal of Leonardo Group Americas, a consulting firm that specializes in lean material handling, likes to look at

how each worker is performing.

“You can get a good sense of how a line is performing just by looking at the amount of time that each worker spends actually

assembling something as opposed to getting parts, walking around or just waiting for the next unit to arrive at their station,” he

says. “The more time workers spend not adding value, the bigger the opportunity to improve.”

Whenever he’s evaluating a line, Rahn always spend time talking to workers. “I like to talk to the people on the line, because they

sometimes know things that the engineers don’t. They know what’s actually going on. If you have honest conversations with the

people on the line, you might learn some things.”

Key Metrics

When evaluating a line, engineers would

be well-advised to spend time talking

to workers. They often have a good

idea of how well the line is really

running.
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A variety of metrics can help when assessing an assembly operation. Safety is foremost. Productivity, quality ;scrap, rework,

internal defects, external defects<, delivery and lead-time are also important.

“You have to grasp the cost per unit and contributing factors that make up cost, such as materials and labor,” says Smalley. “What

levers do you have to reduce cost per unit that are in your realm of control.”

In more mechanized operations, metrics such as overall equipment effectiveness are also important.

“I visited a plant that installed automated assembly cells, linked them together, reduced inventory and balanced the line pretty

well,” recalls Locher. “However, some cells were not very reliable, so the whole line would shut down. Instead of fixing the reliability

issues, engineers broke apart the line and buffered each cell with piles of inventory.”

Obara says the biggest mistake companies make in terms of metrics is not which ones to look at, but how often. “Scrap rate and

first-pass yield are great metrics, but many manufacturers only look at them at the end of the week, the end of the month or even

the end of a quarter,” he says. “Ideally, you should have andon boards that display these metrics in real time.”

Another mistake companies make with metrics is how they measure them. Obara remembers working with a manufacturer to

improve changeover time. Eventually, he determined that, rather than measure the exact amount of time needed for each

changeover, workers were rounding up or down to the nearest hour.

“The workers didn’t understand why they were measuring changeover time,” Obara recalls. “For them, it was just a matter of

record-keeping, and not data that could be used for continuous improvement.”

Where to Start

Engineers can get a good sense of how a line is performing by

looking at how much time each worker spends actually assembling

something as opposed to getting parts or waiting for the next unit

to arrive at their station.
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Where to start improving depends on the problem to be

solved. Do you want to increase safety, boost

throughput, improve quality, reduce turnaround time, or

all of the above? If capacity is the problem, engineers

might want to find and address the biggest constraint

on the line. If quality is the problem, engineers might

simply need to create an error-proofing jig or fixture.

Depending on the size of the operation, it’s best to take a

holistic approach to the line. “You don’t want to

suboptimize,” warns Locher. “I’ve seen that many times.

People improve efficiency in one area, and it creates a

bottleneck downstream.”

Rahn agrees that a holistic approach is best, but

concedes that it’s not always feasible to halt production

to redesign a line. In the absence of an obvious problem,

he likes to start at the end of the line and work

backwards, since that part of the line is closest to the

customer.

“You don’t want to create a racehorse and place it behind

a donkey,” he warns.

Simulation software can help, particularly with large,

mixed-model operations. “Simulation allows you to

perform experiments,” says Rahn. “It doesn’t necessarily

tell you the right answer, but it lets you experiment with

changes in model mix and production volume so you can

test the robustness of your design.”

How to solve the problems will vary, of course. In some

cases, assessments will identify opportunities for

automation. But, experts advise engineers to use caution

when deploying automation to solve production

problems.

Scrap rate and first-pass yield are great

metrics, but many manufacturers only

look at them at the end of the week or

the end of the month. Ideally, they

should have andon boards that display

these metrics in real time.
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“There are so many ways to automate almost everything today that we sometimes pursue automation before we understand the

need for it,” observes Obara. “In many cases, automation replaces the great value that is the human element. People can think.

People can do kaizen. The other problem with automation is that it can become a monument. It can be difficult to move, and you

lose some flexibility.”

Rahn agrees. “�apanese manufacturers do not go overboard with automation,” he points out. “They would rather train employees

on standard work and get their ideas for continuous improvement.

“American manufacturers tend to look for a technical solution. If there’s a problem with tightening fasteners, they would rather

invest thousands of dollars in computerized torque guns. However, every time you add a layer of technology, your overhead goes

up and your support costs go up.”

“If takt time is .0 seconds or less, then you’re looking at automation,” says Locher. “A person just can’t keep up with that kind of

repetitiveness. However, if takt time is 20 seconds, do you really need automation?”

Of course, there are other reasons to deploy automation than increasing production volume. For example, robots can improve

safety by taking over dirty and dangerous tasks, such as welding, grinding or painting. Similarly, robots can increase quality and

reduce waste by performing some tasks, such as screwdriving or dispensing, more precisely and repeatably.

When automation is necessary, “don’t get the biggest, fastest machine that you can,” warns Locher. “Even if you know that you

might be producing 10,000 units a day at some point, invest in a machine that will make .,100 a day. It will be a fraction of the

cost, and it will be more reliable. If that greater demand does materialize in the future, you can always get a second machine.”
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