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FROM THE EDITOR |  DARRYL SELAND

THERE WHEN WE NEED IT.

Go-To  
Go-to. It’s become a very popular term, one we have all probably heard, particularly if we talk business or watch
sports. Its adoption happened quite rapidly, as many “new” terms do, but its origins reach deep into our past.

As explained in his New York Times Magazine article “Go-To!,” William Safire traces the origin of the expression to
William Shakespeare’s classic, “Macbeth,” writing:

The sleepwalking Lady Macbeth, obsessively trying to wash her hands of imaginary blood, is observed by a Doctor
of Physic and a horrified Waiting-Gentle-Woman. As Shakespeare's most famous villainess cries, "Out, damned
spot!" the doctor whispers a warning to his fellow witness: "Go to, go to; you have known what you should not."

The meaning of the imperative go to, four centuries ago, was "beat it," now "geddoutahere" or, as those who
cherish archaisms still say, "get thee hence." In our time, those two short words have fused into a compound
adjective with a wholly di�erent meaning, and that modifier is sweeping the language.

And in our time, go-to has come to be defined as “a person or
thing that may be relied on or is regularly sought out in a
particular situation.” It’s not di�icult to see how the term came
about—the person or thing you “go to” when you need it.

“Out, damned spot!”

It is quite common to hear a coach or manager talk of a player as who you go to when you need a hit, a goal, or a
touchdown. In fact, Safire traced the earliest use of go-to, in its modern state, to a sports reference:

The earliest use I can find is in the April 5, 1985, Washington Post, when William Gildea, a sta� writer, quoted the
basketball coach John Wood of the Springairn Green Wave about his star, Sherman Douglas: "In a close game, we
knew who to go to. When a game gets tough, you don't have to tell one guy to shoot and another guy not to shoot.
They go to the person who gets the job done, and on our team Sherman was that person . . . the go-to man."

It was even defined as a sports-specific reference by American Heritage around the turn of the millennium and
later updated to the broader definition of "relied on for expert knowledge or skill”' by Merriam-Webster’s in 2004.
Many bosses now have an employee they go to when they need a dynamite presentation or to land the big
account. Even in our daily lives we probably have a go-to plumber when we have a leaky pipe or a go-to lawyer
when we get in a spot.

And the term is not limited to people. We may have a go-to tool to get the job done, or even a go-to food when we
are feeling blue or want to celebrate.

In the quality industry, the coordinate measurement machine could be that go-to tool. Decide for yourself a�er
you read “The Future of CMMs” and everything else we have to o�er in this month’s Quality.

Enjoy and thanks for reading!

Opening Background Image Source: James P. Hohner Jr.

Darryl Seland is the editorial director of Quality magazine. CONTACT
DARRYL
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For all of the latest breaking news,
visit www.qualitymag.com

Robot orders in the second quarter of 2021 were up
67% over the same period in 2020, showing a return
to pre-COVID 19 pandemic demand for automation
as manufacturers and other North American
companies return to business. According to the
Association for Advancing Automation (A3), North
American companies ordered 9,853 robots valued
at $501 million in Q2 2021, up from 5,196 sold in Q2
2020, the peak of the pandemic. 

Robot Orders Increase 67%
in Q2 2021

The Q2 2021 increase, which marks the third-highest quarter on record for robot units sold overall, also showed
more than half (5,530) came from non-automotive customers as industries such as metals, semiconductor &
electronics, plastics and rubber, food and consumer goods, and life sciences recognize the benefits of
automation.  

“With the big increases in automation sales, and favorable economic conditions in U.S. manufacturing sector
throughout much of 2021, it’s clear users have accelerated their orders for robotics and other forms of advanced
technologies,” said Je� Burnstein, president of A3. “While companies have long realized that automation
increases e�iciencies, expands production and empowers human employees to do more valuable tasks, the
pandemic helped even more industries realize those benefits. By automating—either for the first time or
expanding on how they use automation—companies will be better prepared to handle any upcoming issues that
impact their business.”

According to A3, the substantial increases in robot orders in Q2 came from companies in:

metals (up 99% over Q2 2020)

automotive components (up 85%)

semiconductor & electronics/photonics (up 62%)

plastics & rubber (up 51%)

food & consumer goods (up 51%)

automotive OEM (up 49%)

life sciences/pharmaceutical/biomed (up 21%)

In addition to the large increase in robotic orders, machine vision, motion control and motor markets saw record
increases over Q2 2020, A3’s report shows. North American machine vision statistics reveal that the market
expanded 26% to $764 million, a new record. For January through June of 2021, the North American machine
vision market grew 18% to $1.5 billion, which is the best start to a year on record.  

The motion control and motors sector recorded $1.065 billion in shipments, 13% greater than Q2 2020 sales and
setting a new record. Motors, actuators and mechanical systems and electronic drives saw the largest increases.

“The revitalization of automation we’re seeing across myriad industries is extremely encouraging,” Burnstein
added. “Not only will the increase in automation use be a win for our member companies, but it will also help the
U.S. economy grow even more as customers increase productivity and fill the millions of manufacturing jobs that
remain unfulfilled.”

For more information, visit https://www.automate.org/.

Hexagon's Nomination Committee Proposes Two New Directors
to Board
Hexagon AB's Nomination Committee proposes the election of Erik Huggers and Brett Watson as new members
of Hexagon's Board of Directors at the upcoming Extraordinary General Meeting (EGM) on November 17, 2021.

Erik Huggers brings extensive experience from the digital media and tech industry. Erik is a Supervisory Board
Member at WeTransfer and ProsiebenSat.1 Media. Huggers previously served as CEO of Vevo and held key
executive positions at Verizon Communications, Intel Corporation, BBC and Microso� Corporation.

Brett Watson is the President of Koch Equity Development, the investment subsidiary of Koch Industries, where
he is responsible for managing investments and corporate development activity across Koch’s diverse portfolio.
Watson serves on several boards including Infor, Getty Images, Transaction Network Services, MI Windows and
Doors, and the Flint Group. Prior to joining Koch in 2010, he spent nearly a decade in investment banking and
private equity.  

For more information, visit www.hexagon.com.  

Small Manufacturers Detail Workforce Impacts of Pandemic
The Manufacturing Institute’s Center for Manufacturing Research and national CPA and advisory firm BKD
released results from their fall survey of small and medium-sized manufacturers. This semiannual survey looks
at workforce impacts and the “new normal” for manufacturers with 500 or fewer employees. The inaugural
survey was released in February.

Key survey findings include the following:

Nearly 79% of SMMs have enhanced workplace safety measures and requirements since the COVID-19
pandemic began.

More than 71% of respondents said their firms had not received any resistance or hesitance to returning
to work.

Fi�y-six percent noted a need for increased worker flexibility, and roughly half had reevaluated what
work could be done remotely where possible. With that, 41% said that their business was working to
reengineer the production process with social distancing in mind.

“Small and medium-sized manufacturers have needed to be pragmatic and flexible in the face of extraordinary
challenges from the COVID-19 pandemic,” said Center for Manufacturing Research Director and National
Association of Manufacturers Chief Economist Chad Moutray. “The battle for employees is intense right now, and
small business leaders have stressed the importance of being flexible in a safe and healthy workplace
environment. Adding to the worker challenge, the adoption of new technologies has continued to alter the
worker profile and the types of training and upskilling that are required in a modern shop floor environment.
This survey underscores the mission of Creators Wanted, the joint campaign of the MI and NAM to build the
workforce of tomorrow—and excite, educate and empower a new generation of creators in the United States
today.”

“It has been said by many that the pace of change will never be as slow as it is now, meaning future changes will
continue at a more rapid rate and on a continuous basis,” said BKD, LLP Partner John Mather. “As seen in the key
findings noted below and in the details of the fall survey, many companies do not have a solid handle on what is
the “new normal” as it varies by company and seemingly changes every day. What is prevalent is that supply
chain concerns and the ability to attract, train and retain employees continue to be the two top challenges facing
manufacturers today. As already noted by Chad Moutray, the Creators Wanted campaign exemplifies and
supports the need to build the next generation of manufacturing leaders.”

To view the full survey, visit https://www.themanufacturinginstitute.org/research/the-manufacturing-institute-
bkd-small-and-medium-sized-manufacturers-survey-2/. For more information, visit
www.themanufacturinginstitute.org.

FABTECH 2021 Makes In-Person Return to Chicago
As the first large-scale B2B and manufacturing trade show to be held at Chicago’s McCormick Place since the
onset of the COVID-19 pandemic, FABTECH 2021 brought two years’ worth of groundbreaking innovations,
inspiring keynote presentations, and solution-based education sessions to the global metal fabrication
community. From September 13-16, North America’s largest metal forming, fabricating, welding and finishing
event welcomed over 24,000 attendees from across the United States with long-awaited opportunities to
experience product evaluation, in-person networking, education, and collaborative discussions on key topics
impacting the industry today.

“FABTECH 2021 was a great show,” said Michael Bell, director of sales, Pemamek LLC. “The show exceeded our
expectations by far and our company closed several large deals during the week. We met with the right buyers.
The people who came to FABTECH were here to learn and to buy. We already have our booth for next year!”

“We have been exhibiting in FABTECH for years,” said Adam Bowden, president, Jet-Set Hydraulic Spray Systems.
“Year a�er year, they have all been good, but this year the show has changed the trajectory of my business. We
had an amazing experience at FABTECH 2021.”

Three exhibit halls hosted close to 1,000 exhibitors (including 93 new exhibitors) demonstrating over 400 new
products and highlighting emerging trends and technologies. As the first event in two years for many industry
professionals, energy was high, and sales activity was robust on the busy exhibit floor throughout each day.
Featured technology-focused pavilions at FABTECH included the 3D/Additive Manufacturing Pavilion, one of the
fastest-growing technologies of the 21st century, and the Robotics & Industrial Automation Pavilion that
introduced new technologies to fill workforce gaps and increase productivity and profitability.

“FABTECH is grateful for the support of all the participating exhibitors, speakers and attendees who joined us in
Chicago,” said Mark Hoper, FMA senior vice president media & expositions, FABTECH. “We would like to thank
them along with all our partners, vendors and the City of Chicago who supported this endeavor throughout a
challenging 18 months leading up to this important industry event.”

FABTECH featured a motivating lineup of special events, including keynote presentations, FABx Tech Talks and
Leadership Exchange discussions. During the packed keynote presentations, industry luminaries discussed key
learning moments and philosophies that led them to notable successes like landing a rover on Mars, creating
boundary-pushing motorized builds and establishing a successful workforce development formula. Speakers
included Adam Steltzner, leader and chief engineer of the NASA Mars 2020 Perseverance Rover Mission, David
Ankin, CEO of ToyMakerz, Inc., and Adam Genei, owner of Mobsteel and Detroit Steel Wheel Co.

The Leadership Exchange and State of the Industry panels featured groups of subject matter experts who
discussed the next phase of advanced manufacturing, the importance of mobile robot and standard robot
interoperability, tactics for cultivating the next generation of manufacturing talent and how to navigate 2022 with
the industry’s constant state of transformation. During the FABx Tech Talks, visionary manufacturers shared
details about how they are integrating technologies like automation, AI and data analytics into all aspects of their
operations—from the production floor to the supply chain.

FABTECH’s education o�erings for attendees included more than 150 conference sessions and workshops led by
industry thought leaders and subject matter experts. The sessions spanned 14 technology tracks with sessions
focused on automation, smart manufacturing, welding, cutting, lasers, workforce development, business
management strategies and more. On-demand content from the conference is now available to purchase for
those who were unable to attend.

“FABTECH is family. It’s about connection and community just as much as it’s about education and technology!
The welding and fabrication industry is like no other–we are a very close family,” commented Barbie Parsons,
welding influencer also known as Barbie the Welder.

During FABTECH, the American Welding Society hosted judges from Netflix’s new series, Metal Shop Masters.
Making its Netflix series premiere on September 10, 2021, just days before FABTECH 2021, Metal Shop Masters
features a group of metal artists who will torch, cut and weld epic creations from hardened steel in a competition
to win a $50,000 prize and the Metal Shop Master title. Attendees enjoyed hearing from judges Stephanie
Ho�man and David Madero at FABTECH’s Careers in Welding Trailer as they discussed what it was like to be on
the show and meet talented competitors.

“With everything that the industry has been through over the last year and a half, it was great to bring everyone
together to do business, learn, and connect in person,” said John Catalano, SME senior director US events and
strategic partnerships, FABTECH. “Nothing compares to being able to make those face-to-face connections and
see the newest advancements and products in action. FABTECH 2021 was a success, and we hope everyone who
joined us gained new business and insights into current and future manufacturing trends.”

For more information, visit www.fabtechexpo.com.
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FACE OF QUALITY |  JIM L. SMITH

BEWARE OF THE INNER CRITIC, WHICH CAN BE A SUPER VILLAIN
PREVENTING CREATIVITY.

Overcome Your Inner Critic

Fear is built into the human mind and body for good reason. The presence of fear keeps us from doing things that
may cause us harm. For the most part, however, fear is overrated. If we do not step in front of a bus or shout
profanities at our manager, we are likely going to live to see another day and still have a job.

In the modern world, fear has become insidious; it is quiet but pervasively accepted as existing. One of the most
common forms is what might be referred to as the inner critic. It’s that tiny voice in the back of our mind that
plays o� our greatest anxieties, giving its dialogue an addictive quality. It is o�en a super villain in the war to
encourage creativity.   

Like all faces of fear, the inner critic is a part of each of us that is designed to keep us safe. When its dark side
ramps up, however, fear keeps us from speaking up in meetings even when we know we have a good idea. It
stops us from believing in ourselves and o�en even prevents us from trying.

When we realize that our inner critic is just attempting to keep us safe from embarrassment or rejection, we
become conscious of our inner states. This is good because when we are conscious, we do not have to react to
that form of fear.

Instead, we can choose to be courageous and step forward
with our ideas. If our ideas are not accepted, we can live with it.
We are building a resilience that limits our fear and brings out
our creativity.

Successful people
discover what matters

most to them.

It has always been to a certain degree, but the modern world has become a very serious place. We are challenged
with so many injustices, systemic corruption, and a million other things about which to worry. In the performance
of our jobs, we may or may not directly face the big challenges of the world, but chances are there is money at
stake as well as pride.

When we hold on too tightly to an outcome or idea, however, we limit its motion and flexibility. We tend to get so
serious about the things we are working on that the fear behind them limits our creativity. If we can overcome our
inner critic, we can let go of our fear, new ideas begin to flow freely, and new possibilities emerge.

Certainly, not all new ideas come to fruition, but we can accept that possibility. As Thomas A. Edison discovered, it
takes many ideas to get to the gold, but we need to get started to achieve that level of success.

It is a good exercise to sit down and spew out dozens of ideas until a few nuggets materialize. Then…surprise
your coworkers, and maybe your manager, by mentioning a few of your newest ideas. There generally are
opportunities in meetings or other gatherings to discuss ideas. This makes meetings a fun event as it invariably
encourages others to come up with some ‘out of box’ ideas. It o�en becomes contagious.

The magical side e�ect of this approach is that some amazing ideas emerge. Some of them can be developed,
and in some cases, they may bring real goodness to you personally, your team, or your organization. But...to be
able to do this, you must overcome your inner critic.

Our inner critic usually manifests itself as an inner voice attacking a person or idea saying that he/she/it is bad,
wrong, inadequate, worthless, and so on.  If people befriend us or come to our defense, our inner critic may
whisper that if they only knew how uncreative we are, they would not be so supportive. This is mostly unfounded.

I am reminded of a story of a distance runner who regularly finished well behind the leaders. This bothered the
person for some time, but he kept entering races. When asked why he kept running, he said he finally overcame
that little voice that reminded him that he could not finish the race with the leaders. He was able to realize that
winning was more than finishing first. He discovered the real value was that he stuck with a training plan, ran, and
finished the race! He was able to come to the conclusion that that was what mattered most.

Successful people discover what matters most to them. Once that becomes clear, they work to replace their
inner critic with an inner support mechanism to nurture their e�orts. Which inner voice would you prefer? A critic
or a nurturer?

Opening Background Image Source: mypokcik / iStock / Getty Images Plus via Getty Images.

Jim L. Smith has more than 45 years of industry experience in operations,
engineering, research & development and quality management.
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OTHER DIMENSIONS |  HILL COX

ONE OF THE HARDEST PARTS OF DOING YOUR OWN GAGE CALIBRATION
IS HAVING THE RIGHT PERSONNEL TO DO THE WORK.

DIY Gage Calibration: 
A Primer for Management

Many company owners or managers are frequently asked by sta� to consider bringing gage and instrument
calibration in-house. It can be di�icult for managers to evaluate such requests beyond the usual cost/benefit
considerations as the technical elements to it all can create a functional nightmare.

One reason o�en used in such requests is delivery times using outside sources, something that could be fixed by
trying a di�erent source. Technical competence is another reason a�er endless arguments over measurements
from alternate sources. In this case it could be that your company has requirements unlike anyone else or your
sta� has unrealistic expectations of what is ‘standard’ with respect to what is o�ered by one or more labs. An
example of this could be that your sta� can’t find a lab whose uncertainty is what they believe is needed for your
work. It could be that what they want is beyond today’s technical reality and should be reviewed.

When costs are cited as grounds for an in-house capability, proponents o�en forget to include overhead costs
when making comparisons, or the costs of maintaining recognition of such an operation which can be
substantial. Unfortunately, your ISO 9000 recognition is not suitable. Most quality standards expect gage
calibration to be done via an accredited facility but you may think that since you are doing it for your own use,
you don’t need to bother with this.

You could be wrong as agencies that accredit laboratories to ISO 17025 – the standard that covers it all - usually
have a category for such situations. This type of accreditation may have some of the general requirements
watered down but not the technical competence ones. This means you will be paying a few thousand dollars a
year for the accreditation depending on the extent of your scope. To this must be added the costs of an agency
approved assessment every other year plus an annual internal audit of a similar nature.

You’ll still be getting into arguments over measurements
but now they’ll be over smaller numbers.   

One item frequently overlooked when setting up a calibration facility is some sort of technical file(s) containing
the standards you will be working to. I’m referring to standards published by ASME that directly relate to the
items you will be calibrating. Lab assessors expect to see original documents—not photocopies of certain pages
—and a system for controlling them.

My recent columns have given an outline of the equipment required for calibrating gages, most of which is the
sort of hardware you’re unlikely to have on hand so some up-to-date quotations are needed. To the purchase
cost you must add the cost of having each device calibrated by a lab that is accredited to ISO 17025 to do these
specific devices if you intend on complying with this standard. Your ongoing cost of operation will be saddled with
this cost every year.

Thread wires, setting masters, gage blocks and other accessory items used with your equipment will require
similar calibration initially and on an annual basis therea�er. This can add up to a rather chunky bit of change so
make sure the person putting the budget together for you includes these costs.

The workspace for all these items will have to meet a number of requirements to pass a technical assessment of
your capability beyond enough space to work with it all. They include temperature control as close to 20⁰C as
you can maintain it with relative humidity of about 40% when people are actually working in the room/area.
Temperature stability is a key element to this which means a continuous recording of temperature is required so
you can prove you’ve got the environment under control.

Personnel to do the work is one of the hardest parts of doing your own gage calibration as it requires people with
skills beyond the norm. Yes, there are some training programs that cover metrology and while they cover all the
basic rules of the game that pertain to many types of measurement, you need people who are more than just
instrument readers. They must have experience working to a high level of precision with the type of equipment
you will be acquiring.

I hope this will ensure you come up with a realistic cost of what you’re getting into. Yes, you’ll still be getting into
arguments over measurements, but now they’ll be over smaller numbers.   

Opening Background Image Source: Zheka-Boss / iStock / Getty Images Plus via Getty Images.

Hill Cox is president of Frank Cox Metrology Ltd. (Brampton, Ontario, Canada). CONT ACT  HILL
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SPEAKING OF QUALITY  |   KATHY LYALL
 

FAR TOO OFTEN, COMPANIES UNDERESTIMATE THE IMPORTANCE OF
CHANGE MANAGEMENT.

Future Proof Your Career
with Change Management

We are living in a world of constant, accelerating change. Organizations must continually adapt or risk becoming
obsolete. Companies that were once leaders fell by the wayside because they failed to innovate at a pace
necessary to keep up with customers’ needs. Despite this, “more than 70% of needed change either fails to be
launched, fails to be completed, or finishes over budget, late and with initial aspirations unmet” (Harvard
Business Review). Hence why the ability to incorporate big changes, while driving results, is a much-sought-a�er
competency. Proficiency in change management is a skill set quality professionals must possess to stay relevant.

As quality professionals, we always need to be prepared for change. Whether we are dealing with a planned
initiative, a volatile industry, or an unexpected situation such as a pandemic, change is inevitable. Leaders,
middle managers, and individual contributors can all future proof their careers by learning these skills. Following
are key concepts to successfully manage change, and proactively support change initiatives led by others.  

1. Build a Culture That Embraces Change. Culture is key to unlocking your organization’s greatest potential.
Foster a culture that is open to change.

2. Recognize That Change Management has to do With People, Not the Change Itself. Project management
focuses on defining and implementing projects that will change an organization’s structure, jobs, roles, processes
and systems. Change management, on the other hand, focuses on helping individuals impacted by these changes
adapt and be successful. Far too o�en, companies underestimate the importance of change management. The
people need to be prepared for the change, and adequately supported throughout it.

Culture is key to unlocking your organization’s greatest potential.
Foster a culture that is open to change.

3. Communicate, Communicate, Communicate! Create a compelling case for the change. The real power of
vision is unleashed only when most employees have a common understanding of its goals and direction. The
shared sense of a desirable future can help motivate action. Vision is usually communicated most e�ectively
when di�erent vehicles are used: large group meetings, emails, posters, and one-on-one sessions. When the
same message comes at people from six di�erent directions, it stands a better chance of being heard and
remembered, on both an intellectual and emotional level.

4. Understand the “How Will it A�ect Me” Principle. Whether the change is positive (the company is growing
so fast you need to move to a larger building) or negative (a reduction in force), every employee will go straight to
“How will this a�ect me?” Does this mean I have to move my desk? Will I get a new boss? Will I have the same
responsibilities? Understand that any time there is a major development at work, positive or negative, there will
be a natural dip in productivity as individuals and teams react and adapt to the new paradigm, environment,
organizational structure, or leadership team. Be empathetic and try to look at the change through the eyes of
each department or person.  

5. Embrace the Change Cycle. Humans naturally resist change. When it comes to change management, there is
no predictable timeline for when everyone will be enthusiastically “on board.” Each person will process the
change at their own pace, and work though the change cycle, which starts with feelings of loss, then doubt, then
discomfort, followed by discovery, understanding, then finally integration. “Slowness to change usually means
fear of the new” (Philip Crosby). Work to understand the fears and address the causes.

6. Watch Out for the Underminers. Once you have made the announcement, give people ample time to work
through their reactions, and o�er personal assistance to stragglers. If you are still noticing hotbeds of resistance,
then it is time for a di�erent conversation. Be direct: “It’s been three months now, and you’re not getting there.
Are you going to get there? Or do we need to talk about other options for you?” At a certain point, a�er a
reasonable amount of time has passed, each employee has two options: get on board, or get o� at the next exit.

Change is constant, and the rate of change is not likely to slow down anytime soon. We are constantly challenged
to adapt to the rapidly changing conditions we face in industry. Quality professionals who learn to manage
change, and accelerate the acceptance of change within their sphere of influence, will thrive in their careers.  

Opening Background Image Source: mypokcik / iStock / Getty Images Plus via Getty Images.

Kathy Lyall is a director of supplier quality engineering at Philips. She is an ASQ Fellow who currently serves the
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QUALITY 101

IT’S AN IMPORTANT BUT OFTEN OVERLOOKED ASPECT OF QUALITY.
By Michelle Bangert

Calibration 101

Whether you’re doing internal calibrations or outsourcing it,
it’s important to understand calibration basics. This can mean
the di�erence between a company that runs smoothly—or
scrambles to get by.

In many cases, having a better calibration process can make
your work easier.

“Customers that really understand calibration, and coordinate
e�orts will enjoy success,” says Mark J. Hirsch, vice president
sales and marketing at Martin Calibration Inc. Those that don’t
may find themselves unnecessarily confused during the
calibration process.

How To Think About Calibration
Consider the full impact of calibration on your product.
James Guede, calibration and quality services manager
at Advanced Technology Services, offers his advice on
the calibration process and how companies can
maximize the value of it.

0:000:00 / 0:00/ 0:00

Calibration Issues
For many manufacturers, finding equipment is a huge problem. If you’re like the customers for Fox Valley
Metrology, this is your number-one hassle, according to a company survey, says Steve Toll, vice president – sales
at Fox Valley Metrology.

The lowly pin gage, at under an inch wide and two inches tall, is one such item that can be di�icult to track. “It’s
pretty easy for it to get lost,” Toll says. “Keeping a well maintained database allows them to stay on top of
calibrations, due dates, audit times, and quality issues.”

The Fox Valley Metrology survey found that other hassles involved tracking due dates, data entry, and staying on
top of calibrations.

“It really just boils down to staying on top of the database,” Toll says. “It’s hard to stay on top of your equipment if
you don’t even know what equipment you have.”

Though it can be a cumbersome process, it’s important to keep track of equipment and make sure things don’t
get lost along the way.

Calibration Process
And if you’d rather not deal with calibrations in-house, you’re not alone there either. Calibration companies
report an uptick in activities from companies that may have previously handled calibration on their own.

“I am seeing companies that have been doing a lot of internal calibrations themselves coming our way more,”
says Toll. They’re “realizing their forte is manufacturing XYZ product, not calibration.”

For those new to the outsourced calibration process, there are a few tips to get the most out of the process. First,
Toll suggests having a relatively clean list of what needs to be calibrated and having it at the ready, which will
help calibration labs in determining a line item based quote.

Of course, choosing an outside partner is the biggest step in this process. Toll says it is important to consider what
is involved in the service, all the factors beyond the calibration itself.

“Calibration is calibration,” Toll says. It’s important to also consider “everything that goes along with it, from the
onboarding process with a new account, customer portal setup, logistics of scheduling,” he says.

Customers should walk through options and consider di�erent variables involved with any company they are
planning on working with.

For example, Toll notes that failing to do this can mean some billing surprises later on.

Rather than discovering hidden costs later, it’s important to be clear at the beginning. For example, he says
customers should ask if there is an upcharge for certificates or repair evaluation fees. If not, they might find
themselves surprised with thousands of dollars in additional fees that seemingly appear out of nowhere.

When working with a third party calibration lab—as with many things in life—communication is key. “If they are
having issues or something doesn’t make sense, communicate with the lab,” Toll says. He strongly encourages
this for best results with the calibration process as a whole. For example, if you look into an account and notice
that a piece of equipment hasn’t been calibrated in 19 years, it seems likely that it hasn’t been used or perhaps
has even been discarded.

Source: Martin Calibration

Technical Impact
The best advice is to consider the big picture of calibration, not simply audit standards, says James Guede,
calibration and quality services manager at Advanced Technology Services.  

“How aware are you of the impact of your calibration process on your operations?” Guede says. It’s important to
understand “the actual technical impact of your calibration process on your product itself.”

If this is done through visual management, executives can make informed decisions, Guede says, “up to the
minute, up the week, or up to the month.”

More and more, customers looking for a fully integrated partner who can help manage the entire process—not
simply perform a calibration. This leads to cost and production e�iciencies, Guede says.

“The biggest thing in calibration is making sure that if you have a calibration program, really looking at it
holistically, and really coming up with a plan that addresses not only the asset management piece for ISO 9001,
but really understand how to manage the metrological piece, the actual measurement science, what happens
within that lab,” Guede says. “I think folks out there, that’s the biggest thing they can learn. That way they’re more
aware of what they can expect about that calibration process.”

Opening Image Source: Sakarin14 / iStock / Getty Images Plus via Getty Images.

Michelle Bangert is the managing editor of Quality.
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MEASUREMENT

ALTHOUGH THE CMM HAS BEEN AROUND FOR MORE THAN HALF A
CENTURY, ADVANCEMENTS HAVE ALLOWED IT TO MAINTAIN ITS POSITION

AS THE GO-TO TECHNOLOGY FOR QUALITY INSPECTION.
By Genevieve Diesing

The Future of CMMs

Unlike manually operated gages or portable measurement devices, coordinate measuring machines (CMMs) can
automate the measurement process and therefore remove quality inspection bottlenecks. The highly versatile
tools can measure a wide range of parts and materials. They can use a variety of methods and quickly adapt to
production changes.

For example, CMMs can perform dimensional analysis, reverse engineering, tooling certifications, and CAD
comparison; handle multiple sensors including contact or noncontact, tactile, scanning, or optical; and handle
complex parts more e�iciently than comparable tools, experts say.

“CMMs are incredibly accurate and repeatable measurement tools,” says Ryan Toole, product manager,
automated measurement systems North America, Hexagon Manufacturing Intelligence. “They quickly identify
errors in the manufacturing process and can feed this information back into the manufacturing loop for
continuous improvement.”

The first CMM was developed almost 60 years ago, says Brandon Stephenson, marketing and communications
manager, LK Metrology.

“Because of this long history, there is a strong understanding and trust in CMM technology, so the manufacturing
industry can confidently depend on this technology for quality verification,” he says. Today, the CMM is still the
foundation for quality and process verification across all major manufacturing sectors.

“The flexibility of the CMM allows manufacturers to inspect a wide range of components by utilizing the various
sensor technologies to include touch trigger and scanning contact probes, noncontact laser/vision sensors, and
roughness sensors,” Stephenson says. “In addition, there are a multitude of CMM so�ware options available to
support manual or automated measurements and the simple feature to complex surface scanning, and 3D
modeling. The CMM is the universal dimensional inspection tool that provides a high level of flexibility to the
owner.”

Gene Hancz, CMM product specialist at Mitutoyo America, says CMMs are less prone to operator error than hand
gages, which improves quality. They o�er single source inspection instead of multiple inspection devices,
maintain a constant workflow and repeat measurement routines with precision.

Although the CMM has been around for more than half of a century, technological advancements have allowed
the product to maintain its prime position as the go-to technology for manufacturing quality inspection,
Stephenson says.

“Over the last 10-15 years, the introduction of new probing technology, such as infinite positioning, laser
scanning, vision, surface roughness, etc., has really changed the capabilities of what can be inspected on a CMM,”
he says.

While inspection so�ware packages provide users with more functionality and support for newer industry
standards, such as ASME and ISO, CMMs can have the most impact when paired with model based definition
(MBD) so�ware.

“With advances in MBD, the CAD model contains the inspection information, such as dimensions, tolerances, and
the datum features necessary to create an inspection program on a CMM,” Stephenson says. “Blueprints are no
longer needed.”

CMMs can also e�ectively utilize the tracking of metrics associated with Industry 4.0.

“This information allows the programmer to e�ortlessly create a program in the CMM so�ware adhering to the
design intent,” Stephenson says. “CMM metrics, such as utilization, performance, environment, etc., are captured
and reported in web-based applications that when combined with the inspection results, provide customers the
ability to understand every aspect of their inspection processes and provide immediate feedback to
manufacturing.”

As the skills gap continues to a�ect manufacturing, the field has seen a drastic drop-o� in skilled CMM users and
programmers, Toole says. For that reason, CMMs are getting easier to operate and program.

“This is leading CMM suppliers to focus on not just building a high quality, highly accurate measurement system
but one that anybody in a production setting can walk up to and be comfortable with in minutes,” Toole says.

This is a new noncontact laser sensor for coordinate measuring machines (CMMs). The scanner can measure 600,000 individual
points per second with a probing form error of just 8μm, rapidly capturing a complete high-resolution digital representation
of a part that is valid for both surface and detailed feature inspection. Source: Hexagon

Today’s CMM has higher accuracy performance specifications than machines produced 20-30 years ago,
Stephenson says. Material and design changes have produced lighter and sti�er frames, smaller air bearing gaps,
higher temperature stability and improved error mapping technology.

“Although the technology is driving improved accuracies, the CMM is still a measurement tool and overall results
are dependent on the entire measurement process to include the operator, the programs, holding fixtures, and
the environment (temperature and vibration),” Stephenson says. “The challenge to thoroughly understand these
elements that a�ect end results still persists today as it had 30 years ago. The CMM programmer/operator must
understand and take into consideration these areas to ensure the integrity of the measurement results.”

Coordinate measurement machines are being increasingly moved to the point of part production versus sitting in
a lab across the factory floor, Toole says.

“This is being driven by a push towards autonomous production workflows to drive down cost and ine�iciencies,”
he says. “As this trend continues, traditional CMMs need to become more robust to be able to handle the
environment on the shop floor as well as flexible enough to be quickly re-deployed as production and
measurement requirements change over time.”

Noncontact measurement is also becoming more popular. As accuracy and speed increase for technology like
laser line scanners, manufacturers want to take advantage of the exponentially higher data quantity they can
obtain from this type of sensor vs. a traditional single point sensor, Toole says.

Three-dimensional scanners bring better insight, higher productivity and reduced costs to fixed bridge CMMs,
and have become key in industries such as automotive and machine shops, Stephenson says.

“Since the introduction of scanners, customers have been eager to have these fast and accurate noncontact
measuring devices attached to the traditional bridge CMMs,” he explains. “The standalone tactile probing
solutions will be driven by strong price point competition.”

He also pinpoints 5-axis measurement technology as a trend to watch, as it a�ords extraordinary measuring
throughput and versatility.

“Five-axis scanning of complex forms provides the invaluable ability to gather very large quantities of accurate
inspection data at ultra-high scanning speeds,” he says. “Additionally, through a rapid inferred calibration from a
single probe head position and accurate at all angles of rotation, manufacturers are typically saving several hours
in the set-up routine alone. This multi-sensor 5-axis measurement system helps minimizes lead times and gives
manufacturers a more comprehensive understanding about the quality of their products.”

Automation in industries such as machine shops, automotive, and heavy industry has continued to evolve and
incorporate new metrology solutions to meet the increasing pace of production, experts say. As result,
manufacturers enjoy 24/7 operations, real-time corrective action and the elimination of operator error. A focus
on o�ering in-line automated metrology solutions will also boost profit margins.

Opening Video Source: Thossaphol/Creatas Video via Getty Images.
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TEST & INSPECTION

Getting The Most Out Of

Torque Testing
FIRST AND FOREMOST, IT’S IMPORTANT TO UNDERSTAND WHAT

A TORQUE TRANSDUCER IS BEFORE IMPLEMENTING A TEST.
By Keith Skidmore

Torque is defined as the rotational equivalent of linear force. It’s a measure of how much a force acting on an
object causes that object to rotate. This is one of the key measurements for engineers doing design, test, and
manufacturing across a wide variety of industries where machines, vehicles, components and parts include a
spinning or rotating motion. It’s critical to understand how to measure torque if you’re doing product
development with these types of systems such as engines, cranksha�s, gearboxes, transmissions, and rotors.

The incredibly wide variety of torque transducers, di�erent types of devices and tests and the accompanying
accessories necessary for di�erent projects can make it di�icult to determine what is needed for each individual
application. For instance, torque tests are o�en used in the automotive industry to assess engine torque and
speed, but the products used can di�er between a typical gas vehicle and newly introduced electric vehicles.
Torque is also frequently used to test the tightness of a variety of lug nuts and screws, which is an entirely
di�erent measurement solution.

This article provides a brief overview of the key considerations when planning for a torque test. It includes the
di�erent types of torque testing, the di�erent torque sensor styles, accessories, mounts, and other tips and tricks.
It also provides a brief overview of the potential applications of torque tests with pictures.

The Basics Of Torque Testing
First and foremost, it’s important to understand what a torque transducer is before implementing a test. A torque
transducer is a piece of equipment that converts a torsional mechanical input into an electrical output signal.
There are two common types of transducers used in torque testing – reaction and rotary. The biggest di�erence
between the two is that one measures static torque - reaction, while the other measures a rotating element -
rotary. Reaction torque is used in process control and testing, such as the force produced by electrically powered
tightening tools when measuring lug nut tightening. Rotary torque is a dynamic force used in applications where
the torque transducer must rotate when attached to a spinning sha�. This type of torque test is used when
measuring products like car engines.

Another key consideration is the style of torque transducer used. Once again, there are two common types of
torque transducers – sha� and flange. These are the components used to take the force measurement and are
selected based on the nature of the application. Sha� style transducers o�er convenient mounting and have a
longer installed length than flange style. Sha� style transducers come in two di�erent versions, smooth and
keyed. A smooth sha� provides ease of assembly and disassembly, with zero backlash. Keyed versions are simple
and less expensive; however, they can su�er from wear due to backlash. A flange style transducer is typically
shorter and has pilots on its flange face as a centering feature. This style has better resistance to overhung
moments and can be more convenient to mount.

Accessories that gather data and allow for proper mounting are also critical to an accurate torque test. There are
a variety of digital instruments that take force input and provide data output in the preferred protocols and bus
formats, such as signal conditioners, data indicators, data acquisition devices and more. In torque measurement,
couplings are the key hardware accessory tasked with ensuring proper isolation for torque loads to prevent error
or damage from an extraneous load. Couplings are required in every application and the selection of coupling is
based on the speed of the application. For lower speed tests, standard couplings can be used, but for higher
speed applications a high-quality coupling is needed.

The last basic understanding that is required for a torque test is mounting. There are two common types of
mounts used for torque transducers – floating and fixed mounts. The type of mount used once again comes down
to the speed of the application. Fixed mounts apply only to sensors with bearings, and it involves attaching the
sensor housing to fixed support for added stability. Fixed mounting is recommended for high-speed applications.
For stability reasons, floating mounts should only be used for lower-speed applications. In floating mounts, the
sensor is supported only by the drive and load side connections, and a flexible strap keeps the sensor housing
from rotating.

Real-World Torque Applications
As discussed, the use and configuration of torque sensing systems vary greatly from application to application.
And, while they’re used most commonly in the automotive industry, there are applications that require torque
tests across a variety of industries including aerospace and defense, energy, oil and gas, and more. Included
below are a few application examples that will help provide a clearer picture of the wide variety of torque testing
uses.

Engine Dynamometer Testing
In this application example, a rotary torque transducer is used to measure the speed and torque of an engine.
This rotary transducer can sense the torque of the engine with high precision and provide an electrical output
that is converted from an analog to a digital signal. A rotary transducer is necessary due to the spinning element
involved in the engine. It’s paired with a very high-quality coupling and is mounted in a fixed position. Both are
necessary to account for the high speeds used in the test. This application would allow the user to measure both
torque and speed of the engine simultaneously, which will provide valuable data in confirming the design of the
engine or determining if it needs to be adjusted for the vehicle it will drive.

Fuel Pump Optimization Testing
In the racing world, the fuel pump is responsible for delivering gas to the engine during operation, and is critical
to peak performance. In this application example, a rotary torque transducer is used to measure pump drive
power vs. fuel pressure and flow. Due to the length between the pump and motor, a sha� style transducer and
couplings were used to connect the units. The transducer was used to directly measure the power required to
spin the pump. Using this data collected from the transducer in conjunction with the pressure and volume
measurements of the fuel flow, the race team was able to characterize fuel pump performance vs. driveline
power, and then minimize the required drive power while maintaining the needed pressure and flow for e�icient
fuel delivery.

Torque Veri�cation
Even human-generated torque can be measured. If an engineer needs to ensure they are tightening a bolt or
screw with a wrench or screwdriver using the correct torque so they’re not damaging the parts or stripping the
threads, a simple reaction torque test can be used. Using the solution pictured above, the user can use the
wrench to torque a bolt connected to a flange-style reaction torque transducer. Due to the static nature of the
test, a reaction transducer is the best option. The torque created by the wrench will be sent to the PC and display
results for the user. Ultimately, this solution allows for calibration checks of the wrench.

Torque testing is an important process used across industries to measure and record data on rotating
components, allowing the user to verify the performance of a wide variety of products. Understanding the basics
of torque will help the user determine the right type of torque solution for any test.

Opening Video Source: Quardia / Creatas Video+ / Getty Images Plus via Getty Images.
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SOFTWARE & ANALYSIS

A COMBINATION OF HARDWARE AND SOFTWARE MAKE UP ANY VISION SYSTEM.
By Filip Szymanski

Quality Inspection Software:
Choosing The Right Option For Your Application

A significant challenge with machine vision is successfully using a captured image in an application by using
so�ware to inspect the image. Typical vision systems may require many so�ware components to have a fully
functioning solution. Initially, the imaging device and the computing hardware need to have a way to
communicate. Once that is established, the image needs to be captured by the device. And then, that image
needs to be processed for the application in question. For quality inspection, the key is developing a system that
can reliably deliver product that is free of defects, and to do that it requires careful so�ware selection.

Why does so�ware make a di�erence?

A combination of hardware and so�ware make up any vision system. The hardware enables the resolution, frame
rate, and other imaging specifications. Through image acquisition and processing, inspection so�ware allows a
system to remain autonomous or help with manual work by streamlining procedures that can be programed into
the workflow.

Using a camera attached to a robotic arm
allows for images to be captured in a
variety of angles with a single device.
Source: AdobeStock, courtesy of Teledyne

So�ware packages for machine vision are designed to usually fit in one of four categories: so�ware drivers, image
acquisition so�ware, image processing so�ware, and other third-party so�ware, such as plug-ins or additional
libraries. Modern so�ware is designed to be flexible to accommodate various use cases. However, each so�ware
has its intended purpose and limitations, whether it be communicating with the hardware or manipulating image
data, they rely on each other to create a fully capable machine vision system. So, it is crucial to understand the
capabilities of each program so that each piece of the system can successfully work together.

Vision System Software Components

So�ware Drivers
The foundation of any imaging so�ware are the so�ware drivers. These establish a digital communication
between the imager, such as a camera, and the host device, such as a computer. The process of image acquisition
starts with the host device sending a signal to the imager to capture an image. Other parts of the inspection
system may also require drivers to establish a connection between each component. This basic connection
allows for multiple imagers to capture hundreds or even thousands of images used for judging the quality in a
production.

Image Acquisition So�ware
Capturing an image is the main objective behind any vision system. By using an imager such as a camera, settings
and controls can be configured to capture just the right image. When establishing image acquisition so�ware,
image data is sent from the camera to the host and interpreted so that it can then be used for inspection. This is
important when using cameras for automation where the system requires the camera(s) to capture images
reliably and consistently when triggered (e.g. bottles passing by a camera on an assembly line that need to have
their fill levels checked). As each bottle passes by, the image acquisition so�ware works with the triggering
mechanism (so�ware or hardware trigger), and captures a series of images that can be analyzed.

Cameras are triggered to capture images of bottle fill
levels with image acquisition software on a factory
assembly line. Source: Shutterstock, courtesy of Teledyne

Processing Software
Manipulating image data is a key function of machine vision applications. For inspection, this means using
so�ware to establish criteria for whether a product passes or fails. The processing so�ware is what enables the
vision system to identify and analyze areas of interest. At this stage in the imaging cycle, the processing so�ware
checks if the image meets expectations or if there is an issue.

For production applications such as robotics, a camera can act as the eyes for an automation system. If a robotic
arm is intended to position and place products in a specific orientation or into a package, the arm needs to have a
reference for the current position. By using processing so�ware, the robot can pinpoint where the subject of
interest is located and properly interact with it. This is done by capturing an image and using the so�ware to
determine information about the image.

Robotic arms help position supplies using
cameras to identify how to pick up each
component. Source: AdobeStock, courtesy of
Teledyne

With some inspection so�ware, an entire sequence of tests or events can be used to judge whether something is
wrong or if adjustments need to be made before proceeding. By setting up a series of tests that can perform
various inspections, so�ware can increase productivity in automation. For robotics, this provides information by
testing for position, orientation, tilt, and other information about how the machine must move to successfully
complete a task.

Third-Party Applications
Additional so�ware options can enhance a vision system. Support for new hardware and so�ware functionality
can be improved by adding plug-ins or additional libraries. O�en when installing a so�ware suite, both the image
acquisition and processing so�ware will be integrated from the same developer. However, additional so�ware
may prove valuable for certain applications. That is why a significant part of the so�ware experience is a result of
its compatibility with other programs.

For those who already have a vision system and are looking to integrate new so�ware or new imaging equipment
that requires a so�ware overhaul, third-party applications can help merge these. A common solution for
di�erent programs working together is through a so�ware plug-in. Developers who provide so�ware plug-ins
allow a vision system to leverage multiple so�ware solutions at the same time.

Some applications bring in new functionality that the existing processing so�ware may not o�er. For a machine
vision program that uses typical pass-fail criteria for inspection, adding in an AI application to also go over these
same images may allow for more complex images to be tested. This can also help locate subjects of interest in an
image while machine vision so�ware can run routine tests more accurately. Through these types of additions,
third party so�ware o�ers a variety of new possibilities when working on inspection without needing to
compromise on a single vendor for all aspects of a project.

The Full Package
Those new to machine vision might assume that they only need to download a single piece of so�ware to handle
all of their needs. The truth is that most so�ware solutions require multiple components to get to the finished
product. Drivers are a must for working with almost any piece of hardware, but these will require the installation
of additional so�ware to control and use that hardware. Once the system can communicate, the next step is to
start sending commands such as how it should capture an image. Once a system has control over the hardware,
images need to be used for inspection of various materials or processes and having a tight integration between
the acquisition and processing of these images is essential.

A complete so�ware package can also include having third party so�ware components for building new
capabilities within the system or to keep existing so�ware solutions functioning as part of the overall system.
Each component in the so�ware solution can provide capabilities, but each developer may o�er di�erent
features and their so�ware may not always be a perfect fit. So, be sure to contact a so�ware provider and discuss
your specific use case with them. This will help clarify what so�ware they o�er for image acquisition, image
processing, and if they provide support for any other so�ware to work with their solution.

Filip Szymanski, Teledyne, Industrial Vision Solutions. Filip is one of Teledyne’s imaging experts whose
technology perspective comes from his degree in photonics and laser technology, and his years of experience in
the machine vision industry working with cameras, sensors, and embedded systems.

NOVEMBER 2021  |  VOLUME 60  |  NUMBER 11



MANAGEMENT

IT’S TIME TO TAKE THE MYSTIQUE OUT OF SUPPLIER MANAGEMENT,
ESPECIALLY FOR SMALL AND MEDIUM SIZED ORGANIZATIONS.

By Daniella Picciotti

What Your 3rd Party Auditor Wishes You Knew About

Supplier Management

It has been said so o�en, and it holds so true – the events of the last year and a half have been unprecedented.
The global e�ects of COVID-19 have rippled through the supply chain impacting every industry including, but not
limited to, delays in shipping, rising prices, and material availability. The processes for selection, evaluation, and
monitoring of supplier performance are increasing in importance for organizations large and small. The
information in this article is intended to take the mystique out of supplier management, especially for small and
medium sized organizations as it relates to ensuring compliance to quality management system standards
ISO9001.

The control of external provided processes, products, and services clause in standards like ISO9001, ISO13485,
and AS9100 (to list a few) encompass key supplier management process elements: supplier selection, evaluation,
and performance monitoring, control over supplier provided materials/services and information flowed to
suppliers. Supplier management, especially for small and medium sized companies, does not need to be
complex or complicated. Whether it is customized so�ware, an access database, or an Excel spreadsheet – the
criteria used to select, evaluate, and monitor supplier performance are not prescribed in any of the standards; it
is up to the organization to determine what is important related to managing suppliers.

Supplier Selection, Evaluation, And Performance Monitoring

Supplier Selection:
The process for selecting a new supplier does not need to be lengthy. Every supplier that an organization utilizes
has an importance to the product, process, or service provided to their customers. While not all suppliers are the
same, there are some common elements that an organization can include as part of the selection process. Some
examples include whether the supplier has a quality management system, the capabilities of the supplier to
provide the products, processes, and services in question, to name just a few. Many organizations use a supplier
self-assessment survey or questionnaire to gather information about a potential supplier. It is recommended to
give some consideration to the questions on the survey; what is important to you as a customer about this
potential supplier? When a supplier provides the responses, who reviews the survey? What if any “red flags”
might be identified based on those responses? There is an opportunity to tailor the survey to add specific
questions relevant to the product, process, or service being purchased. The survey can include potential
customer flow down requirements to gain insight into a supplier’s potential compliance with your customer’s
requirements. The criteria for supplier selection are a key input into the supplier evaluation process.

Supplier Evaluation:
Supplier evaluation is an ongoing activity, not meant for just the initial approval of a supplier’s use. Initial supplier
evaluation, the activity of considering a supplier for approval for use and putting them on the Approved Supplier
List or ASL is the start of the process, and it is the baseline for the re-evaluation activities. As your organization
changes and evolves, so too do those in the supply base. Suppliers move, merge, or even get acquired; how does
your organization evaluate these events to ensure the supplier is still capable of meeting your requirements and
expectations? Supplier evaluation is typically performed annually and based on performance (delivery, quality,
and responsiveness), but there is an opportunity to check in with the supplier to assess any changes such as new
capabilities, expansion, or reduction in capacities, even changes in management or key personnel. This
information can provide insights into potential risks and opportunities with any given supplier and prompt
proactive actions to mitigate identified risks or take advantage of opportunities.

Supplier Performance Monitoring:
Let’s address the general question of timing: how o�en should an organization measure/monitor supplier
performance? The quality management system standards do not dictate a timeframe so it is up to the
organization to determine how o�en supplier performance can be monitored. The frequency can be whatever
works for the organization based on resources, data availability, etc. Some guidance to consider when
determining the frequency of performance monitoring is the criticality of the product/process/service being
procured and the volume or frequency of the deliveries. The more frequent the receipts, the more critical the
receipts, the more frequent the performance monitoring could be.

This is not to say that every supplier needs to have their performance monitored with a high frequency. Rather,
consider a tiered or supplier classification approach. Classifying suppliers and/or products into categories such
as: critical, important, and general can be a way to approach supplier performance monitoring. For example,
critical suppliers may have their performance monitored monthly, important suppliers are monitored quarterly,
and general supplier monitored annually. Determining the level of satisfactory performance can be daunting. A
good reference is the satisfactory performance levels that your customers have for your organization’s
performance. Essentially, what your customers expect of your performance can be the same that you expect
from your suppliers.

Objective evidence is needed to confirm the performance monitoring was performed, the outcome related to the
satisfactory level of the supplier’s performance, and any actions needed based on the performance. Large
organizations tend to have so�ware systems and personnel in place to track performance monthly, sometimes
even weekly. Small and medium sized organizations may not have sophisticated so�ware or a plethora of
personnel to monitor performance. It starts with what is currently measured, what data is collected and available
for use in supplier management. Start with the basics to establish a good baseline for supplier performance and
use that for trending over time.

Type Of Control Over Suppliers
Control over suppliers can encompass activities such as supplier audits and inspection (receiving or source
inspection). This clause in the quality management system standards is to assure both the organization and its
customers the supplier-provided products, processes, and services are compliant to requirements and meet
expectations. The activities conducted to support this clause also support the performance monitoring
processes; there is data to be collected especially at a receiving inspection process: quantity delivered, on-
time/early/late delivery, correctness of the delivery (right part number, quantity, etc.). This is an opportunity to
assess the level of importance or criticality in the product, process, or service being procured and match the level
of control to that criticality.

While no system is 100% escape proof, an organization can increase the level of confidence of preventing defects
from getting into the system through planning the oversight or control to align with the importance of the
purchased process/product/service. Consider integrating a sampling plan where there is high volume and low
part criticality or for high performing suppliers with low to no rejection history utilizing a skip lot inspection or
even a ‘dock to stock’ system to increase the capacity of inspection resources for the more critical items. Reduced
inspection systems are not recommended for some industries and may not be permissible under some industry
or government regulations such as medical device or pharmaceuticals.

Information Provided To Suppliers
The intent of this process is to ensure the organization provides information to suppliers su�icient to confirm
requirements are defined to assure the product, process, or service delivered or provided complies with the
stated requirements. Auditors look at purchase orders or contracts with suppliers to review what is included in
the PO; part number, revision, description of any process or services to be provided, expected delivery dates,
requirements for qualifications/certifications held by the supplier, to list but a few.

The information on a PO to a supplier should contain requirements and data elements that would be part of the
performance evaluation and monitoring such as on time delivery, quantity being procured/processed, special
requirements like packaging and documentation, change notifications, etc. In addition, customer flow down
requirements related to supplier products, processes, and services are to be included. Having a documented
process to identify the hando� from the receipt of a customer contract or purchase order review to the
purchasing function is an approach to connect these activities.

Summary
This article is intended to provide insights and suggestions in supplier management particularly for organizations
that have quality management system certifications such as ISO9001, AS9100, and so on. A key takeaway is that
managing suppliers is not a single person or function’s task. Those in the purchasing function can benefit from
the insights that those in the quality and operations functions have when it comes to selecting and evaluating
suppliers. Likewise, those in purchasing can provide valuable information and perspectives on both risks and
opportunities with potential suppliers.

It is recommended to have some type of defined process in a procedure or work instruction. The reason for this
recommendation is twofold:

1. To have some documentation to use for performing the activity itself and

2. To have a resource for training when new personnel may be involved in the process.

Taking an active role in managing suppliers ensures an organization is not only in compliance with the quality
management systems standards like ISO9001, it also ensures the organization is managing the risks associated
with suppliers.

Opening Video Source: Marco VDM/Creatas Video via Getty Images.

Daniella Picciotti is the president of QMS Alliance. For more information, call (619) 766-5133,
email daniella@qmsallaincesd.com or visit qmsalliancesd.com.

NOVEMBER 2021  |  VOLUME 60  |  NUMBER 11

mailto:daniella@qmsallaincesd.com?Subject=
https://qmsalliancesd.com/


https://www.qualitymag.com/infocenter/3d-scanning-for-quality-and-design


Products
THE LATEST PRODUCTS TO HELP YOU IMPROVE YOUR MANUFACTURING

PROCESS
Nikon Metrology Industrial Microfocus X-Ray
CT Inspection Solutions
When using X-ray CT (computed tomography) for non-
destructive quality control of larger components like
aluminum castings or battery modules for electrical
vehicles, the challenge is to shorten inspection cycle
times without compromising resolution. One
prerequisite for achieving this is high X-ray intensity, or
flux.

In Nikon Metrology’s range of X-ray CT systems, a rotating target can already triple the flux for a given focal spot
size and the flux can be further increased by motorized FID (focal spot to imager distance), which brings the
detector closer to the source at the push of a button.

With the release of a new o�set CT reconstruction algorithm in the latest version of the manufacturer’s Inspect-X
so�ware, not only can larger components be scanned but it can also be performed at higher geometric
magnification. The O�set.CT module is available on all Nikon Metrology X-ray CT systems from 180kV through to
450kV.

With this combination of the latest Rotating.Target 2.0, adjustable FID and O�set.CT, cycle times are significantly
reduced, and better resolution is achieved, even when processing large and complex components.

O�set.CT is a scanning method that allows small or large components to be inspected fully while only part of the
sample is within the field of view (FOV) during rotation. The component is placed such that only just over half of
the object lies within the X-ray cone beam, allowing a much wider FOV and reconstruction volume.

Compared with traditional CT, this has two main benefits for component inspection. First, larger components,
even those wider than the detector itself, can be scanned without having to use a larger CT machine. Secondly, it
allows the component to be placed much closer to the X-ray source, allowing higher magnification and therefore
significantly increased voxel resolution. Consequently, a broader range of sample sizes can be scanned at high
resolution.

It is therefore easier to perform a wide range of critical inspection tasks including identification of small internal
defects, measuring features in the interior of complex components, or detecting deviations from a nominal CAD
model, even when dealing with large components.

Adjustable FID is a standard feature in Nikon Metrology 225kV XT H systems and Large Envelope CT systems up to
450kV. The benefit of shortening the distance between the source and the detector using motorized FID
functionality is that the X-ray flux is increased. It serves to improve the signal-to-noise (SNR) ratio and the image
quality of digital radiographs and 3D voxel data, in addition to allowing increased scanning speed.

Nikon Metrology's Rotating.Target 2.0 is able to generate X-rays that are three times more powerful for a given
microfocus spot size, without reducing image resolution. Scan times are consequently shorter and/or denser
samples can be penetrated. Rotating.Target 2.0 features a maximum voltage of 225kV and a maximum power of
450W, but for larger and denser components a microfocus 450kV rotating target X-ray source is available.

The combination of the three features, Rotating.Target 2.0, motorized adjustable FID and O�set.CT, which is not
o�ered by any other supplier, makes it possible for a user to find the perfect balance between scan speed and
resolution when implementing X-ray CT for quality control in automotive plants and their supply chains, as well
as in other manufacturing industries.

Bigger parts having complex geometry, such as castings and additively manufactured components, some of
which have become much larger in recent years, benefit in particular from industrial X-ray CT solutions from
Nikon Metrology. Inspection of battery modules for electric vehicles, in which individual battery cells requiring
high resolution imaging are encapsulated in a larger protective unit, is a particularly good fit for the inspection
technique.

The 3D data acquired by these CT systems can help save costs, reduce scrap, and decrease failure rates
throughout the lifecycle of a product. This applies in the product development phase as well as the pre-series
phase, where parts are scanned to optimize production parameters. Moreover, the solutions are able to deliver
these benefits at scale, supporting series inspection in the production environment for improved process control.

Nikon Metrology, Inc.
www.nikonmetrology.com

Resonon Ultraviolet Hyperspectral Camera
Resonon, a leader in hyperspectral imaging, has just released
the Pika NUV2, an ultraviolet plus visible hyperspectral
camera available commercially. The Pika NUV2 will be an
essential tool for advanced research, industrial vision
systems, remote sensing, and many other hyperspectral
imaging applications.

The Pika NUV2 is a line scan imaging spectrometer that scans a spectral range of 330 – 800 nm. It can be used in
Resonon’s benchtop, outdoor, airborne, and machine vision systems, and is available now.

Human vision spans a spectral range of 400 – 700 nm; wavelengths below 400 nm are considered ultraviolet.
Birds and insects can see ultraviolet light, flowers and plants o�en have noteworthy ultraviolet features, and
solar illumination extends down to about 300 nm at the Earth’s surface. Furthermore, pharmaceuticals and other
industrial products can possess unique ultraviolet signatures which the NUV2 can quantify for sorting or quality
control purposes.

Most glass materials that comprise optical lenses do not transmit light below about 350 nm.

Over a spectral range of 330 – 800 nm the Pika NUV2 provides 255 contiguous spectral channels at each pixel, and
each spectral channel is 1.84 nm wide. The spectral resolution (FWHM) is 3.2 nm. Each camera frame is an image
line that has 1500 spatial pixels.

Resonon 
www.resonon.com

Pepperl+Fuchs Ultrasonic Sensors For Safety Applications
Pepperl+Fuchs is expanding its factory automation portfolio with the
all-new USi-safety ultrasonic sensor. Suitable for use in harsh
environments and even for outdoor applications, this small but mighty
sensor requires only a small amount of installation space.

The USi-safety is a 2-channel ultrasonic sensor, featuring two transducers connected to a control interface. On
each of the two independent channels, objects can be detected via an elliptical sound beam within ranges of up
to 2500 mm. Two safe OSSD outputs are provided for signal output.

Due to the special “wide and shallow” shape of the detection field, the system can be successfully used just above
the floor or close to a wall. Perfected for monitoring in three-dimensional space, the optimal protection of
machines, vehicles, and persons is therefore ensured. This is made possible by the special shape of the sound
beam: while conventional ultrasonic sensors emit acoustic signals in the form of a radially symmetrical sound
beam, the USi-safety does so in an elliptical sound field. Due to the opening angle of ± 17°/± 5°, a particularly wide
detection range is generated in one plane and a narrow detection range in the other plane.

The USi-safety joins the existing Pepperl+Fuchs safety portfolio, which includes inductive safety sensors,
photoelectric sensors, and light grids, safe positioning systems, safety-related AS-Interface components, and
many di�erent explosion-protected interface modules.

Application Examples:

Reliably preventing collisions involving driverless forkli�s

Machine safeguarding in the wood industry

Personal safety in lane-guided AGVs

Pepperl+Fuchs
www.pepperl-fuchs.com

Ximea SCMOS XiJ Camera Family
Continuous progress in scientific fields places ever-higher demands on the
tools used in various research application areas. To meet these increased
requirements Ximea has integrated the newest technologies improving the
parameters important for the scientific community. This progress started
with the introduction of the newest Scientific CMOS (sCMOS) sensors by
Gpixel company, assembled mainly under GSENSE family.

The Ximea team chose to start with models based on GSENSE5130, GSENSE400, GSENSE6060 and especially
GSENSE2020 including the BSI versions.

The main distinguishing features of the sCMOS sensors are their Dynamic range of up to 90 dB and exceptionally
low noise down to 1 e-. With the BSI or Backside illuminated versions the sensor gets an additional boost in the
Quantum e�iciency in certain cases reaching 95% sensitivity. Present is also the HDR mode where for each pixel
Low and High gain channels are readout with two 12 bit ADC samples resulting in merged 16 bit. This further
allows to optimize the image quality output, either for the lowest noise or highest Full well capacity, saturation
and other parameters.

To provide flexibility, Ximea designed several camera versions for each sensor with some focused on the full
speed potential and some on ultimate image properties. This was the reason to o�er the cameras with
Thermoelectric Peltier cooling or with a fast interface represented by the PCIe able to reach 20 Gbit/s and more.
Therefore, the models with high speed are oriented on Global shutter mode and models meant for low noise are
optimized for the Rolling shutter.

The cooled models are ideal for low light applications reducing dark noise during long exposure times, whereas
PCIe models are perfect for rapid process capturing.

Ximea
http://www.ximea.com

Advanced Photonix Large Area Avalanche Photodiodes
Advanced Photonix, a division of OSI Optoelectronics, introduced
compact and rugged Large Area Avalanche Photodiodes (LAAPDs). The
new LAAPDs are available in various sizes, from 3 mm, 5 mm, 10 mm, to
16 mm active area diameters. The devices operate at up to 2000 volts
with gains of up to 300. With extremely low noise levels and high stable
gain, the photodiodes are o�ered in cooled or uncooled packages.

The large area avalanche photodiodes are available with high sensitivity in Blue, Red, or Deep UV spectral regions
down to 150 nm with 120% quantum e�iciency. They are ideal for scintillation or direct X-ray detection
applications.

Advanced Photonix 
https://www.advancedphotonix.com/product/detectors/avalanche-photodiodes/ 

Ensenso S10 3D Camera
The Ensenso S10 is equipped with a 1.6 MP Sony sensor and operates on a
laser-based 3D process. A narrowband infrared laser projector creates a
high-contrast dot pattern – even on objects with di�icult surfaces or in low-
light environments. The camera's laser point triangulation is accelerated by
a neural network and enables reliable mapping of the captured pattern
points to the hard-coded positions of the projection. This results in robust
and geometrically precise 3D data with high depth accuracy. At object
distances of 50 cm, the maximum deviation is only 0.6 mm. At full projector
power, the Ensenso S10 3D system achieves up to 20 point clouds per
second with consistently high quality and resolution.

With a rugged zinc die-cast housing, a 60° field of view and a working range of 0.5 to 3 meters, the 3D camera can
be used universally and is suitable for industrial applications with high cost e�iciency. Combined with the
flexibility of the Ensenso SDK, it is also quickly and easily integrated into many applications where, for example,
variant objects need to be safely gripped in large numbers or obstacles need to be detected for collision-free
movements of robots and UAVs. The Ensenso S10 is also at home in logistics automation as well as in robotics or
in the agricultural sector. Especially high-volume and price-sensitive projects can now benefit from 3D image
processing in industrial quality.

IDS Imaging 
https://en.ids-imaging.com/ensenso-3d-camera-s-series.html  

JAI Go-X Series With New Rolling Shutter Cameras
JAI has expanded its Go-X Series of small industrial cameras with three
additional models. The new models are built around Sony´s popular
STARVIS sensor platform featuring CMOS rolling shutter technology
and includes 6.3-megapixel (IMX178), 12.2-megapixel (IMX226) and 20-
megapixel (IMX183) resolutions, all available in monochrome and
color versions.

The sensor design utilizes back-side illumination technology featuring a simpler and more compact pixel
architecture leading to excellent light sensitivity and high quantum e�iciency. The new cameras include a global
reset function that lets users combine the advantages of global and rolling shutter in applications where flash
illumination can be used. With their attractive price point, these new rolling shutter cameras are ideal in vision
systems where cost-e�iciency is a key system design parameter.  

With small industrial cameras being utilized more and more in vision systems monitoring critical factory
manufacturing, warehousing and robotics operations, the cameras in the Go-X Series feature high shock and
vibration ratings of 80G and 10G, respectively, and are designed to optimally dissipate heat to avoid breakdowns
in typical industrial environments and under nonstop operating conditions. The high reliability of the cameras is
backed by a full six-year warranty.

In addition to providing high manufacturing quality, the new cameras–in line with other Go-X Series models–are
designed to provide higher image quality, thanks to a rigorous dust prevention and screening process.  The
special dust prevention measures include cleanroom assembly, internal seals around the sensor compartment,
and a rigorous screening process to ensure every camera shipped delivers the best possible image quality via a
clean, dust-free optical path.

The new rolling shutter models share many of the same features as the rest of the Go-X Series cameras including,
standard C-mount, region-of-interest (ROI), image flipping and mirroring, blemish compensation and shading
correction–plus, an automatic level control function (ALC) that lets users define the interactions between auto-
gain and auto-shutter operation to minimize noise and optimize apertures in dynamic lighting conditions. Power
can be provided over the GigE Vision interface or via a separate 6-pin I/O connector.

Weighing only 65 grams and with 29 mm x 29 mm x 51.5 mm dimensions, the new cameras are suitable for a wide
range of applications in factory manufacturing lines with tight spaces or in applications involving robotic arms,
drones, or other scenarios where portability is a key requirement.

JAI
https://insights.jai.com/go-x-series
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WHEN NEW INDUSTRIES, TECHNOLOGIES,
OR PROCESSES EMERGE AND GROW, SO

DOES THE NEED FOR STANDARDIZATION.

Additive manufacturing is at the forefront of the new industrial revolution. The additive manufacturing (AM)
industry is constantly evolving to produce a stronger, consistent part. 3D printing is much older than people
realize—some of the first experiments using additive date back to 1981. Japanese Doctor Hideo Kodama of
Nagoya Municipal Industrial Research Institute was one of the first to invent a single-beam laser curing approach.
Perhaps better known, in the United States it was Chuck Hall in 1984. Both systems use a UV light to strike a vat of
photopolymer material and where the material is struck, it hardens. When the layer is completed, the platform
moves down, more material covers the geometry, and the process repeats until the geometry is complete.

Since then, many improvements to AM equipment, technology, and processes have been made. The means of
deposition can, and do, vary greatly with di�erent levels of maturity. When new industries, technologies, or
processes emerge and grow, so does the need for standardization. Standards help ensure safety, reliability, and
repeatability. In 2008 15 people from the then rapid prototyping industry sought help from ASTM Intl to start the
development of standards for these technologies. In January of 2009 the F42 - Committee on Standards for
Additive Manufacturing was formed. And yes, the first meeting was focused on what the consensus adopted name
would be.

As more standards were developed it became apparent that
classification of these technologies would be needed.
Throughout this article, we will go through the seven AM
processes categories, what standard organizations (SDO) are out
there, and where standards for AM are now. With currently over
1,000 members in the ASTM F42 committee these developments
are moving quickly.

The Need For Additive Standards
Additive manufacturing is at the forefront
of the new industrial revolution. Carl
Dekker explains how additive
technologies have evolved, why additive
standards are needed, and how you can
get involved in the process.
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BINDER JETTING
Binder jetting was the original ‘3D printing’ system developed at MIT. Materials for this process can vary from the
original corn starch to metal to sand to even ceramics. This process starts with a thin layer of powder spread
across the build platform. Then, the printhead with inkjet nozzles passes over, selectively depositing drops of the
binding agent, this agent bonds the powdered particles together. When printing in full color, this is also the step
when the colored ink would be dispensed. When the layer is complete, the platform moves down and is then
recoated with more powder, and the process repeats until the part is finished. When finished, the part will be
encased in a powder bed and should be le� until completely cured and cooled. Once cured, it is stronger and
ready for post-processing. Any excess powder is blown or brushed o� and per customer discretion, secondary
finishing begins. Material dependent, there is usually post-process sintering that is required when using metal
binder jetting. Also, to ensure the vibrancy of colors, full-color prototypes should be infiltrated with acrylic and
coated. Parts in their “green” state are very brittle and have a high porosity so it is recommended to do some sort
of secondary finishing.

DIRECTED ENERGY DEPOSITION
Developed at Sandia National Labs, directed energy
deposition (DED) is becoming more used when repairing or
adding additional material to an existing piece. The existing
part or piece is added to the build chamber and a multi-axis
nozzle is moved around it. Feedstock can be either
powdered or wire that is deposited through the nozzle
(similar to material extrusion) onto the object. The material
is concurrently heated with an electron beam, laser, or
electrical arc making it pliable while being deposited into a
melt pool. This process repeats, layer by layer until the
repair, or part is completed. This process is very useful
when repairing products with long lead times or legacy
products that are no longer being created.

MATERIAL EXTRUSION
Material extrusion (invented by Scott Crump in 1989) is a bit
di�erent than the rest because of how the material is
dispersed. Material is pushed through an extruding nozzle
while simultaneously heated to a malleable state. The
extruding nozzle or head moves back and forth depositing
material layer by layer, while the build platform descends
a�er each layer. This process is currently the most common
form of AM as it is low cost utilizing open-source so�ware
and easily available material. Popular technologies like
fused deposition modeling (FDM from Stratasys) use this
technology to build strong consistent parts or tools.

THMATERIAL JETTING
Material jetting is when the print head is positioned above the build platform, the print head deposits droplets of
material, some systems use liquid photopolymers, and then a UV light sweeps over the platform curing the layer.
This repeats until the part is completed. This process is very similar to the inkjet printer you have in your home,
the main di�erence being it does not stop at the 2D print. What sets this process apart from others is the full x-
axis material deposition. What this means, other processes only have a singular source depositing liquid, while
material jetting has multiple, even hundreds of printheads depositing material. Machines made using this
technology can produce a wide variety of parts: clear, strong, flexible, full color, single color, customized material
properties, etc.

POWDER BED FUSION
Developed at the University of Texas - Austin under the guidance of Dr. Joe Beaman, Carl Deckard developed
selective laser sintering (SLS) in 1986. Many machines can perform powder bed fusion (PBF) like selective laser
sintering (SLS), selective laser melting (SLM), direct metal laser sintering (DMLS), and even electron beam
melting (EBM). All of these machines use the same method. First, a layer of powder is spread across the bed, then
a laser strikes the powder bed based on the 3D data. When the laser strikes the powder bed it sinters or melts the
material, fusing or welding it to the prior layer. The bed is then lowered, another layer of powder is spread
across, the laser strikes and the process repeats until the bed is complete. This process allows for multiple parts
or assemblies to be done in the time it would take to create a single part. Once the bed is complete and cooled, it
is also completely cured. We now also have the multi jet fusion (MJF) that builds in a powder bed but uses an
energy catalyst through a fusing agent. This allows for faster build speeds in polymer systems.

SHEET LAMINATION
Michael Feigen invented the laminated object manufacturing (LOM by Helysis 1995), which uses thin sheets of
material that are fused layer-by-layer, then the part is profiled with a laser or knife. There are many types of sheet
lamination depending on the material or forming method used. Sheet lamination can do these steps in either
order, form then bond or bond then form. By forming it means cutting the material in the desired shape and
bonding meaning joining the layers together. Some of these systems use adhesives, thermal bonding, or
ultrasonic consolidation which is applied through thin strips of metal alloy.

VAT PHOTOPOLYMERZATION
This is the first additive manufacturing technology and the one that also started an industry. The initial process
started with a platform that was submerged into a vat of material. We have now added inverted build envelopes
that only require a fraction of the material.

While both of these systems utilize photosensitive materials, small batch control options are now available.

Integration of thermoset chemistry is also enabling urethane and silicone families of materials.

STANDARD DEVELOPMENT ORGANIZATIONS (SDOS)
To ensure these processes are producing safe, reliable, and consistent parts there are a variety of AM standard
development organizations (SDOs) to ensure just that. Organizations like ASTM F42, ISO Technical Committee
261, ASME Y14.46 Committee, AMS-AM Committee, AWS D20 Committee, ISO TC184/SC4, and the list keeps
growing. The ASTM International (American Society for Testing and Materials) Committee F42 on additive
manufacturing technologies was established to address the highest priority standard’s needs. This committee
has a variety of subcommittees for terminology, test methods, materials and processes, design, environment,
health and safety, and the U.S Technical Advisory Group (TAG). In 2011, ISO and ASTM have signed a Partnership
Standards Development Organization (PSDO) agreement. This agreement has helped fast-track the adoption
process and eliminates any duplication of e�ort. ASTM and ISO have agreed to mutually reference their
standards in publications to try and normalize terminology and expedite the adoption process.

America Makes, in conjunction with ANSI, organized and led an activity to publish a roadmap of the current
standards landscape.

This roadmap (rev 2) has identified currently 93 gaps that have been discovered by these committees. They have
found 19 as a high priority, 50 as a medium, and 24 as low. ASTM is already positioned to address 82 gaps in
conjunction with ISO, but 64 of these gaps will require research and development.

Development is under way on examinations for microwave testing, guided wave testing, and revival of the
currently dormant neutron radiography method.

NDT methods listed in SNT-TC-1A for which ASNT does not currently have plans to develop examinations for are
the ground penetrating radar, laser and vibration analysis methods. The employer requiring these methods
would need to address these in their written practice.

The Industrial Radiography Radiation Safety Program (IRRSP) is also o�ered to meet regulatory requirements in
the U.S. ASNT is recognized as an approved certifying entity for industrial radiation safety certification of
radiographers utilizing Gamma devices (RAM), X-ray devices or both (combo) devices.

Employer-based certification systems in the U.S. generally utilize the requirements of the industry they serve.
NAS-410 is specified for most aerospace/aircra� applications, ANSI/ASNT CP-189 is specified for many nuclear
and for some specific applications, and various industry-specific systems may also be specified for certain unique
applications. SNT-TC-1A is generally specified for most other applications.

To become certified, personnel must meet the requirements of the certifying authority for third party programs
and/or the employer’s written practice for employer-based programs. This consists of documented evidence that
the requisite number of formal classroom training and total NDT as well as method specific experience hours
have been attained, followed by successful completion of the written general (closed book), written specific and
practical (hands-on demonstration) examinations. An eye examination is also required to verify acceptable visual
acuity and color contrast capability.

I hope the information presented provides a useful summarization of the more prevalent NDT certification
programs currently in use and how they have evolved. As technology and industry continue to advance, NDT
certification requirements and the programs to address them are sure to follow.

Image source: Getty Images

Carl Dekker is the president of MET-L-FLO and the Additive Manufacturing Users
Group, Fellow of the ASTM Intl., Past Chair ASTM Intl. F42 Committee on Standards
for Additive Manufacturing, and a Past Chairperson of the SME’s Rapid Technologies
and Additive Manufacturing (RTAM) Community (formerly the RPA). SLA “Dinosaur”
award. For more information, call (630)409-9860, email sales@metlflo.com or visit
www.metlflo.com.
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How Remote Visual
Inspection Technology
Contributes to a Safer World
and a Robust Global Economy
REMOTE VISUAL INSPECTION PRODUCTS ENABLE US TO
SEE AND EVALUATE DEFECTS IN MACHINERY AND
INDUSTRIAL EQUIPMENT.

By Zachariah Issa

Our reliance on large-scale machinery has grown greatly over the past few decades, making it more important
than ever to ensure the reliability, e�iciency, and safety of our day-to-day use of these systems. From aerospace
to power generation to security, remote visual inspection (RVI) products enable us to see and evaluate defects in
machinery and industrial equipment. One common example is the mechanical health inspection of aircra� jet
engines. These RVI instruments allow the inspector to observe the internal conditions of the jet engine without
disassembling it. Instead, a thin insertion tube enables you to look into di�icult-to-access areas such as the
combustion chamber, turbine blades, and many others. This ability makes RVI products crucial for maintaining
the quality standards of these systems, contributing to the overall safety of our society and the robustness of the
global economy.

VIDEOSCOPE TECHNOLOGY
Videoscopes are the most common RVI tools. They’re comprised of two parts—a base that contains an LCD
monitor and an insertion tube (scope) that is available in various diameters and lengths, depending on the
application. The insertion tube has a lens system at the end that is inserted into the inspection area. It also has an
imaging sensor (CCD or CMOS chip) that translates the image into an electrical signal, which then can be
observed on a screen. Videoscopes can be handheld units, where the screen and the controller are together, or a
system where the base and the controller are separate. Videoscopes can capture pictures, videos, and be used to
take measurements. They also have features that help optimize the image taking process, such as automatic
brightness control, denoising, digital zoom, and many others.

The features that are important for one industry may be less important for another. However, two features that
are critical in all industries and applications are brightness and image quality. Videoscope inspections tend to be
carried out in dark spaces with little to no ambient light. Having a bright videoscope enables you to see defects
and make accurate decisions. Seeing the defect, however, is not su�icient if the videoscope’s image quality and
resolution are subpar. These features, when optimal, make for a more successful and e�icient inspection.

A videoscope’s image quality and overall capabilities are determined by its lensing system and suite of features.
Below, I discuss some of the most important videoscope features and how they contribute to higher quality
inspections.

TIP ADAPTORS
Videoscopes use tip adaptors that attach to the end of the insertion tube. Depending on the objects you want to
examine, inspectors can choose a near-focus tip for observing objects that are very close to the lens (less than ¾
inch) or a far-focus tip to inspect large areas at farther distances. Tips are model specific, so they depend both on
the unit model as well as the insertion tube’s diameter.

The tips’ e�ectiveness—and, therefore, the e�ectiveness of the inspection—is impacted by its field of view and
depth of field. The field of view (FOV) is measured in degrees and represents the angle of the visual field collected
by the tip adaptor. This means the FOV is directly correlated to how much of the inspection area is visible in a
single image. A large FOV, such as 120 degrees, means that more of your area of interest can be viewed at once
relative to a FOV of 40 degrees. Larger fields of view are more common as it allows the inspector to quickly
search for issues. You spend less time moving the end of the insertion tube as you can see more of the inspection
area. However, small fields of view can be beneficial in some applications as they enable you to see much farther,
such as across a vessel chamber.

The tip adaptor’s depth of field (DOF) is the distance from the camera lens to the object you can focus on. Most
lens systems for consumer cameras have a DOF starting at a few inches. Videoscopes are specialized in that they
can have depths of field starting at just 1 mm (0.04 in.). Another feature unique to videoscope lensing is that the
DOF is deeper. That is, the focal range can start around ½ in. and go to infinity. This means that an inspector can
clearly see objects as close as a ½ in. away all the way out to as far as they need without changing tip adaptors.
For these reasons, tip adaptors and their lenses are crucial to an e�ective visual inspection.

SCOPES
Some industries, such as nuclear power generation, require long 20 m to 30 m (65.6 � to 98.4 �) scopes. Long
scope applications have many unique challenges. One of the biggest is the ability to reach such distant targets.
Scopes need to balance the flexibility to maneuver through bends while being rigid enough to be able to be
pushed through long straight sections. When your target is 25 to 30 meters away, it can be hard to make those
last few meters. However, accessories—such as a push rod—can help by adding rigidity to the scope and making
it easier to make that final push.

Some videoscopes have interchangeable scopes. This is useful for customers that want to use the same base for
two or more applications, such as a 4 mm diameter scope for one inspection and 6 mm for another. An additional
perk of having interchangeable scopes is that you can swap it out if the scope degrades. This can sometimes
happen if they’re used in harsh environments such as nuclear facilities. Having an extra scope around to maintain
operations and uptime is imperative.

Other industries, such as wind power, benefit from lightweight, handheld videoscopes since inspectors need to
climb the wind turbine towers. Small videoscopes function the same as larger models. The only di�erence is that
they’re compact, and the screen and controller are one piece. Being ergonomic and easy to use, handheld
scopes are good options when inspecting in a confined area where there’s little to no space to move and operate.
You can hold the unit with one hand while inserting the insertion tube with the other.

DEFECT MEASUREMENT
When you locate a defect, it’s important to be able to measure it. Advanced videoscope measurement capabilities
are important for industries with stringent safety and regulatory guidelines. Knowing the measurement of a
defect can be the di�erence between normal operation and a potential catastrophic event. Stereo measurement
is one of the most accurate and precise measurement methods available. It uses a two-lens system to measure
the distance from the tip of the scope to the target. The videoscope automatically and quickly (even before a
picture is taken) calculates the Z value, or the distance to the measurement point in real space. The videoscope
can then calculate all the other X and Y values in the image. The videoscope does this automatically without
input from the user. Once the calculations are complete, the inspector can perform measurements on defects
such as length, point to line, depth, and area. The combination of functions gives the user a wide range of tools to
measure many di�erent types of defects that they may encounter.

CONCLUSION
Videoscopes are versatile remote visual inspection tools whose suite of technological features contribute to the
safety of our modern world. Videoscope inspections also contribute to the overall strength of the global
economy by helping inspectors ensure that critical systems—be it airplanes, nuclear power plants, wind towers,
or other infrastructure—are operating safely. Their combination of bright light sources, high-quality optics, and
advanced measurement capabilities enables inspectors to peer inside an array of machinery that are critical to
our modern way of life and then reliably inspect and analyze the integrity of these systems.

Image source: Olympus IMS

Zachariah Issa is a sales engineer with Olympus IMS, Houston, TX. For more
information, email zachariah.issa@olympus.com.
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TRENDSNDT

Size, Safety and Software: Driving
Innovation in Nondestructive
Testing of Electronics

THERE’S NO DOUBT THAT TECHNOLOGY IS RAPIDLY
ADVANCING IN THE AUTOMOTIVE INDUSTRY.

By Alex Geiger And Brandon Miller

The  future of the automotive industry depends on sustainability and rapidly changing innovation. The availability
and adoption of advanced technology solutions is driving the majority of the underlying trends in the
marketplace. The demand for electric vehicles, connected cars, mobility fleet sharing, onboard sensors for safety,
and always-on connectedness requires new production techniques as well as a reliable method of inspection.

Today’s vehicles could be equipped with anywhere from 60 to 150 sensors to keep everything running the way it
should. While automakers continue to adopt smart and autonomous driving technology for the vehicles they
manufacture, the total number of sensors as well as their sophistication increases. These sensors, including the
electronic and electromechanical components within them, control everything from performance
characteristics, temperature inside the vehicle, driver alerts for forward collision warnings to automatic braking,
self-parking and so much more.

Due to this rapid sophistication, the numbers of electronic and electromechanical components are not only
increasing in number but also in variation. Di�ering size, complexity of design and weight make each sensor a
unique inspection challenge. Each one must pass a failure analysis to ensure the safety and reliability of the part,
critical in an industry like automotive where it can be the di�erence between life and death.

That’s why it’s so important to identify the best inspection technique for the highest quality and reliability. One of
the best methods is nondestructive testing (NDT) with computed tomography (CT). In 2020, the automotive
industry ushered in a new decade of innovation, and although the year was fraught with challenges due to the
pandemic, the industry managed to persevere. The setbacks of 2020 also gave automakers the opportunity to
slow down and reposition themselves as they emerge from the crisis on a new path towards electrification and
connectivity. Some major areas of focus include safety, energy e�iciency, buyers’ expectations and adherence to
legislative regulations. This article addresses meeting and exceeding the levels of quality to enable growth in all
these areas with a focus on utilizing new X-ray and CT tools for faster and more accurate results; NDT inspection is
the key to success.

CT imaging of an LED headlight assembly with segmentation of components
for ease of visualization. Source: Yxlon FF85 CT

Some of the most common electromechanical and electronic parts that nondestructive industrial computed
tomography can provide solutions for are:

Printed Circuit Boards (PCBs)

Bare Boards

BGAs / LGAs

QFNs / QFPs

Plated Through Holes

Insulated-Gate Bipolar Transistors (IGBTs)

Micro-bumps

Sensors

Micro-electromechanical systems (MEMS)

Micro-opto-electromechanical systems (MOEMS)

Through-silicon vias (TSVs)

Batteries

Connectors

SIZE
Increased complexity is not the only issue. There are also size, weight, and throughput extremes pushing the
limits for manufacturers. Miniaturization of components to increase functionality, use of heavy and dense
materials in EV batteries, and the sheer volume of sensors are all demanding new and improved methods of
quality assurance.

MINIATURIZATION
Electronic components are becoming smaller and smaller to be integrated into mechanical and other devices on
the vehicle to increase functionality and connectedness. 3D imaging via laminography or CT can be used to
identify cracks, open solder joints, or voids to reduce the risk of failure. With new, larger detectors (see next
image) sub-micron detail detectability in 3D imaging is now possible in a fraction of the time. This enables the
manufacturer to optimize their process workflow before beginning production while the manufacturing runs are
still agile and able to be corrected relatively easily. Optimizing at the smallest level possible ensures long-term
functionality and minimal recalls.

BATTERY INSPECTION
There are many challenges to consider when inspecting a battery, including their size and density of material.
Each battery contains many di�erent layers that, depending on the composition of the materials, deteriorate
over time. When batteries deteriorate, it can lead to fires that are not easily controllable, which greatly increases
the risks and consequences of failure. With industrial X-ray, quality managers can see through the various layers
of the battery to identify any potential issues that may lead to a cycle/fatigue failure in the field. Utilizing a
scanner set for maximum signal and a heavy-capacity load tray to increase weight capability, battery production
can be designed with the highest safety and performance standards possible. Catching battery defects during
R&D and in production can greatly reduce the risk of a total failure a�er several months of operation.

THROUGHPUT REQUIREMENTS
A side e�ect of increasing the usefulness of each individual device means more electronics are required in total.
The number of electronic sensors and boards required for each vehicle has increased to over 100 in many cases.
To achieve adequate quality assurance on these components, X-ray inspection must be able to keep up. Luckily,
the latest generation of detectors have been optimized for high sensitivity, resulting in throughputs more than
double what used to be possible. Coupling these detectors with algorithms to aid inspection, total e�ectiveness
of each inspection system can be multiplied for maximum cost-e�ectiveness.

3D imaging of BGA solder balls with voiding. Source:
YXLON Cheetah EVO with ORYX 1616 detector

SAFETY
In order to demonstrate compliance with legislative requirements of all electronics and electromechanical parts
used to create the newest o�erings of the automotive industry, extensive data collection and testing is required.
A single non-compliant part represents a very real risk, not only from a legal perspective, but also from a market
recall that could cripple an organization. Of course, the greatest risk of part failure is the possibility of injury or
even death. Proper inspection can greatly reduce or even eliminate unnecessary risks.

ACCURACY
It is important to be able to define the accuracy and measurement error associated with inspection processes to
quantitatively define risk. With the latest technology available in CT systems, it is now possible to define accuracy
in the single-digit-micron range even for completely enclosed surfaces. Many times, there is no other way to
nondestructively measure production components for field use.

RELIABILITY & TRACEABILITY
It is one thing to be able to inspect and measure components, but without reliable and traceable processes, this
data could become useless as soon as the components move to the next process. Utilizing repeatable fixturing
and programmable inspection plans, automated reports can be generated on a serial number level to allow for
traceability when the inevitable failure does occur. While the damage may be done, going back to analyze the
images and reports can ensure manufacturers are continuously improving their products and thus, continuously
making our roads safer.

SOFTWARE
Once you’ve identified the right method of inspection and data acquisition, the next step is the so�ware analysis.
The secret to successful analysis lies in the so�ware you choose. It is key to visualize the data in the most
e�ective way to ensure all indications are clearly identified and stand out from the background. So�ware can not
only enable the operator to view the data but the computer itself can use algorithms to pick up subtle details that
the human eye may have missed. Not to mention, these so�ware tools make it faster and more repeatable across
di�erent operators, shi�s, and even di�erent regions.

AUTOMATIC DEFECT RECOGNITION
Artificial intelligence and machine learning have become buzzwords in every industry, and inspection so�ware is
no di�erent. Utilizing new algorithms from so�ware (see next image), laminography data can be analyzed for
voiding, BGA size, or die tilt in as few as three clicks. By making it easier (and faster!) to quantify data reliably,
quality standards and procedures can be built around data, and trends can be analyzed over time for patterns.
The automotive market o�en doesn’t have time for 100% inspection of every component, every time. Using
trustworthy so�ware to help guide decision making will guarantee the best outcome.

Laminography data of voiding in various leads.
Source: YXLON Cheetah EVO

AUTOMATION
Another major trend sweeping across the auto industry is automation. Whether that be assembly, welding, or
even wiring, any chance to increase throughput and factory safety is thoroughly explored. Now it is becoming
even easier to automate the inspection of samples with the use of acquisition so�ware that seamlessly feeds
directly into analysis and reporting. Entire inspection plans can be automated to include operator inputs as well
algorithm outputs to encompass one single report per part. These reports can then be fed back into the
manufacturing execution system for easy tracking of key metrics related to factory e�iciency. These capabilities
ultimately lead to a more trustworthy process that can reduce scrap and increase overall quality.

Laminography showing blown wire. 
Source: YXLON Cheetah EVO

SUPPORT FROM SILICON VALLEY
The booming technology advancements in the automotive industry has been building over the past decade in
Silicon Valley. This area, which has been known mainly for its long-standing global leadership in so�ware
development and product innovation, is fast emerging as the hub for research and development of the newest
trends in the automotive industry. For example, the California Auto Tech Testing and Development Center
(CATDC) located in this area is designed to support the rapidly evolving automotive industry providing state of
the art testing and development.

According to Ellen Ray, application engineer for Comet Group Lab ONE in San Jose, “This area is teeming with
company names you recognize in the automotive industry and so many new companies working to bring the
next generation of vehicles to life.”

SUMMARY
There’s no doubt that technology is rapidly advancing in the automotive industry. The demand for self-driving
vehicles as well as a plethora of safety and driver-assist features mean the need for more sophisticated
components is on the rise. Inspection is critical but complicated. The right inspection tool can make the
di�erence between increased safety and productivity or failed parts and product recalls. When all is said and
done, it comes down to size, safety, and so�ware. The road to success for quality engineers lies in choosing the
right inspection tool, the right so�ware, and the right partner to guarantee safety and compliance in their
automotive applications.

Image source:  Yxlon International / Comet Group

Alex Geiger and Brandon Miller, sales managers electronics, YXLON. For more
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in Quality Control
Fracture Testing

WITH ADVANCES IN STANDARDIZATION AND

ANALYSIS SOFTWARE, IT CAN BE MORE RELIABLE

AND USER-FRIENDLY THAN EVER.

By Peter Bailey

Fracture toughness tests are technically demanding but form a crucial part of quality assurance for certain high
value products such as aerospace grade aluminum alloys. This article will discuss some of the reasons behind
that and how standardization and so�ware tools have evolved to make it more achievable and reliable.

Set Up for Fracture with CT Specimen

WHY IS IT DONE?
Aerospace design engineers prefer materials with high strength-to-weight ratios, in which mechanical behavior
is very sti� and highly stable almost all the way to failure strength. Your high school definition of a metal includes
“ductile behavior,” but many high-strength alloys can actually fail in a very brittle manner if a crack is already
present. So, in addition to large safety margins, a key part of the philosophy is defect tolerance – i.e. a minor
crack must not be able to grow dangerously before being identified by routine inspections.

Fatigue performance governs how these defects can develop, while the fracture toughness of the material
determines how their size will impact the overall strength of a component. Basic properties, such as tensile
strength, are far less sensitive to material microstructure and processing, so cannot give adequate quality
assurance by themselves.

A fracture toughness measurement provides high sensitivity to all contributing factors, but importantly a single
output parameter giving a clear quality metric.  For most common structural materials in aerospace, the
parameter KIc (“K one C” critical stress intensity) is typically used and batch testing of aluminum and titanium
products has been well-established for some decades. Usually, the ASTM E399 standard method for linear elastic
fracture toughness is applied, sometimes in conjunction with ASTM B647 for a specific protocol on aluminum
product testing.

WHAT IS THE TEST?
The main test is breaking a notched specimen in tension – seemingly straightforward, but this is not equivalent to
impact toughness tests (Charpy or Izod) routinely carried out using a basic machined specimen. In order to get
an accurate value, the notch must be “sharp” right down to the atomistic level! This is achieved by fatigue pre-
cracking, that is to say applying a cyclic force for many thousands of cycles, which will grow a crack into the
specimen, from the tip of the machined notch. Data from this process must also be recorded as it will be used
later on in the analysis.

A�er the test, the calculation of a fracture toughness value (KIc is typically given in MPa√m or ksi√in) requires
inputs of a physical measurement of the crack front before fracture, and determination of key characteristics on
the force vs. extension plot. An equally significant part of the post-test data processing is to perform a number of
calculations to confirm the validity of the measurement.

Aluminum CT Fracture Specimen

INTERNATIONAL TEST STANDARDS
Standardization exists with the purpose of ensuring accurate, repeatable and reproducible results, fracture
toughness goes beyond the common expectations of rigorous calibration and basic “hygiene factors.” ASTM E399
uses a stringent set of checks (17 di�erent criteria in the 2020 edition) which must be met to qualify the test result
as “valid.” These determinations will seem quite convoluted and obscure to many users – e.g., relationships
between tensile mechanical properties and specimen dimensions; restrictions on how to grow the fatigue pre-
crack – but their job is to ensure a fair test, due to the sensitivity to material microstructure and stress state.

As quality operations seek to be ever leaner, that brings greater need for e�ectively interchangeable use of
di�erent test laboratories – i.e., reproducibility as distinct from repeatability by the same lab – reducing the need
for each organization to perform its own verification tests. The standard requirements may sound watertight
already, but their core methods depended on graphical analysis – originally using pencil and ruler with the plot
from a chart recorder. Unfortunately, that means that two analysts (human or computer) can still get a di�erent
final result from the same raw data. The standardization community is increasingly aware of this vulnerability, so
test standards are gradually becoming more prescriptive, introducing quality metrics for data and sometimes
formalized algorithms.

Fractured Aluminum CT Specimen Fractured Steel CT Specimen

PROPRIETARY SOFTWARE
Modern test and analysis so�ware can streamline the whole process considerably, but also make it more robust
and secure for traceability and audit-worthiness. Historically, materials testing so�ware was generally aimed at
expert users, who wanted access to all aspects of test control and data acquisition, and then took the raw data
away. In modern times, that simply does not meet the needs of a quality control environment with high value
data. The latest fracture mechanics so�ware packages provide options for secure, predetermined methods, with
clear, guided workflows for less expert operators.     

Obviously, a consistent analysis setup will improve repeatability, but the latest so�ware should also be
implementing standardized algorithms such as ASTM E3076, which is recommended by E399. They should also
make light work of determining all the validity checks and producing full reports as recommended by the
standard. As most quality control laboratories today utilize some form of data management system, it is also
increasingly possible to automate the transfer of data, for example importing specimen pedigree information
and dimensional measurements from machining and exporting results and equipment traceability data back to
the database.

Overall, this critical area of advanced quality control is here to stay but advances in standardization and analysis
so�ware mean that it can be more reliable and user-friendly than ever.

Image source: Instron

Dr. Peter Bailey is an applications specialist and principal scientist at Instron Dynamic Systems. An
experimental materials scientist focusing on advanced mechanical testing and characterization
techniques, he works on all types of material analysis, including high temperature metals. His
background includes considerable experience in polymers and composites research and a variety of
production and quality control methods for thermoplastics and thermosets. For more information,
call +44 7880 187716 or email peter_bailey@instron.com.

NOVEMBER 2021  |  VOLUME 60  |  NUMBER 11    

mailto:peter_bailey@instron.com?Subject=Quality%20Magazine


https://www.assemblymag.com/the-assembly-show/?utm_medium=digital


Directory Premium
Sponsorships

Below Are The Premium Listings From Our Directories.
For The Complete List Of Companies And Products In Our 

Buyers Guide And NDT Sourcebook, Go To

WWW.QUALITYMAG.COM/DIRECTORIES

NOVEMBER 2021  |  VOLUME 60  |  NUMBER 11

https://www.qualitymag.com/directories


Buyers Guide Premium 
Sponsorships

Accurate Technology (ProScale)

1270 Rutledge Rd., Unit E

Fletcher, NC 28732-9399

(800) 233-0580

sales@proscale.com

www.proscale.com

**To see all product photos, downloads, and more!**

QC gage manufacturer for measurement of big products. Since 1989, we have made simple encoder and 

complete turnkey solutions for measuring tubes, extrusions, shafts, sheets, panel goods, sheets, tiles, and 

much more. Ranges up to 30 feet, accuracy to +/-.002 inches. We also manufacture linear encoders for 

thousands of applications.

**Product Categories**

Automatic Gaging & Sorting Systems

Dimensional Measurement Equip.

Encoders

Gages, Electronic

Gages, Handheld, Dimensional, Fixed & Variable

Gages, Height

Gages, Length of Travel

Measuring Machines

Noncontact Measurement Equip.

Readout Devices, Digital

Readout Devices, Digital

Sensors, Capacitive

Sensors, Inductive

Stages, Coordinate Measuring Equip.

Transducers, Linear Displacement

Turnkey Gaging Systems

Video Inspection Systems
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Arcadia Aerospace Industries

28000 Airport Rd., A-11 27256 Mooney Ave., Bldg. 110

Punta Gorda, FL 33982

(800) 370-2821

info@arcadiaaerospace.com

www.arcadiaaerospace.com

**To see all product photos, downloads, and more!**

AAI utilizes proprietary technology and extensive aerospace expertise to provide industry leaders with 

cost and rate sensitive solutions to advanced metal and composite material challenges in inspection, 

engineering, measurement and special process manufacturing.

**Product Categories**

Calibration Services, Materials Test Equipment

Immersion Tanks

Materials Testing Services / Labs

NDT Lab Services

NDT Scanners

Phased Array Ultrasonic Imaging

Robotic Inspection Systems

Ultrasonic Test Equipment, Inspection System

Click Here
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Cimetrix Ltd.

1021 S.W. Klickitat Way, Ste. 102

Seattle, WA 98134-1100

(206) 340-5995

sales@leebhardnesstesters.com

www.leebhardnesstesters.com

www.cimetrixltd.com

**To see all product photos, downloads, and more!**

CIMETRIX Ltd has been in business since 1996. We sell and support portable hardness testers only. 

Being very focused on this market we provide the best support and service and expertise. Our business 

model is too provide the lowest prices and best value, sold through our website, 

leebhardnesstesters.com

Product Categories:

Hardness Test, Portable

Hardness Test, Ultrasonic

Ultrasonic Test Equipment, Portable

Click Here
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Fowler Precision

66 Rowe St.

Newton, MA 02466

(800) 788-2353 x325

donp@fowlerprecision.com

www.fowlerprecision.com

**To see all product photos, downloads, and more!**

Now in our 74th year FowlerPrecision Tools is globally recognized as one of today's leading suppliers of 

high quality inspection, leveling, quality control and calibration equipment.Since 1946, we have been 

dedicated to supplying the most innovative products available anywhere in the world. 

**Product Categories**

Analog Indicators

CMM Programming/Simulation

Calibration Equip., Mechanical

Calipers

Cameras

Coordinate Measuring Machines (CMM), CNC/DNC

Coordinate Measuring Machines (CMM), Calibration Services

Coordinate Measuring Machines (CMM), Cylindrical

Coordinate Measuring Machines (CMM), Manual

Coordinate Measuring Machines (CMM), Portable

Coordinate Measuring Machines (CMM), Probes & Styli

Data Collection Equipment

Dimensional Measurement Equip.

Durometers

Electronic Levels

Electronic Test & Analysis

Electronic Test Instruments

Fixtures, CMM

Fixtures, Gaging

Gage Blocks

Gage Calibration/Management

Gage Masters

Gage Stands

Gages, Air ID Measurement

Gages, Air OD Measurement

Gages, Angle Measurement

Gages, Bore

Gages, Chamfer

Gages, Depth

Gages, Dial Indicator

Gages, Dial Indicator Snap

Gages, Electronic

Gages, Electronic ID Measurement

Gages, Electronic OD Measurement

Gages, Electronic Snap

Gages, Handheld, Dimensional, Fixed & Variable

Gages, Height

Gages, Pin

Gages, Plug & Ring, Cylindrical

Gages, Plug & Ring, Thread

Gages, Thread

Gaging Accessories

Indicators, Dial, Contact Points

Indicators, Mechanical Dial & Electronic

Levels

Micrometers

Micrometers, Bench

Micrometers, Thread

Microscopes, Stereo

MultiSensor Measuring Machines

Noncontact Measurement Equip.

Optical Comparators

Optical Comparators, Accessories

Optical Measurement Equip.

Parallels

Probes, CMM

Process Control Equip.

Protractors, Bevel

Readout Devices, Analog

Readout Devices, Digital

Readout Devices, Digital

SPC/SQC & Statistical Analysis

Scanners, 3D Scanning Equip.

Scanners, Laser Scanners

Scribers

Sine Bars

Smart Cameras

Squares

Stages, Coordinate Measuring Equip.

Straight Edges

Surface Analysis Equip.

Surface Contour & Pro�le

Surface Finish & Texture

Surface Finish Equip., Averaging

Surface Finish Equip., Pro�ling

Surface Texture Comparison Blocks

Tapes / Rules, Measuring

Turnkey Gaging Systems

V-Blocks, Straight Edge

Vision Inspection Systems

Vision Systems

Wires, Thread Measuring
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Buyers Guide Premium 
Sponsorships

Hoto Instruments

3100 Dundee Rd., Ste. 707

Northbrook, IL 60062

(847) 564-2260

info@hoto-instruments.com

www.hoto-instruments.com

**To see all product photos, downloads, and more!**

Hoto Instruments offers durometers and manual or motorized constant load stands, digital torque 

screwdrivers and wrenches, torque testers and checkers for manual torque wrenches, electric drivers 

and impact tools, LED stroboscopes, digital tachometers and speed meters. Hoto Instruments is ISO 

9001certi�ed and ISO/IEC 17025 accredited with a knowledgeable sales/engineering staff. 

**Product Categories**

Creep Testers

Durometers

Encoders

Hardness Testers

Indicators, Speed

Stands, Test

Stroboscope Equipment

Torque Calibration Equipment

Torque Measuring Equipment

Torque Tools

Ultraviolet (UV) Equipment
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Buyers Guide Premium 
Sponsorships

Imada Inc.

3100 Dundee Rd., Ste. 707

Northbrook, IL 60062

(800) 373-9989

imada@imada.com

www.imada.com

**To see all product photos, downloads, and more!**

Imada, Inc. specializes in mechanical and digital force gauges, manual and motorized test stands, digital 

torque screwdrivers, wrenches, torque testers and LED stroboscopes. Backed by our customer service 

plan: Knowledgeable, experienced sales/engineering staff;Custom applications; Fast delivery ; Fast 

calibration/repair.  ISO 9001 registered and ISO/IEC 17025accredited.

**Product Categories**

Adhesion & Bond Strength Testers

Bond Testers

Cable Testers

Calibration Equip., Force

Compression Testers

Creep Testers

Durometers

Friction Testers

Gages, Force

Hardness Testers

Indicators, Speed

Materials Test Equipment

Meters, Tension

Nondestructive Test (NDT) Equipment

Plastics Test Equipment

Shear Testers

Spring Testers

Stands, Test

Stroboscope Equipment

Tensile Testers

Torque Calibration Equipment

Torque Measuring Equipment

Torque Tools

Universal Testing Machines

Wire Crimp Pull Tester
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Buyers Guide Premium 
Sponsorships

Ledford Gage Lab Inc.

P.O. Box 100 227 Industrial Dr.

Mulvane, KS 67110-0100

(316) 777-9300

sales@ledfordgage.com

www.ledfordgage.com

**To see all product photos, downloads, and more!**

Ledford Gage Lab Inc.  sells and calibrates precision tools and measurement equipment. One of the 

country's largest independent dimensional calibration labs, we can provide accredited, long form NIST 

traceable calibration reports for precision tools, gage blocks, thread and cylindrical gages, torque and 

force equipment. 

**Product Categories**

Calibration Labs

Dead Weight Tester Calibration

Dimensional Inspection Services

Dimensional Measurement Equipment Calibration

Durometer Calibration

Force Calibration

Gage Block Calibration

Hand Gage Calibration

Hardness Tester Calibration

Mechanical Testing Services

Metrology Services

Repair Services

Surface Plate Calibration

Thread Inspection Services

Torque Calibration
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Buyers Guide Premium 
Sponsorships

LK Metrology Inc.

29550 W.K. Smith Dr., Unit B

New Hudson, MI 48165

United States

Phone: (810) 263-6100

Fax: (810) 263-6101

sales.us@lkmetrology.com

www.lkmetrology.com

**To see all product photos, downloads, and more!**

LK Metrology is a global manufacturer of dimensional metrology solutions. These include coordinate 

measuring machines, multi-sensor systems, laser scanners, portable arms and software for varying needs 

of manufacturers, both today and in the future.

Product Categories:

MEASUREMENT EQUIPMENT

 Coordinate Measuring Machines (CMM), CNC/DNC

 Coordinate Measuring Machines (CMM), Calibration Services

CALIBRATION SERVICES, CMM Calibration

TESTING / INSPECTION / MEASUREMENT SERVICES, CMM Inspection Services

SOFTWARE, DMIS/Computer & CAD Based Inspection
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Buyers Guide Premium 
Sponsorships

Mark-10 Corp.

11 Dixon Ave.

Copiague, NY 11726

(631) 842-9200

info@mark-10.com

www.mark-10.com

**To see all product photos, downloads, and more!**

Mark-10 engineers and manufacturesforce and torque measuring gauges, systems, and accessories. 

From peel testingto tensile testing, from spring testing to weld strength testing, we helpQuality Control 

and R&D professionals around the globe assess and ensureproduct quality. Our products are made in 

the USA, and are covered by a 3-yearwarranty with free lifetime support.   

**Product Categories**

Adhesion & Bond Strength Testers

Bond Testers

Calibration Equip., Force

Calibration Labs

Compression Testers

Creep Testers

Dynamometers

Flexure Testers

Friction Testers

Gage Repair

Gages, Force

Gages, Strain

Indicators, Torque

Load Cells

Materials Test Equipment

Meters, Tension

Nondestructive Test (NDT) Equipment

Plastics Test Equipment

Repair Services

Shear Testers

Spring Testers

Stands, Test

Stiffness Testers

Tear Testers

Tensile Testers

Torque Calibration Equipment

Torque Measuring Equipment

Torque Tools

Torsion Testers

Transducers, Torque

Universal Testing Machines

Wire Crimp Pull Tester
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Buyers Guide Premium 
Sponsorships

MARPOSS

3300 Cross Creek Pkwy.

Auburn Hills, MI 48326

(248) 364-2718

marposs@us.marposs.com

www.marposs.com

**To see all product photos, downloads, and more!**

Marposs is a leading global supplier of precision metrology equipment for improving productivity and 

reducing cost in manufacturing. Our shop-�oor solutions include manual and automatic gages, 

compensation systems; touch probes, laser tool setters; sensors; hardware & software for data collection 

& analysis; NDT systems and Machine MonitoringSolutions (MMS).

**Product Categories**

Analog Indicators

Automatic Gaging & Sorting Systems

CMM Programming/Simulation

Coordinate Measuring Machines (CMM), Probes & Styli

Detectors, Broken Tool

Dimensional Measurement Equip.

Eddy Current Test Systems & Equipment

Fixtures, Gaging

Gage Calibration/Management

Gage Masters

Gage R&R

Gage Repeatability

Gages, Air ID Measurement

Gages, Air OD Measurement

Gages, Angle Measurement

Gages, Automatic Size Control

Gages, Bore

Gages, Chamfer

Gages, Depth

Gages, Dial Indicator

Gages, Dial Indicator Snap

Gages, Electronic

Gages, Electronic Column

Gages, Electronic ID Measurement

Gages, Electronic OD Measurement

Gages, Electronic Snap

Gages, Fixed Limit (Go/No-Go)

Gages, Fixed Limit Plug

Gages, Fixed Limit Ring

Gages, Fixed Limit Thread

Gages, Fixture & Special Tooling

Gages, Flatness

Gages, Flush

Gages, Gear

Gages, Geometry

Gages, Handheld, Dimensional, Fixed & Variable

Gages, Height

Gages, In-Process

Gages, Plug & Ring, Cylindrical

Gages, Plug & Ring, Thread

Gages, Spline

Gages, Thickness, Electronic

Gages, Thread, Indicating

Gear Inspection System

Gear Measurement Equip.

Geometric Dimensioning & Tolerancing (GD&T)

Geometry Measurement Equip.

Indicators, Dial, Contact Points

Indicators, Mechanical Dial & Electronic

Laser-Based Measurement Equip.

Leak Detection Equipment

MultiSensor Measuring Machines

Noncontact Measurement Equip.

Nondestructive Test (NDT) Equipment

Optical Measurement Equip.

Probes, Touch-Trigger

Process Control Equip.

Readout Devices, Digital

Roundness/Cylindricity Measurement Equip.

SPC/SQC & Statistical Analysis

Surface Analysis Equip.

Transducers, Linear Displacement

Turnkey Gaging Systems
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Buyers Guide Premium 
Sponsorships

North Star Imaging Inc. - An ITW Co.

19875 S. Diamond Lake Rd.

Rogers, MN 55374

(866) 718-2471

sales@4nsi.com

www.4nsi.com

**To see all product photos, downloads, and more!**

North Star Imaging, an ITW company, manufactures, sells and services state-of-the-art industrial X-ray 

Imaging & ComputedTomography equipment & designs and develops software applications for its 

systems. NSI has a standard range of systems. Other services include as-neededInspection Services, 

Technical Service and NDT training. NSI is ISO certi�ed.

Product Categories

3-D Measurement Services & Imaging

Computed Tomographic Systems

Materials Analysis Equipment

NDT Certi�cation

NDT Equipment Repair

NDT Lab Services

NDT Labs

NDT Scanners

NDT Training

Robotic Inspection Systems

Training, Radiography

X-Ray Machine

X-Ray, Digital

X-Ray, Inspection Services

X-Ray, Inspection Systems

X-Ray, Tomography
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Buyers Guide Premium 
Sponsorships

Q-Mark Manufacturing Inc.

30051 Comercio

Rancho Santa Margarita, CA 92688-2106

(949) 457-1913

sales@cmms.com

www.cmms.com

**To see all product photos, downloads, and more!**

SAME-DAY STYLI  Q-Mark Manufacturing Inc. offers same-day and overnight shipping on machine tool 

& CMM probe styli. Proudly made in theUSA and unconditionally guaranteed since 1992. The Q in Q-

Mark stands for quality. We are ISO 9001:2015 certi�ed. Order online at qmarkdirect.com.

**Product Categories**

Ceramics, Metrology

Coordinate Measuring Machines (CMM), Probes & Styli

Probes, CMM
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Buyers Guide Premium 
Sponsorships

SigmaXL Inc.

305 King St. W., Ste. 503

Kitchener, ON N2G 1B9

(888) 744-6295

sales@sigmaxl.com

www.sigmaxl.com

**To see all product photos, downloads, and more!**

Established in 1998, SigmaXL Inc. isa leading provider of user friendly Excel Add-ins for Lean Six Sigma 

graphical and statistical tools and Monte Carlo simulation. SigmaXL has over 100,000users in more than 

180 countries. Customers include market leaders like DHL,FedEx, Hanes, Motorola, NASA, Shell, Sonoco, 

Southwest Airlines and TysonFoods. SigmaXL software is also used by numerous colleges, universities, 

and government agencies.  

**Product Categories**

Analysis/DOE

CMM Programming/Simulation

Failure Mode & Effects Analysis (FMEA)

Gage R&R

Gage Repeatability

Graphics

Other Software Applications

Process Control

Quality Function Development (QFD)

Regression Analysis

SPC/SQC & Statistical Analysis

Six Sigma

Total Quality Management

Training
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Buyers Guide Premium 
Sponsorships

Statgraphics Technologies Inc.

P.O. Box 134

The Plains, VA 20198

(800) 232-7828

info@statgraphics.com

www.statgraphics.com

**To see all product photos, downloads, and more!**

Step up to the next level of point-and-click data visualization, statistical analysis, data modeling and 

predictive analytics with the new STATGRAPHICS 18 data solutions software. A comprehensive program 

featuring over 260 analysis procedures, 28 dynamic visualization Statlets, big data capacity, Monte Carlo 

simulation and integrated guidance and interpretation. Perform sophisticated statistical procedures 

minus the learning curve and expense other programs demand.

**Product Categories**

Analysis/DOE

Capability Studies & Statistical Analysis, Gage R&R

Capability Studies & Statistical Analysis, PPAP

Capability Studies & Statistical Analysis, SPC

Data Collection & Mining

Gage R&R

Gage Repeatability

Graphics

Lean Manufacturing

Manuals, Training

Process Control

Process Control

Quality Management Services

Quality Management Systems

Regression Analysis

SPC/SQC & Statistical Analysis

Six Sigma

Six Sigma

Statistical Process Control

Training

Training & Consulting Services
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Buyers Guide Premium 
Sponsorships

Webster Instrument Inc.

11856 Mississippi Ave.

Los Angeles, CA 90025-6115

(310) 479-6770

www.websterinstrument.com

**To see all product photos, downloads, and more!**

Since 1932, Webster Instrument, Inc.has manufactured portable WEBSTER Hardness Testers to support 

a variety of quality control applications.  We currently produce three models of our hardness tester to 

accommodate different material types and sizes.  Our extremely experienced staff has specialized in the 

production, calibration, repair and support of our testers for over 85 years. All of our products are 

manufactured and assembled in the U.S.A. from domestically sourced materials.

**Product Categories**

Hardness Testers
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Buyers Guide Premium 
Sponsorships

Western Gage Corp.

3316-A Maya Linda

Camarillo, CA 93012-8059

(800) 423-5062

sales@westerngage.com

www.westerngage.com

**To see all product photos, downloads, and more!**

Western Gage Corporation, Manufacture of Dimensional Air & Electronic Gages, Custom Gages and 

Fixtures along withState of the Art Air Gage Readouts. Providing the industry with CustomProduction 

Gaging Solutions since 1968.

**Product Categories**

Dimensional Inspection Services

Gage Masters

Gage Repair

Gages, Air ID Measurement

Gages, Air OD Measurement

Gages, Air Snap

Gages, Angle Measurement

Gages, Fixed Limit (Go/No-Go)

Gages, Fixed Limit Plug

Gages, Fixed Limit Ring

Gages, Flatness

Gages, Plug & Ring, Cylindrical

ID/OD Measurement Services
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