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FROM THE EDITOR |  DARRYL SELAND

MEANINGFUL CONNECTION?

Serendipity
Serendipity. It is “the occurrence and development of events by chance in a happy or beneficial way.” So, a happy
coincidence, as I’ve heard it described. For me, it always had a little more meaning to it. Perhaps it was the
complexity of the word when I first heard it, but it always felt like more than just a coincidence. More like a
“meaningful connection.”

My full misunderstanding of a word aside, I always applied serendipity to hearing a song for the first time and
catching that meaningful lyric, or the emotion of a melody, that spoke to you in that very moment. That meshed
with exactly what you were feeling or experiencing. It’s happened to me a couple of times. I’m sure it has for
many others as well. The connection was so strong I felt compelled to buy the CD (back when they still had CDs),
if anything, to reward the artist(s) for creating the perfect song, in the perfect moment (at least from my
perspective).

I’m sure the same could be said for movies and television. In
fact, I’ve heard art and artists described in the vein of “An
artist's job is to captivate you for however long we've asked for
your attention,” which is a quote from a character on a
television show called The West Wing.

“An artist’s job is to captivate
you for however long we’ve

asked for your attention.”

Sticking with television, I actually started contemplating a subject for this column when I had convinced myself
my idea was not original, that I must have read it in someone else’s writings, or perhaps had already tackled the
subject myself in one of my previous columns. As I continued to mull my proposed subject, or find a new one, I
caught an episode of South Park. As his alter ego, Super Villain Professor Chaos, Butters spouts o� a series of
ways to exact his revenge on the small town that scorned him. As he does so, his sidekick, General Disarray,
informs him, “The Simpsons did it,” shooting down every one of the ideas of Professor Chaos, who is looking for
only an original idea. The end result of the episode is a determination that a show that has been on as long as The
Simpsons is bound to have explored a ton of ideas, making it okay if another were to explore a similar idea. One
of the other characters on the show actually points out that one of The Simpsons’ seminal Halloween episodes
was actually a parody of a Twilight Zone episode.

Having scene this episode of South Park, I decided to pursue my idea for this column. Serendipity? At least by my
definition. And I’m sure you and/or your company would like to create that connection with your clients and
customers. Have them thinking of a solution for their business and come across your marketing e�orts,
describing exactly the solution they need.

Quality hopes to provide you with that same sense of serendipity (well, my sense). So, check out everything 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

The Manufacturing Institute, the workforce development and education partner of the National Association of
Manufacturers, in partnership with Bexar County’s Department of Economic and Community Development and
O�ice of Criminal Justice Policy, Planning & Programs, will join four Texas manufacturers to establish a “second
chance” hiring pilot program aimed at increasing opportunities in the industry for workers with criminal records.

“This program is a pioneering step toward creating a stronger workforce and doing the right thing for the people
of San Antonio and the surrounding area,” said MI Executive Director Carolyn Lee. “Second chance hiring gives
businesses access to a talent pool in an o�en-overlooked population, and it gives more Americans a chance to
pursue high-paying, rewarding careers. Forma Automotive, Vutex, Toyoda Gosei and Toyotetsu Texas will
certainly be impressed by the caliber of employees they welcome into their ranks as part of this partnership. With
manufacturers confronting the skills gap and needing to fill millions of positions by the end of the decade, this
program is exactly the sort of initiative our industry and communities across the country need to take. The MI is
proud to partner with companies to improve second chance hiring strategies, thanks to a grant from the Charles
Koch Institute, and we look forward to expanding our work across the country.”

Without second chance opportunities, many in this sizable talent pool are excluded from the workforce,
needlessly leaving them on the sidelines as employers search for candidates who can fill the skills gap. The pilot
will begin with information sessions for the second chance population that will be led by the manufacturers and
supported by Workforce Solutions Alamo. The individuals who choose to apply and then are hired by the
companies will start with a week-long orientation that will give them an intro into manufacturing and provide
them with the community support to ensure their ability to be successful in their new roles.

Bexar County partners bring experience supporting second chance individuals with various services, including
through the county’s Reentry Council chaired by Bexar County Commissioner Tommy Calvert, who also hosts an
annual second chance hiring fair.

“Toyotetsu Texas initially began working with the justice-involved population in 2018, and we are excited to be
able to support other manufacturers in our community as they embark on this journey,” said Toyotetsu Assistant
Vice President of Administration Leslie Cantu. “I am confident the other industry partners involved in our second
chance hiring program will see positive results, just as we have for the past four years. I encourage other
companies that are experiencing hiring challenges to consider this recruitment strategy to support their business
needs. I think they will find this strategy is a ‘win-win’ for all involved, and it makes good business sense to tap
into this talent pool.”

For more information, visit www.themanufacturinginstitute.org.

San Antonio Pilot Program Launches for “Second Chance” Workers

cVerisurf So�ware, Inc. and ScanTech (Hangzhou) Co. Ltd. have formed a solution partnership to provide
comprehensive Dimensional Metrology solutions to customers worldwide.  Under the agreement, the popular
Verisurf Scanning and Reverse Engineering Suite is bundled with each ScanTech 3D scanner sold. The solution
bundle provides customers immediate access to high-quality scan data analysis for inspection, as well as
surfacing and solid modeling for reverse engineering workflows right out of the box.

"Verisurf is proud to be selected by ScanTech to provide our so�ware with their 3D scanners. Verisurf so�ware is
both powerful, easy to use, and built on a CAD platform. This gives customers practical options on how far they
want to take a project within Verisurf – from scanned point cloud data to finished intelligent solid model with
Model Based Definition (MBD) and Product Manufacturing Information (PMI), or anywhere in between. This is
made possible by our commitment to hardware and so�ware compatibility," said Ernie Husted, president & CEO
of Verisurf

"This partnership with Verisurf is an exciting new development for us as it complements our high-quality
scanners with powerful so�ware that customers around the world are already using for applications ranging
from aerospace to automotive, medical, and more," said Oscar Mesa, chief commercial o�icer of ScanTech.

"In addition to so�ware quality and capabilities, education was a big factor in our selecting Verisurf. Whether you
are just getting started with 3D scanning, inspection and reverse engineering or getting your team up to speed on
specific workflows and so�ware training, Verisurf has excellent onsite customer training, classroom options, and
even a comprehensive distance learning program" added Mesa.

Verisurf and ScanTech application engineers and tech support teams are working side-by-side to demonstrate 3D
measurement and reverse engineering solutions and to provide introductory training to both customers and
resellers.

For more information, visit https://www.verisurf.com.

Verisurf Selected by ScanTech for Solution Software

As manufacturers continue to navigate the coronavirus pandemic, the Sikich Industry Pulse: Manufacturing and
Distribution also found an increase in optimism among executives. More than 80% of respondents rated their
optimism on business prospects over the next six months a seven or higher on a scale of 10, an increase from the
survey Sikich conducted in March.

The increase in optimism comes amid continued supply chain challenges. Just under 50% of respondents
reported being impacted by the global chip shortage. At the same time, manufacturers are making changes to
alleviate supply chain interruptions – 34% of respondents are manufacturing more products or components in
the U.S. and 18% are sourcing purchased materials from new countries.

“The pandemic’s impact on manufacturing supply chains continues to be felt, creating challenges and
opportunities,” said Jerry Murphy, partner-in-charge of Sikich’s manufacturing and distribution team.
“Manufacturers should use these persistent challenges to take fresh looks at all aspects of their supply chain
strategies, from raw materials and suppliers to technology solutions.”

Though a quarter of manufacturers surveyed said they are considering purchasing a competitor in the next 12
months, companies are also eyeing organic growth in the year ahead. The report found that 56% of companies
plan to increase their digital marketing e�orts. For example:

64% of respondents are investing in website upgrades.

49% of respondents are investing in social media marketing.

37% of respondents are investing in search engine optimization.

“The pandemic has forced manufacturers and distributors to look beyond traditional sales channels, such as
trade shows and face-to-face meetings,” said Cameron Petro�, senior managing director of The Agency at Sikich.
“An embrace of digital channels can help manufacturers broaden the reach of their marketing messages, reach
new customers e�iciently and continue to engage existing customers.”

Manufacturers and distributors are still competing in a war for talent, according to the report. On the shop floor,
companies are o�ering wages and benefits well over minimum wage, with more than half of survey respondents
(55%) o�ering total compensation packages between $40,000 and $60,000. Further, 12% of respondents o�er
compensation packages between $60,000 and $70,000, and 10% o�er packages of $70,000 or higher.

“In addition to total compensation packages, employers can o�er some low or no-cost benefits to stand out
further in this competitive labor market,” said Dave McKeon, managing director of Sikich’s human capital
management and payroll advisory team. “Some examples include childcare referral services, vendor discounts,
free company branded apparel, and low-cost supplemental programs like pet insurance or spousal life
insurance.”

For more information, visit https://www.sikich.com/2021-industry-pulse-results-q2/.

While a slight majority (51%) of manufacturers
encourage their employees to get a COVID-19 vaccine,
only 2% said they require vaccinations and only 8%
said they are incentivizing employees to get
vaccinated, according to a new industry report from
Sikich.

Source: daboost / iStock / Getty Images
Plus

Manufacturers Encourage
COVID-19 Vaccinations But Stop
Short of Mandates, Report Finds
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FACE OF QUALITY |  JIM L. SMITH

FAILURE CAN PROVIDE THE SEEDS FOR SUCCESS.

Productive Failures
Most people have been taught to believe that all failure is negative. Quite o�en, however, disappointing results
can provide the greatest opportunities for success.

There are many dimensions to the quality profession, but the aspect that I’ve enjoyed the most has been working
on continuous process improvement, product improvement, and breakthrough improvement.

As a quality professional, I have been privileged to work alongside brilliant innovators. From those associations I
learned that people who take risks fully understand the value in making mistakes. These are the ones who most
o�en accomplish dramatic quality improvements. They leverage their knowledge from past mistakes and try new
things to deliver results.

Consider Thomas Edison, one of history’s great inventors with claim to 1,093 patents. He failed repeatedly on his
journey to create a successful incandescent lightbulb. Edison concluded, “I have not failed. I’ve just found 10,000
ways that won’t work.” His failures to find the right combination of elements provided seeds to eventual success.

Certainly, mistakes and negative results are never fun. They are
disturbing or even crushing, but they should never become
demoralizing. What successful people realize is that negative
results are signaling that something di�erent needs to be done.

Success makes us feel
good, but mistakes teach

us valuable lessons.

As Edison et al realized, failure can be a blessing in disguise. If you can overcome the frustration, you might be on
the path to a breakthrough. You may or may not achieve success quickly, but you have another chance.

It is easier to understand the concept of productive mistakes when the situation is reversed. Take a situation
where you start a project, develop a plan, and execute it - things go well, and the project is successful. In this
situation, your assumptions were correct, you most likely took the standard approach to completing tasks and
did a good job managing the project.

While concluding a successful project is something to feel good about, there may have been a missed opportunity
for breakthrough improvements. Was it your objective to simply get the job done, or to take some risks that could
take the business to a new level?

In a productive failure, you do not achieve your objective, but you come away with new knowledge that will
increase your chances of future success. A non-productive success occurs when you achieve your objective, but
you are not sure what you did right. You can build on productive failures. You can’t build on non-productive
failures.

The more actions you take, the more productive failures you will experience. Years ago, while leading a
continuous improvement e�ort the team adopted the slogan, “Become more successful by increasing our failure
rate.” The more productive failures experienced, the more you’ll learn. Remember that Edison experienced a
multitude of productive failures before finding the right filament for his incandescent light.

Success makes us feel good, but mistakes teach us valuable lessons. Individuals good at making quality
improvements are willing to try nonstandard approaches to problems, understanding full well that they may not
work. When they do not work, they understand the things they learned will empower them to deliver greater
results in the long run. A project that has a good result is a one-time event, but the valuable lessons learned from
a productive failure can provide insights that last a lifetime.

People who struggle to achieve their objectives or successfully complete a project may be forced to do some
things di�erently. This struggle, if handled positively, will o�en be a blessing in the long term.

Doing things di�erently is hard work and can be frustrating. At the same time, those e�orts are what gives
businesses strategic advantages. Years ago, an inventor friend taught me to adopt a new line of thinking about
failures. When bad things happen, first think, “Darn, that is really disappointing.” Then quickly think, “How can I
turn this into something useful?”

For example, consider the invention of sticky notes. Dr. Spencer Silver, a 3M chemist, failed to invent a super-
strong adhesive, but instead he came up with a super-weak one. A failure looking for an application that was not
apparent until years later! Dr. Spencer turned failure into success.

Consider how you can adjust your mindset. Most likely you will not become another Edison, but you can discover
ways to be more productive.

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.

CONTACT
JIM
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OTHER DIMENSIONS |  HILL COX

NOT ALL PARTIES TO A DISPUTE UNDERSTAND THE IMPORTANCE
OF UNCERTAINTY BUDGETS.

Settling Measurement Disputes

Settling measurement disputes should be an easy matter since they are all about numbers, but unfortunately it
doesn’t work out that way. One party swears their numbers are more precise than the other party’s numbers so
there’s nothing to argue about. While that may appear to be the case, it is not always so and too o�en the party
making that claim can’t back it up with anything other than the fact they used an expensive device that reads to
millionths compared to the other party’s less than spectacular measuring device.

One attempt at proving their expensive device is better brings forth claims that it can repeat its readings to a very
fine degree but, as every dimensional metrologist will tell you, repeatability is an important characteristic, but it
is not a reliable indicator of the device’s precision. The same applies to resolution. The fact that the device can be
read to a very small amount is not an indicator of how precise it is.

Instrument makers are aware of these facts of life and some actually give values in their literature to advise
potential users of performance. For example, I opened a supplier catalogue at random and ended up in their
section on laser-based devices. On one model, it showed selectable resolution to as little as two millionths of an
inch, repeatability at 30 and linearity at 100.

All of this becomes academic when you consider that
a variety of other factors are part of the
measurement process that directly a�ect how
precise a given measurement will be. So, the
question becomes: How do you process all of these
factors to come up with a number you can rely on?
The answer is a measurement uncertainty budget.

How do you process all of these
factors to come up with a

number you can rely on? The
answer is a measurement

uncertainty budget.

An uncertainty budget takes into account all of the factors involved in a measurement such as instrument
calibration, temperature, etc. and computes them to a common denominator so you can see what the e�ects of
the major factors are and arrives at an overall value for uncertainty for the process.

Before comparing the actual uncertainty budgets, you should review them to ensure all of the elements critical
to the measurement have been included and any assumptions are realistic. If both pass this review, you are in a
position to compare them since they are unlikely to be the same final values. Sometimes a look at where
everyone’s numbers fall indicate it’s not worth having a discussion let alone an argument over them.

Not all parties to a dispute understand or agree with the importance of uncertainty budgets so alternatives have
to be considered to avoid all-out war. If both parties can agree on a referee lab to do the measurements that can
be a reasonable way to reach a truce. An agreement should be reached as to how the referee’s uncertainty will be
applied before the process begins. The party whose readings are closest to the referee lab readings is the
declared winner with the losing party paying the cost of the work.         

You could send the item(s) in question to a number of commercial labs, which have similar uncertainty values for
the measurement you are concerned about and average out the readings to determine a reference value. Make
sure the labs you choose are accredited to ISO 17025 or similar standard and their scope includes the
measurement you are a�er. This will cost more than using a single referee lab, but is better than using only one
set of readings. To get the best possible answer, you have to go to the top of the metrology pyramid for a more
precise answer.

The top of the metrology pyramid is occupied by NIST. You should send details of the measurement(s) to be made
before sending anything to them. They will advise if they are able to do so and what the cost will be. The
advantage of doing this is that NIST is the legal authority on measurements in the United States and recognized
for their technical expertise by countries around the world. Their word is final so there should be no further
arguments. The party with readings closest to NIST’s readings wins the dispute and the losing party pays the bill.
While costly, the price of NIST doing the work will be a lot less than a couple lawyers racking up the hours in a
courtroom.

Of course, if NIST’s readings indicate both parties to a dispute are out to lunch, everyone will have to leave the
battlefield and go back to the drawing board.

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). CONTACT HILL
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SPEAKING OF QUALITY |  JIM SPICHIGER

MY MORAL COMPASS HAS GUIDED ME WELL.

Code of Ethics
One day in second grade, I was at school waiting in line when a third grader walked past wearing a Cub Scout
uniform. What caught my attention was a pocketknife dandling from a brass clip on his belt. Wow! What seven-
year-old boy wouldn’t want a pocketknife?  So I joined Cub Scouts as soon as I was able. I vividly recall shopping
with my mother for a uniform; she bought me a blue shirt, blue slacks, a blue cap, a yellow neckerchief with a
neckerchief slide, and most importantly a belt with that brass clip. However, even though I explained that a
pocketknife was essential, I le� the store as the saddest scout ever.

What followed was ten years of scouting. I eventually got a pocketknife but I stayed in scouting because it was
fun. Along the way I learned a lot of skills (knot tying, how to build a fire, etc.) but more importantly the scout
oath and law helped me develop my personal core values. Core values define a person’s or organization’s identity
and help with their decision-making process; these values are the essence of who I am and how I act. My moral
compass has guided me well and it is a key reason I am where I am today. Development of my core values began
during my youth but has been honed through my thirty plus years as an ASQ member.

ASQ helps quality professionals advance their knowledge and careers through publications, conferences,
education courses, and certifications. It is a professional society composed of members located throughout the
world who are bound together through ASQ’s Code of Ethics: its core values. The purpose of the Code of Ethics is
to establish global standards of conduct and behavior for its members, certification holders, and anyone else
who may represent or be perceived to represent ASQ. ASQ requires its representatives to be honest and
transparent; avoid conflicts of interest and plagiarism; do not harm others; treat them with respect, dignity, and
fairness; be professional and socially responsible; and advance the role and perception of the quality
professional.

Whether a company is in a regulated industry or not, they and their
employees will undoubtedly face ethical dilemmas.

Expectations of a quality professional are as follows:

1. Act With Integrity And Honesty

Strive to uphold and advance the integrity, honor, and dignity of the quality profession.

Be truthful and transparent in all professional interactions and activities.

Execute professional responsibilities and make decisions in an objective, factual, and fully informed
manner.

Accurately represent and do not mislead others regarding professional qualifications, including
education, titles, a�iliations, and certifications.

O�er services, provide advice, and undertake assignments only in your areas of competence, expertise,
and training.

2. Demonstrate Responsibility, Respect, And Fairness

Hold paramount the safety, health, and welfare of individuals, the public, and the environment.

Avoid conduct that unjustly harms or threatens the reputation of the society, its members, or the quality
profession.

Do not intentionally cause harm to others through words or deeds. Treat others fairly, courteously, with
dignity, and without prejudice or discrimination.

Act and conduct business in a professional and socially responsible manner.

Allow diversity in the opinions and personal lives of others.

3. Safeguard Proprietary Information And Avoid Con�icts Of Interest

Ensure the protection and integrity of confidential information.

Do not use confidential information for personal gain.

Fully disclose and avoid any real or perceived conflicts of interest that could reasonably impair
objectivity or independence in the service of clients, customers, employers, or the society.

Give credit where it is due.

Do not plagiarize. Do not use the intellectual property of others without permission. Document the
permission as it is obtained.

ASQ takes its Code of Ethics seriously. Many of ASQ’s certifications include ethics within their body of knowledge.
Violations to the Code of Ethics should be reported to the ASQ Professional Ethics and Qualifications Committee;
disciplinary action, including revocation of certifications and expulsion from the society, may result.

Whether a company is in a regulated industry or not, they and their employees will undoubtedly face ethical
dilemmas. Therefore, it is advisable that there be a code of conduct to provide guidelines when making decisions.
A code of conduct defines desired behaviors and thus will help mitigate risk, better ensure compliance and set
personal conduct.

Scouting developed my core values and now ASQ and my employer’s code of ethics guide me through my
professional career. Hopefully you have been as fortunate as I.

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

Jim Spichiger is a Lean Six Sigma Master Black with over 35 years of experience in quality. He is the past chair of
the ASQ Inspection Division and a long-time ASQ member leader.  
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QUALITY 101

I Think I Need AI!

What is AI?
FOR MOST MANUFACTURERS EVALUATING AI,
THEIR KEY CONCERNS FOCUS ON THE COST

AND COMPLEXITY OF DESIGN AND
DEPLOYMENT.   

By Ed Goffin

Manufacturers of all sizes struggle with the cost of poor product quality, whether that translates into slower
production, decreased profits, or unnecessary waste. Even worse, poor quality can do irreversible damage to
brand reputation. In the food and beverage market, 20 percent of consumers say they will not purchase from a
brand following a product recall.

While artificial intelligence (AI) is gaining favor as a solution to quality problems, it brings a number of new,
sometimes confusing, terms. As a first step, many manufacturers ask “What is AI?”

Understanding Machine Vision And AI
Machine vision is a mainstay on today’s manufacturing floor, thanks to programmers’ ability to continuously train
inspection systems to make automated decisions. To achieve accurate results, a machine vision system includes
enough intelligence to compare training data to actual objects.

Machine vision rules-based algorithms excel when there is consistency, whether that’s types of defects or
material being inspected. If parameters change, the algorithm needs to be manually updated. Rules-based
programming particularly struggles when inspecting variable surfaces, such as glass, metal, or textured material.

The promise of AI is to remove some of the ‘hard-coded’ limitations of traditional programming so inspection
systems can be more versatile. This is especially valuable as consumer preferences tend towards customization
and organizations are manufacturing short-run products’ di�erent packaging and grading requirements. Another
key area for AI is the ability to decrease false-positives and false-negatives generated by rules-based inspection
that require costly and time-consuming secondary review.

Broadly defined, AI is a machine solving a problem in a way that we consider intelligent. Machine learning is a
branch of AI where computers are provided with a set of data to learn how to solve a specific problem. Instead of
recoding a hard-wired algorithm, the AI system can use good and bad images to essentially retrain itself. It’s
important to note that humans are still involved in AI; we need to provide the initial data so that the AI algorithm
can learn from that data.

Deep learning then expands machine learning methods to powerful neural networks that are inspired by the way
our brains function. With training and labelling, a user teaches the system how to make a decision based on good
or bad outcomes. The neural network then starts analyzing the data and making its own decision.

Image 1: The branches of AI lead to machine-based decision making.

“No Code” Algorithms And Edge Processing
For most manufacturers evaluating AI, their key concerns focus on the cost and complexity of design and
deployment.

There is a misconception that AI algorithm training and development is complicated, with added costs to bring on
new sta� or external expertise. “No code” algorithm design breaks those notions. New ‘drag-and-drop’
development platforms mean anyone can develop, train, and test an AI algorithm in a few hours. Advanced users
can leverage these platforms to mix AI and machine vision algorithms, or customize widely available open source
models. In addition, plug-ins for common inspection tasks provide a framework that is easily trained on a user’s
unique data to build a custom algorithm.

In tandem to advances that simplify algorithm development, the power, performance, and cost improvements of
embedded technologies make it much easier to add advanced capabilities to inspection applications.

In a retrofit upgrade, edge processing solutions can intercept the existing video feed and apply an AI skill. In these
applications, high-performance and low-power edge platforms allow manufacturers to add advanced AI
inspection skills without disrupting inline infrastructure and processes. In manual inspection, new edge
processing-based systems let human operators leverage AI capabilities to automate processes and help inform
decisions.   

Edge processing is also changing where decision-making can happen. Traditional machine vision systems rely on
networked devices sending data to centralized processing. Embedded vision takes centralized processing power
and places it at points where local decisions need to be made. For complex robotics and industrial internet of
things (IIoT) systems applications, the combination of small form factor smart embedded sensors and AI enable
automated decision-making at di�erent points in a networked system.

Hybrid AI And Inline Inspection
Hybrid AI merges the best of rules-based machine vision with more flexible AI capabilities to help improve
accuracy in existing systems, without adding deployment complexities and infrastructure costs.    

Leveraging embedding processing and a hybrid architecture, AI can be deployed alongside existing traditional
machine vision inspection systems. In this deployment strategy, the embedded device acts as an intermediate
device between the camera and host PC.

The embedded device ‘mimics’ the camera for existing applications and automatically acquires the images and
applies the AI algorithm on top of the camera feed. Processed data is then sent over GigE Vision to the inspection
application, which receives it as if it were still connected directly to the camera. This allows the re-use of existing
cameras, controllers and end-user applications. The embedded device can be programmed to save incoming
images for continuous o�line training to improve inspection results.

Hybrid AI is well-suited for manufacturers already invested in machine vision quality inspection. Layering AI
capabilities on top of existing machine vision processes reduces false-positives, where even a few percentage
points of improvement significantly reduces product waste, lowers costs related to secondary screenings, and
increases production uptime. AI is also advantageous for custom ‘short-run’ inspection requirements, where
products have di�erent threshold requirements.

Image 2: Classic computer vision requires human input and algorithm fine-tuning to meet different requirements. In
comparison, “no code” AI software training packages simplify algorithm development and deployment of more flexible,
adaptable inspection capabilities.

AI And Manual Inspection
An emerging area for AI is automating or adding decision-support for manual inspection, where manufacturers
report errors rates as high as 30 percent. Humans are well-suited for inspection tasks, but when we get tired or
distracted AI is a powerful tool to help alert us of issues and guide our decisions. Automating manual inspection
speeds inspection rates, improves end-to-end product quality, and provides more qualitative product evaluation
to ensure manufacturing processes are repeatable and traceable.

New systems for manual inspection leverage no-code algorithm design and edge processing deployment,
together with cameras, lighting, and display so�ware. The plug-and-play system is easily trained on a
manufacturer’s unique data to implement end-to-end quality checks and workflows, without requiring so�ware
coding skills. An intuitive user display guides operators through the manufacturing process and automatically
identifies and visually highlights di�erences and deviations.

Image 3: The combination of easy-to-
program AI algorithms and edge
processing enables turnkey inspection
systems to automate manual
inspection.

AI, Industry 4.0, And The Cloud
The cloud is a very consistent topic of discussion, and confusion, for organizations considering more
comprehensive monitoring and full factory analytics. Quality inspection drives a significant amount of data that
can provide further insight into process and workflow e�iciencies, machine health, and more. As a first step, the
cloud could become an important repository for analytics data so manufacturers can evaluate processes and
track product faults. Organizations are also evaluating the cloud as a way to share algorithms across global
manufacturing sites to ensure consistent product quality and collaboration.

AI Doesn’t Need To Be Complex
Despite new terms and technologies, in the end AI is a tool that manufacturers can use to solve costly, time-
consuming, and brand-damaging mistakes. With a hybrid approach, simplified training, and new edge processing
technologies, it can be relatively straightforward to add AI to existing inspection applications or start automating
manual tasks.

Opening Video Background Source: jitendrajadhav/Creatas Video via Getty Images.

Image Source: Pleora

Ed Goffin (edg.goffin@pleora.com) is marketing manager with Pleora.

OCTOBER 2021  |  VOLUME 60  |  NUMBER 10

https://www.aerotech.com/
mailto:edg.goffin@pleora.com?Subject=


https://www.mtseries.com/


Simplifying Metrology System Selection for

Medical Applications

MEASUREMENT

TIPS FOR CHOOSING THE RIGHT VISION SYSTEM.   
By CW Moran

Ensuring stringent medical part quality is challenging, but with the right vision system, manufacturers can utilize
powerful technology to help determine that the challenges are being met. Vision systems are crucial to
minimizing waste and saving time and money throughout the manufacturing process.

Quick inspection checks are o�en used in-process to determine that design specifications are being met.
Tolerancing can be used to confirm that intricate features are being produced accurately, within an acceptable
range. When placed in a walkup metrology scenario, o�en directly on the shop floor, vision systems can be used
by virtually any employee involved in a manufacturing process to perform an inspection check, eliminating
quality control bottlenecks. Errors can be caught in real time and adjusted in-process, so that the finished
product is right the first time, preventing costly rework or scrap.

Multi-sensor measurement systems in particular, which include functionality such as vision and touch probe
capability, help solve many of the measurement and inspection challenges arising in medical manufacturing.
Providing exceptional speed and e�iciency, a multi-sensor measurement system can easily increase QC
throughput by performing multiple processes on a single machine, while maintaining accuracy.

Following some simple steps for selecting a vision or multi-sensor vision system will serve medical
manufacturers well, and help to avoid making costly selection mistakes.

Step 1: Know Your Parts
To select the right system for your needs, first identify the range of parts requiring QC and their corresponding
requirements. For example, medical part specifications are o�en tight, requiring precise dimensions, printed
documentation, and part-number tracing. Identifying the key areas upfront will help to streamline the next step,
which is to contact a reputable and knowledgeable metrology system supplier/manufacturer.

Step 2: Partner With Knowledgeable, Experienced Medical Metrology Supplier
It is critical to consult, and ultimately partner with, a respected and experienced metrology system supplier that
o�ers the latest vision system technology for medical manufacturing, and who either manufactures or sources
solutions from a manufacturer who is continually enhancing capabilities through ongoing research and
development.

There are many aspects of manufacturing that are unique to the medical device industry, including having to
work with highly reflective finishes, complex curves, unique thread specifications and micro-etching.
Coordinating with a supplier that is well versed in these distinctive challenges can help in selecting the right
metrology system, configured with the proper lens, lighting, so�ware and accessory options.

Guidance should include comprehensive demonstrations of measuring/inspecting actual application parts,
when permitted. Demonstrations can be conducted in person or virtually, depending on preference.

Proper setup of the vision system on a shop floor or QC lab environment is key. Be sure to partner with a
metrology supplier who will work closely on the installation and provide e�ective training to successfully put the
system into production. On-going technical support, either virtual or in-person, is also critical for the lifetime of
the vision system. This may include help with annual calibration to ensure the system is operating consistently
and reliably.

This large field-of-vision (FOV) benchtop vision measurement system
is capable of being used in either a vertical or horizontal orientation.
It has a high-resolution digital video camera and minimal optical
distortion for accurate FOV measurements of up to 90mm.

Complex pieces, such as a hip joint insert,
require a large FOV in order to fit the entire
part profile in its view for measurement and
inspection.

Step 3: Get Educated On Options
Today’s vision systems o�er a wide range of capabilities which may be available as standard or can be configured
for a customized system to address individual needs. Having an overview of the options available will help
expedite the vision selection process when working with your metrology system supplier.

The following describes some of the functionality that is available today – with so many options, it is clear why
consulting with a knowledgeable metrology system provider is so important.

Benchtop or Floor Standing Systems: Choose from tabletop microscopes, horizontal and/or vertical view
tabletop systems, as well as floor-standing models in horizontal or vertical viewing orientation. Starting with the
application needs and working backwards from there is the best way to ensure that the right system is selected.

For example, in situations where quality checks need to be run on large batches of a single piece, a large format
system or large field of view system is ideal. Or, when involved in bone screw production, a horizontal system
with a thread module application is an excellent option.

CNC Control: CNC control is available as an option on almost every vision system. CNC control can be used
independently, or in coordination with a touch probe, to ensure that the desired measurements are being taken
in the exact same place every time. In medical manufacturing, where parts are o�en manufactured for years
under strict regulatory approval guidelines, CNC control capability can ensure a smooth transition to a more
modern vision system, increasing capabilities without compromising quality.

Optical Options: For most modern vision systems, taking measurement points in the Z-axis is a standard feature
or o�ered as an option. When combined with high-magnification optics, the system can capture numerous,
accurate data points in all three dimensions.

New multi-sensor measurement platforms may be equipped with dual optical systems that work in tandem to
allow measurement of a diverse range of features with one single device. A primary zoom lens enables small
intricate features to be inspected with high precision and resolution down to two microns. A secondary large
field-of-view camera can be equipped with a telecentric lens that can simultaneously inspect large areas of a
part, or an entire part itself.

A broad range of zoom options also means that measurement configurations can be custom tailored to meet the
specific application requirements for each user. This advancement in measurement technology allows
companies to have the best of both worlds in one metrology system, without the need to change lenses or re-
calibrate the unit. The option to have dedicated or interchangeable lens configurations on a bayonet for almost
all camera options ensures that any one system can be configured with a multitude of lens types, requiring fewer
inspection systems, saving floor space and money.

Walkup metrology is a process that
means that once a part profile is
created, any employee can initiate the
program and instantly obtain the
same results with confidence.

This multi-sensor vision system is
equipped with dual optical systems
and touch-probe capability to measure
parts with a diverse range of feature
sizes and geometries.

This system combines the best
features of a horizontal optical
comparator and a vision system.

Touch Probes: This capability increases the accuracy of vision systems by providing an additional layer of
inspection, allowing for the capture of discrete points on a part’s profile to be built into the inspection process as
programmable steps. Discrete points that can be hard to reach, such as bore holes, can be accurately measured
with the touch probe sensor by traveling into recessed spaces and taking the required measurements directly.
Touch probes can also help determine when a cutting tool is falling out of spec and needs replacement.

Lighting Options: Proper light control is crucial to accurate in-process measurement for ensuring that highly
reflective surfaces found on many medical devices do not interfere with obtaining accurate results. All lighting
systems on vision systems can be adjusted for intensity, depending on the specific needs for measuring the part
feature. For repeatable and reliable results, light levels can be integrated into the inspection process as
programmable steps. This ensures that enough light is present to illuminate the feature, without washing it out
and distorting the image.

Darkfield lighting, which utilizes a low angle ring light that is positioned very closely to the work piece, is ideal for
parts such as joint replacements, which have highly reflective surfaces. Surface defects, scratches, or engraving of
serial or part numbers can be more easily identified.

Camera Options: Customizable camera solutions have been developed to handle the challenges of intricate part
inspection. Zoom lenses can produce up to 310X magnification on the monitor. Telecentric optics come in a wide
array of lens options.

So�ware applications: So�ware can significantly enhance the capabilities of a vision system. Providing a high
level of confidence in repeatability and reliability, integrated so�ware enables part recognition profiles to be
created based upon a few key points on a component’s profile. Once this profile has been created, another part,
or multiple parts, can be placed in the camera’s FOV to initiate the part recognition profile. The camera will orient
the part based on the key points and automatically run the preferred measurements, generating a report in
seconds.

Video edge detection, which detects transitions between light and dark fields, further helps guarantee accuracy
by eliminating operator subjectivity. Using a user-friendly process, known as walkup metrology, means that once
a part profile is created, any employee can simply initiate the program and instantly obtain the same results with
confidence.

Thread module programs are ideal for identifying features on parts such as bone screws, ensuring that thread
pitch, major and minor diameter are within the strict tolerance limits of the medical industry.

Accessories: Accessories are available that assist with proper part orientation such as fixtures, vises, and rotary
indexers. Fixtures are great for ensuring positional repeatability and o�ering faster throughput. Vises securely
hold a work piece in a specific position and are available in fixed or rotary options. Conversely, a rotary indexer is
the right choice for controlled rotation of a part while maintaining position, such as when a user is inspecting the
leading edge of a bone screw thread.

With such a wide range of medical metrology system options available, taking the time to get educated, as well as
working with a knowledgeable and experienced supplier are key to critical medical part quality control and
manufacture.

All photos courtesy of The L.S. Starrett Co.

CW Moran, Starrett marketing specialist, metrology
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Digital Technologies in

Hardness
Testing

TEST & INSPECTION

MODERN COMPUTER CONTROL OF HARDNESS
TESTERS HAS ADVANCED FAR BEYOND MAKING A

SINGLE LINE OF INDENTS.   
By Doug Ngai

Hardness testing is a simple mechanical test developed to provide a quantitative measurement in a quick and
e�icient manner. Hardness testing is used in place of other techniques such as tensile testing as it can be
correlated with tensile strength but requires significantly less time and e�ort, as well as being comparatively
nondestructive.

When Wilson first developed the Rockwell test in the early 20th century, the speed of testing drove rapid adoption
of the technique, supporting the growth of production line manufacturing as well as high volume output of
components needed for the war e�ort at the time. Various types of hardness test technique have been developed
over the years, the most common examples being Rockwell, Vickers, Knoop and Brinell testing. Each has its
unique advantages and limitations, but each has earned their place in today’s quality control environment due to
the speed, accuracy, and reproducibility of the tests.

The digital age has already created many changes in hardness testing techniques. Load cells have largely
replaced weights. Mechanical controls are now o�en motor driven. Visual measurement of indents – where
needed – are automatically located, focused, and measured without human interaction.

The addition of automation in these areas has driven both repeatability and reproducibility of single hardness
indents to new levels, allowing design boundaries to be pushed and control of manufacturing quality to be more
exact. Another aspect of the digital age has been the introduction of the automated placement of hardness
indents. This was initially driven by particular applications, such as surface heat treatment of gears, where a
combination of a hard surface layer and a so� interior structure allows the gear components to withstand resist
wear as well as high stress and fatigue in service. Automating the movement of a test specimen was introduced
with computerization to more rapidly assess the changing hardness and ensure su�icient case depth is attained
from the heat treatment process.

New Opportunities
As has always been true, new technologies drive new opportunities. Modern computer control of hardness
testers has advanced far beyond making a single line of indents.

The best so�ware packages can provide many tools for highlighting potential testing problems and/or
adaptation of test programs to suit di�erent components being tested. Functions such as the ability to
automatically find edges of test pieces, scan an area of interest, snap indentation patterns to the correct location,
review placement and adjust on the fly all provide ease of use and versatility to adapt to changing requirements
without significant e�ort from the operator.

Figure 1: Early 20th century
Rockwell hardness tester.
Image Source: Buehler

Figure 2 – Vickers indent with Filar lines

Figure 3 – Case depth measurement

It’s now possible to ‘scan’ a sample and create a collage of indents to provide a wealth of detail on material
hardness variation. The hardness map created literally adds a new dimension to any test data, providing a quick
qualitative assessment of the heat treatment process, with the detailed quantitative data available if closer
inspection is needed. Figure 4 shows hardness mapping of a gear tooth, allowing us to instantly see the depth of
hardness penetration, and visualize any problems. This may not always be necessary in a quality control
environment, but for development, failure analysis, setting up a new manufacturing process or for highest
specification quality control this kind of analysis can be invaluable. The ability to visualize the hardness map, set
maximum and minimum hardness values, and quickly identify anomalous indents makes these programs highly
user friendly. Other tools help users conform to ASTM and ISO specifications. For example, virtual indent size
overlay allows a user to easily assess minimum indent spacing compliance.

As well as o�ering improvements in our understanding of traditional applications such as this, these new
capabilities open the door to whole new areas of analysis over a wide variety of applications. One such
application area is joining technologies. There are a wide variety of methods used to join materials – many of
which may be used in quality critical components. One of the best known and widely used joining technologies is
welding. Typical quality control involves placing short lines of indents in specific areas across the weld, to identify
process problems. The time taken to make multiple indents manually can be prohibitive, and so the placement of
indents is limited to a few lines in strategic areas.

Figure 4: Hardness mapping on a gear tooth (a) 2d
and (b) 3d

Figure 5: Example of hardness indent placements on a weld as per ISO
9015

Figure 6: Hardness mapping across a weld

Modern so�ware can assist the user in making and placing these indents, but the values are typically then
reviewed as tables or graphs with little capability to relate back to the component. This can leave open the
possibility of missing a problem. Automated mapping across the whole weld area can actually reduce the
amount of time an operator needs to set up tests. Indents can cover the whole area of interest, making the
chance of missing a defect virtually nil. Hundreds of indents can be placed rapidly - thousands if needed – and all
can be made and measured without any operator intervention. A quick review of the color-coded map can help
the operator rapidly identify areas to investigate further.

All of these functions together also allow us to address more complex applications. One such application is self-
piercing rivets (SPR). This technique allows sheets of material to be joined together with access from one side
only, which has some significant advantages in manufacturing e�iciency. The technique works by deforming the
fastener and the sheet materials in a very precise way, such that they lock together. As the material is being
deformed, the hardness is typically changed and can be used to characterize the joint. Automated area
identification, placement, indentation, measurement and mapping allow the joint to be characterized quickly
and e�ectively.

Figure 7: Self-piercing rivets Figure 8: Hardness map across a self-piercing rivet

Figure 9: Hardness map on an additively manufactured component along build direction

Now we are entering the world of three dimensions in manufacturing. Additive manufacturing or 3D printing is
being developed in virtually all manufacturing fields as the production technique of the future. Due to the nature
of the process, quality control is also a three-dimensional problem. Material properties can change from area to
area as the part is built up, and so the characterization of an area becomes much more important. Hardness
mapping has been shown to be a valuable tool in analyzing additively manufactured samples. Figure 9 shows the
change in properties of one such part, and a visible di�erence can be seen as the sample is built up.

The levels of automation and functionality in modern hardness testing systems provide us with new
opportunities in measuring sample characteristics that only a few years ago were unattainable. The same tools
have improved ease of use, e�iciency, accuracy, and reproducibility - opening the door to new levels of quality
control.

Doug Ngai, Buehler
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SOFTWARE & ANALYSIS

Gaging Software’s

Changing Role
AS MANUFACTURERS BECOME LEANER AND INTEGRATE METROLOGY IN

INNOVATIVE WAYS, OPENNESS AND INTEROPERABILITY ARE PARAMOUNT.
By Genevieve Diesing

Digital gaging, involving the so�ware and hardware used to capture and process digital measurements, has
grown dramatically in the past two decades. It has also made quality more e�icient and e�ective.  

Gaging so�ware helps quality operators combine and elaborate upon input data, or sensor readings, to produce
a final measurement. It simplifies and secures the measurement process, making it less prone to human error. It
also helps operators collect data, generate reports, and perform statistical analysis to compare the level of
quality (quality indexes) over time.

There is no longer a ‘one size fits all’ approach to measurement and inspection, says David Olson, director of
sales and marketing at Verisurf So�ware, as customized solutions are now available for “virtually every type of
manufacturing/engineering application or process you can think of,” including inspection, reverse engineering,
tool making, and assembly guidance.

Gaging so�ware, or measurement and inspection so�ware, propels today’s digital measurement applications,
Olson says.  

“Selecting measurement and inspection so�ware that is based on a CAD platform and is interoperable with all
digital measuring devices, as well as all CAD files, is important and provides a level of measurement and quality
verification far beyond simply capturing digital measurement points and outputting them to a spreadsheet or
basic report,” Olson explains.

Digital gaging’s increased e�iciency enables Verisurf’s customers to now request and receive 100% inspection on
jobs that “just a few short years ago would have been unrealistic,” Olson says.  When using measurement and
inspection so�ware that is built on a CAD platform and supports Model-Based Definition (MBD), users can also
maintain what Olson calls digital continuity, or the ‘digital twin’ or ‘virtual golden part.’  

“Not only is this great for keeping all the nominal data together in one place, but also as it applies to feeding
downstream applications associated with product lifecycle management and statistical process control (SPC)
so�ware,” he says.

Ultimately, gaging management so�ware increases the accuracy of records retained, provides greater visibility,
and o�ers a wide array of analytics that can identify sources of variation in a measurement system. Without the
use of so�ware to perform measurement systems analysis, these sources of variation can remain hidden and
negatively contribute to overall process variation, says Eric Gasper, senior product development specialist, PQ
Systems.

As the industry embraces smart factories and automation, gaging so�ware must seamlessly exchange
information across all components in a production process, says Alberto Tomirotti, product sales manager,
Marposs.

“[So�ware must receive] input from the quality management system, dialogue with the machines and report
back to the same quality system, simplifying the tasks for the operators,” he says.

Gasper says the biggest trend in gaging so�ware “has less to do with the so�ware itself and more to do with the
support and services behind it.” Manufacturers that were sta�ed lean prior to the pandemic are stretched thinner
than ever and quality professionals are feeling the burden, he says. “They need assurance that the so�ware
provider has a team of experts to help them with IT-related tasks like system setup, data import from legacy
systems, and deployment in addition to the traditional so�ware support,” Gasper explains.

Technology investments boost mobility on shop floors.

“Instead of being tethered to a workstation, users can venture out and examine work pieces, inspect product,
and maintain their gages via tablets, cell phones, and other handheld devices,” Gasper adds.

Olson agrees.

“Quality inspection and reporting used to be a disparate process isolated in a quality lab.  Today, it is becoming
much more integrated with the shop floor through in-process inspection, when possible,” he says.  

As manufacturers become leaner and integrate metrology in innovative ways, openness and interoperability are
paramount.  

Most shops require a variety of digital inspection devices and accessories, depending on the type of parts being
inspected at any given time, Olson says.  

“The goal is for all the devices to interoperate and share accessories, such as probes, whenever possible,” he
explains. “This starts with inspection so�ware and extends to all digital measuring devices and accessories.”

Today’s inspection so�ware solutions must be rooted in CAD and can import from, manipulate, annotate, model,
inspect against and export to virtually any CAD file format, he says.  

“At the end of the day, it is the job of inspection so�ware to align and compare the virtual CAD model or data set
with measurement points collected from the finished part, whether that includes a relatively small number of
manually triggered contact points, or non-contact scanned point cloud data containing millions of
measurements,” Olson says.

Quality inspection and reporting in today’s manufacturing environment is quickly moving in the direction of
model-based definition (MBD), Olson says.  

“When employing a MBD strategy the CAD model – ideally a 3D CAD model – serves as the nominal model in
which all parts are compared and inspected against,” Olson explains. “In doing so, a virtual legacy part is
preserved for future use and reference data to maintain the all-important digital thread remains intact.”

Inspection data can integrate with other important data in a database for a single point access to check tolerances and quality
of new parts. Source: Mitutoyo

This reference data ranges from design to manufacturing, to inspection and quality reporting.

“Should that part need to be recreated in the future, everything exists in a single digital archive, including a
virtual nominal part from which to inspect against,” Olson says. “Comprehensive deployment of MBD in
manufacturing can go far beyond this example to include all attributes of a product necessary for complete PLM,
but it is a good place to start and illustrates constant improvement for shops committed to quality processes and
lean manufacturing.”

Tomirotti says the field should be more standardized, to help operators “easily integrate and adapt to di�erent
interfaces in a cost-e�icient manner.”

Olson backs this up, citing metrology’s constant innovation. New applications, workflows, measurement devices
and added capabilities to existing hardware call for constant development and integration of so�ware
capabilities, not to mention training and education.  

“With newfound measurement and inspection capabilities, the quality department runs the risk of becoming a
bottleneck for many shops,” he says. “Some shops run as many as three di�erent measurement so�ware
solutions, each requiring maintenance, training, and skilled operators.”

Many shops are standardizing on a single measurement and inspection so�ware platform which is capable of
running and supporting all their various portable and fixed CMMs across the manufacturing enterprise, Olson
says.  This lowers overall so�ware cost of ownership and improves resource management, “as everyone is
trained and knows how to use the common so�ware interface across all the company’s measurement assets,” he
explains.

Finally, gaging so�ware does not always make determining scalability intuitive.

Manufacturers o�en find that as they grow and acquire more assets, the so�ware solution that started as free or
seemingly inexpensive has become cost prohibitive.

As Gasper explains, “Doing planning and analysis on the front end to determine future costs as the organization’s
asset inventory, number of users, and/or number of plants grows will help avoid headaches later.”

Opening Image Source: Marposs

Genevieve Diesing is a contributing editor to Quality.
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Robots
Get the Job Done

MANAGEMENT

MOBILE ROBOTS ARE AN
INCREASINGLY IMPORTANT PART OF

MODERN MANUFACTURING.  
By Michelle Bangert

Whether they are going mobile or adding artificial intelligence,
a range of robots are appearing on the manufacturing floor -
and more are on the way.

“Things are really rocketing forward,” says Je� Burnstein,
president of A3, “and it’s a whole bunch of industries that are
automating.”

According to the International Federation of Robotics (IFR),
“Annual installations of industrial robots more than tripled
within ten years (2010-2019) reaching 381 thousand units in
factories around the world.”

As you would expect, the pandemic le� its mark on the
industry as well.

In looking at robotics trends, the International Federation of
Robotics released this statement: “Advances in robot
technologies are contributing to increased robot adoption,”
said Dr. Susanne Bieller, general secretary of the IFR. “The
COVID-19 pandemic hasn`t started any new trends but it
accelerated the use of robotics beyond established practice. In
this respect, the pandemic has proven to be the biggest single
driver for change in industry.”
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Robotics: What’s Trending Now
The industry is growing faster than ever, and there are a
lot of new trends to be aware of, says A3 President Jeff
Burnstein, including mobile robots, AI and the rise of
automation.

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

Robots On The Move
Mobile robots are shaking things up on the
manufacturing floor. Matt Charles from MiR discusses
robotic trends—including flexibility, safety and artificial
intelligence—as well as how prospective robotics
clients can get started.

Here we’ll look at how robots have grown in the past few years, thanks to technology improvements as well as
current events, and discuss a few trends that can improve your manufacturing process.

The Revolution Has Arrived
While many sectors of the robotics industry are booming, mobile robots is a particular standout. Though robotic
mobility will continue to advance, it’s ready to use now. As the International Federation of Robotics says, “The
mobile revolution is already here!”

“While researchers have worked on technologies for autonomous mobility since the 1940s, autonomous mobile
robots have only become commercially viable over the last decade,” according to “A Mobile Revolution,” IFR’s
June 2021 paper. “This is primarily due to the availability of far more powerful and cheaper computing power.
This has led to rapid developments in sensor, vision and analytics technologies which enable robots to connect in
real-time to their environment. Today, “Autonomous Mobile Robots” show double digit growth.

“The fastest-growing segment of mobile robots is the Autonomous Mobile Robot (AMR). An AMR may consist only
of an autonomous mobile platform or base, which can be loaded with goods to transport.”

The paper goes on to say, “AMRs frequently act as the ‘glue’ that links otherwise disconnected parts of an overall
process, generating data that can be used to gain a real-time overview of performance across the entire process.”

Industry Advice
Matt Charles, MiR’s sales director for Midwest U.S. and Canada, o�ers his perspective from the mobile robot
industry. MiR, which stands for Mobile Industrial Robots, o�ers autonomous mobile robots. Charles says safety is
a big trend for these inherently collaborative robots.

Burnstein echoes the importance of safety. To that end, A3 released a mobile robot safety standard earlier this
year. (Learn more about the standard here.)

A second big trend is that customers want flexibility in how the manufacturing process flows, Charles says. For
robotics in general, he notes that artificial intelligence is the big buzzword. This can take many forms, such as
using AI vision sensors to make route planning better or AI for support in troubleshooting to lessen downtime.

Quality is always a goal when implementing robotics and there are a few ways robots can address this need. In
terms of quality-specific work, Charles says their robots may be used to move parts to a quality inspection area if
it is not next to the production line. Instead of moving a part yourself, whether you put it on a cart and wheel it
over or load it on a forkli�, let a machine do it. “Our robots can replace that task,” Charles says. “We can
automate that quality check part of the transportation. It keeps the line moving, it keeps people at their station
doing their thing.”

The robots can make sure production is flowing smoothly, from automating workflow to streamlining part travel.
During the pandemic, this need became especially apparent.

Business at MiR has been booming, Charles says. The company had record sales, as companies tried to keep up
with production throughout the pandemic. This required some new ways to get work done.

If a manufacturer is looking to improve quality and considering robotics, Charles o�ers this advice: “The message
would be just to get started.” The company would be able to bring a robot to your facility and discuss automation.
An initial visit would include a look at challenges as well as potential “home run applications,” he says.

MiR’s new MiR1350 and MiR600 are Ingress
Protection52-rated autonomous mobile robots, which
means their components are protected and can tolerate
dust and water drops.

Trends To Watch
Applying some industry trends may be intimidating but it is
possible.

“The hype is always an issue when you hear the term artificial
intelligence,” Burnstein says. “People get in their minds some
machine that is taking over the world. That’s not where we are.
We’re at a point where machine learning is being used for real-
world applications. AI is being used in areas like predictive
maintenance. But one of the most common tasks is: how do
you pick up something, grasp it, package it, how do you pick it
out of a bin of objects, and machine learning is helping robotics
achieve some of these tasks. I think there’s a great deal of
excitement around machine learning and AI.

Robots learn new tricks

Robots work in smart factories

Robots enter new markets

Robots reduce carbon footprint

Robots help to secure supply chains

Source: International Federation of Robotics

Top 5 Robot Trends 2021

“We recently created a technology sector board of directors for our association, which is the first new tech sector
board we’ve created in the past 15 years. There’s just a lot of activity going on with real world applications
connected to machine learning.”

With the increasing interest in real world applications, A3 released a white paper on this topic with examples. It
was extremely popular—and for good reason.

“People want to know how do you incorporate AI, robotics, machine vision, how do you use all of these
technologies together on a practical solution,” Burnstein says, “and more and more companies are figuring out
how to do that.”

The Rise of Mobile Robots
It all started with Elma and Elsie.

The history of mobile robotics begins in the late 1940s with two autonomous mobile robots created by British
physiologist W. Grey Walter, according to the IFR paper. These were developed to model and research electrical
signals in the brain. Elma and Elsie were able to detect and move towards a light source while also avoiding
obstacles.

From there, IFR points out a 1956 conference that brought together artificial intelligence researchers focused on
machines designed to emulate human intelligence while also considering mobility. Next, mobile robots were
used for research in the late 1960s and early 1970s.

Commercial applications were still on the horizon. It took advances in technology to get adoption rates higher.

A Growing Field
Though the industry is growing, there is still plenty of room for more growth.

According to IFR, “Robot density in the general industry is still comparatively low with only 139 units per 10,000
employees. Overall in all surveyed countries worldwide, the potential for robot installations in the general
industry is tremendous. In the United States for example, yearly orders of robots from non-automotive sectors
surpassed automotive robot orders for the first time. Sales of robotic units in the U.S. increased 7% in 2020 from
2019.”

The International Federation of Robotics will publish an update of the World Robotics 2021 statistics October
28th.

Images Source: MiR

Michelle Bangert is the managing editor of Quality.
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Products
VISIT THE QUALITY SHOW TO LEARN ABOUT THE LATEST
TECHNOLOGY AND PROCESSES FOR MEASURING.

SEE THE PRODUCTS EXHIBITORS WILL BE DISPLAYING THIS YEAR.

Capture 3D GOM ScanCobot
The GOM ScanCobot provides an a�ordable solution to automation
investment, making advanced 3D measurement technology accessible
to companies of all sizes. The mobile automated 3D scanning solution
integrates with GOM’s ATOS Q blue light 3D scanner providing a
gateway to Digital Twin, digital engineering, rapid manufacturing,
Quality 4.0, and automation strategies. Engineered to increase
e�iciency in the quality control of small to medium-sized parts,
including plastics, metal, and casting, the GOM ScanCobot and ATOS Q
combination digitizes the full surface of additively manufactured parts
to deliver high-quality meshes.

Capture 3D
Booth #812

PosiTector Gage Body
The new PosiTector gage body builds on this legacy with many industry
leading features including a larger 2.8 in. impact resistant color
touchscreen with redesigned keypad for quick menu navigation, new
ergonomic design with a durable rubberized grip for comfortable all-
day inspection, an updated modern user-interface, and on-gage help
to explain menu items at the touch of a button. The new weatherproof,
dustproof, and water-resistant—IP65-rated enclosure and shock-
absorbing rubber holster are ideal for the toughest environmental
conditions including an unexpected rainstorm.

DeFelsko
Booth #1134

GAGEtrak Pro Calibration Management Software
A sleek, modern interface, highly intuitive navigation, impressive
flexibility and a truly comprehensive feature set are among the many
exciting aspects of the new GAGEtrak Pro calibration management
so�ware. Whether you track calibrations by hand, spreadsheet or
another legacy so�ware program, switching to GAGEtrak Pro will
revolutionize and modernize the way you manage M&TE.

GAGEtrak
Booth #1619

Heidenhain Precision Measurement Components
Heidenhain’s rugged products provide the highest accuracy for
measuring gage blocks and in-line gaging solutions, while presenting
custom gage-builders with an entire toolbox of gaging options. Length
gauges on display will include Heidenhain’s ACANTO, CERTO, METRO
and SPECTO models. The Heidenhain length gauge products cover a
myriad of applications in production metrology, including in multipoint
inspection stations, measuring equipment monitoring and as position
measuring devices, whether the part measures 12 mm or 100 mm.

Heidenhain
Booth #927

Polyworks|Inspector 3D Dimensional Analysis And Quality
Control Software
PolyWorks|Inspector™ is used to control tool or part dimensions,
diagnose and prevent manufacturing and assembly issues, guide
assembly building through real-time measurements, and oversee the
quality of assembled products by using your choice of portable
metrology devices and CNC CMMs. Benefit from an extensive set of
guidance technologies for e�icient, precise, and repeatable
measurement processes for portable metrology devices.

InnovMetric
Booth #1320

Mitutoyo Roundtracer Flash
Mitutoyo America Corporation’s new non-contact measuring unit is
designed to deliver greater speed and versatility to the company’s form
measurement line. It allows images acquired by di�erent sensors to be
perfectly combined to generate a single workpiece image containing
no defects or gaps at stitching edges. The unit measures parts up to
300mm in length without any vertical movement of the sensors or part
and executes 100 static measurements in two seconds regardless of
how the measurement sections are distributed along the workpiece.

Mitutoyo America Corporation
Booth #1308

NDC Technologies Z-Mike Pro Gauge
Z-Mike Pro o�ers versatility across a wide range of demanding
measurement applications such as rubber rollers, fluted cutting tools,
plug and pin gauge calibration, sha�s, pistons, cranksha�s, camsha�s,
motor sha�s, glass tubes, fuel injectors, valves, computer components
and other uses. From quality clean rooms to tough machine shops, the
Z-Mike Pro gauge o�ers no recalibration, precision over the entire
measurement range, no need to center the object to be measured, and
measurements traceable to national standards. The Z-Mike Pro gauge
is available in two models to measure products up to 50 mm.

NDC Technologies
Booth #611

QI Macros For Excel
QI Macros® for Excel was the first Excel-based Quality Improvement
solution more than 20 years ago, and remains the most powerful,
easiest to use, most a�ordable SPC package to implement throughout
your organization. Highlight your data in Excel, select the chart or tool
you need… that’s it! The so�ware creates the chart and indicates in-
control and out-of-control points automatically. QI Macros can even
choose the correct chart automatically.

QI Macros for Excel
Booth #1715

Tagarno High-Speed Modular Microscope
The new Tagarno Move digital microscope combines the flexible setup
of the more simple ZAP model and the advanced features of the Trend
and Prestige models, including on-screen measurements apps, easy
documentation capabilities, advanced camera and presets settings as
well as unprecedented processing power. Tagarno o�en receives
inquiries about new applications from manufacturing companies and
government organizations that want to use microscopes for new tasks
and new materials. This can entail areas such as color control, size
measurements, identifying impurities and overall quality control.

Tagarno
Booth #1828

Winslow Engineering 560 Mini Video Tool Analyzer
Winslow Engineering has improved the 560 Mini Video Tool Analyzer,
adding a new base and optics assembly. The 560 Mini Video Tool
Analyzer can be used for inspecting angles, diameters, radiuses, and
distances on cutting tools and parts. The images with inspection data
can be saved and emailed.

Winslow Engineering
Booth #1635
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This Case Studies Special Advertising Section features manufacturing companies with real-
world challenges using quality equipment, so�ware and services to solve their problems
and improve their processes. These problem-solving stories describe myriad manufacturing
challenges and how the correct application of a supplier’s product or service made the
di�erence, providing quantitative benefits to quality and manufacturing issues.

The suppliers in this special section present these real-world problems and solutions to help
Quality Magazine subscribers who may have similar experiences.

Case Studies
—  SP E C I A L  A D V E R T I SI N G  SE C T I O N  —

Bosch Uses GAGEtrak® To
Ensure Accurate, Reliable
Measurements
The Bosch Group is a leading global supplier of
technology and services in the areas of automotive
and industrial technology, consumer goods and
building technology. The Automotive Technology
division is Bosch’s largest business sector in North
America employing approximately 12,200 associates
at approximately 30 primary locations.

While there are 29 Bosch US and international facilities that have GAGEtrak installed, the Anderson, SC location
of Robert Bosch is responsible for managing 4,500 gages and conducting 4,000 calibrations each year to ensure
accurate and reliable measurements of their gasoline systems products.

Bosch chooses GAGEtrak Calibration Management So�ware to track their metrology assets, schedule their
calibrations and maintain a system that is compliant with their corporate quality requirements and standards.

Prior to GAGEtrak, the company used filing cabinets and index cards to track calibrations. With GAGEtrak, the
calibration tracking process at Robert Bosch became almost paperless. “GAGEtrak streamlined our recall
process,” says Thomas.

As a leading global supplier of automotive and industrial technology, Bosch is serious about quality and
performance and chooses GAGEtrak to help ensure measurement accuracy and reliability.

GAGEtrak is used at thousands of facilities worldwide to improve measurement quality, assure compliance and
increase e�iciency. Contact CyberMetrics today to learn how GAGEtrak will do the same for your company.

CyberMetrics Corporation
1-800-777-7020

https://gagetrak.com

Reducing shop floor gauging
time by 85% with Equator™

At the Tremec Queretaro plant, transmission systems are produced for Daimler, Volvo, GM, John Deere and CNH.
Tremec decided that its manufacturing process could be improved considerably, since the process control of
parts was taking far too long. With a new Daimler gear project it decided to use Renishaw Equator™ gauging
system for a di�erent approach during grinding and green gear turning. “By analysing our customer’s
specifications, looking at the features to be gauged and controlled, we realized that we were going to cut down
on the number of devices, as the Equator can gauge everything—distances, dimensions and diameters.”

Renishaw, Inc. West Dundee, IL
usa@renishaw.com

https://www.renishaw.com

Case Study: Measuring The
Durability of Swim Goggles
A manufacturer of swimwear and athletic gear upgraded
their incoming inspection and material characterization
processes through the use of Mark-10 force measurement
equipment.

Of principal interest to their Engineering and Quality teams
was the strength and durability of the company’s swim
goggles. Various components of the goggles require testing,
including the rubber straps and lens bridge. Several types of
tests were developed:

Pull rubber strapping to a specified force, and hold
for a specified time, then cycle multiple times

Pull rubber strapping to destruction, and record
force vs. displacement curve

Pull at the lens rims to apply a minimum force to
the bridge, and hold for a specified time

Mark-10 supplied a complete testing solution, consisting of a motorized test stand, force gauge, and several types
of standard and custom grips. Data collection so�ware records the data for the destructive tests, providing
curves, tabulated data, statistics, and customizable reports.

The small footprint of the system easily settled into the company’s busy facility and was quickly mastered by their
sta�.

https://mark-10.com/
mf@mark-10.com  |  Tel: 631 842 9200 x13

Toll Free: 888-MARK-TEN
 

Case Study: Connect Any Gage into
Any Software

Challenge:
A customer discovered their new Component Engineering
TruPosition probes were not compatible with their installed
wireless measurement collection system.  They asked
MicroRidge for a solution that would allow them to collect
measurements wirelessly from the TruPosition and their
other installed gage devices with the least disruption to
their current data collection process.

Solution:
With 38 years of expertise in designing measurement collection products, MicroRidge created a MobileCollect
Wireless solution compatible with the customer’s new TruPosition probes and their installed base of calipers,
micrometers, and RS-232 serial output gage devices. This solution is now available to other MobileCollect
Wireless customers as a standard product.

The MobileCollect Wireless product o�ers compatibility with over 70 gage brands and thousands of gage models.
 MicroRidge is constantly researching gage devices to expand the list of compatible devices.  Our “connect any
gage into any so�ware” philosophy di�ers from other “single-brand only” wireless system providers in that it
allows companies to implement gage devices that best address their specific needs, regardless of the brand or
model.  

Our gage connectivity expertise and extensive line of wireless receivers and transmitters allow MobileCollect
Wireless to o�er data collection solutions not available from other wireless system providers.  The free
MicroRidge product demo program will enable companies to evaluate the MobileCollect Wireless products to
confirm it provides the required solution before making a financial commitment.

MicroRidge Systems, Inc.
www.microridge.com

541.593.1656

A universal metrology platform
for all measuring devices
AEREM is a French company that designs and
manufactures assembly and maintenance tools, as well as
mechanical and fluidic test benches, for the aeronautics,
aerospace, and pharmaceutical industries. MSL Métrologie
is a partner who o�ers 3D measurement services on
industrial sites in France and abroad, based on several
years of experience with large aeronautics and aerospace
companies. Both companies wanted a single metrology
so�ware to control their park of measuring devices.

In 2019, AEREM decided to retrofit their measuring instruments and review the so�ware component. They
consulted MSL Métrologie, a user of PolyWorks® Metrology Suite, and chose PolyWorks|Inspector™, a 3D
dimensional analysis and quality control so�ware solution. It can control their CMM, laser tracker, and measuring
arm through plug-ins provided at no additional cost. “With this solution, we can quickly switch from CMM-based
measuring to portable-arm based measuring,” says Vincent Renaud, Methods and Product Quality Control O�icer
at AEREM. He also appreciates the excellent training and technical support and uses PolyWorks|ReportLoop™ to
send data to Excel and PolyWorks|Talisman™ to replicate the PC display on a mobile device.

MSL Métrologie uses PolyWorks to control their laser trackers, arms, and CMMs. They like the user-friendly, and
intuitive interface, value its advanced features, and appreciate the follow-up and support provided by PolyWorks
Europa, all of which help them o�er customized solutions to their clients.

“For the InnovMetric group, service is an essential element,” says Thibault Hehlen, Commercial Manager of
PolyWorks Europa. Together with its network of partners, InnovMetric has a technical support team with
extensive experience in industrial metrology, product engineering, and manufacturing that includes over 150
application specialists directly supporting users in 43 countries.

“At MSL Métrologie, we believe PolyWorks is set to become the must-have so�ware in the field of 3D metrology,”
says Benoît Rotereau, company founder.

InnovMetric So�ware Inc
info@innovmetric.com

1‑888‑688‑2061
www.innovmetric.com

Enhance Quality Control on Life
Critical Devices
Pacemakers and other implantable medical devices must be free
of even minor defects. Being able to verify the performance of a
medical device, as well as ensure that it meets the required
quality standards and regulations, is of paramount importance
in order to eliminate the risk to the patient.

3D Computed Tomography (CT) is a nondestructive scanning technology that allows you to view and inspect the
external and internal structures of an object in 3D space. Computed Tomography works by taking hundreds or
thousands of 2D Digital Radiography projections around a 360 degree rotation of an object. Proprietary
algorithms are then used to reconstruct the 2D projections into a 3D CT volume, which will allow you to view and
slice the part at any angle.

When imaging a pacemaker, most medical manufacturers are looking for possible defects in the battery, circuitry
and the laser welded casing that holds and protects the electronics. Because access to the circuitry of
implantable devices is impeded by the packaging of the device, and because the packaging may have influenced
the failure, nondestructive testing techniques must be used extensively in R&D, product development as well as
final production.

Medical device manufacturers must adhere to the strictest quality requirements and nondestructively testing
these parts can not only save time and money but ultimately save a life.

(866) 718-2471
sales@4nsi.com
www.4nsi.com

Morgan Cars: Building on a
Heritage of Classic Design
Recent evolution of Morgan cars has relied on
technology advancements in metrology. Graham
Chapman, Technology Manager, has deployed new
measurement and inspection so�ware to ‘digitise’ and
preserve certain key characterises of Morgan chassis
and body structures. “We needed a solution that was
easy to use but provided high-end model-based
functionality to meet our exacting engineering
standards here at Morgan Cars. Morgan is a tradional
methods car builder but that does not mean we reject
new technologies to achieve our goals of a ‘British
Classic,” said Graham.  

Verisurf So�ware was selected as the measurement, inspection, and reverse engineering so�ware of choice
along with a portable CMM scanning arm. The so�ware/hardware combination provides Morgan with a user-
friendly digital route from hand-built components and assemblies to the CAD engineering team. The engineers
can then produce up to date CAD designs of tradional legacy car platforms. This provides great insight into the
current build process and gives a planning method for repeatability.

Model-Based Workflow Maintains Digital Continuity

Verisurf so�ware is based on a CAD platform and supports Model-Based Definition (MBD) workflow, which is key
to maintainng data integraty and relavance as part of the overall design and manufacturing process. When using
MBD, the CAD model is the nominal to which all parts are measured and inspected against, keeping the all-
important digital thread intact - from design to manufacturing to inspection and quality reporting. Everything
that defines the part exists in a single digital archive, including how to manufacture and inspect the part.  Based
on its CAD platform and MBD functionality, the so�ware is well suited for scan-to-CAD reverse engineering,
inspection, tool building, and assembly guidance.

Verisurf So�ware, Inc.
www.verisurf.com

sales@verisurf.com
714-970-1683

Aerotech Increases
Measurement Speed 40%
Challenge:

When a customer in the surface metrology industry
needed help finding a better way to inspect freeform
optics, they asked Aerotech for a solution that would
allow them to measure faster, more precisely and with
the smallest possible machine footprint.

Solution:

With 50 years of expertise specializing in custom-engineered precision motion products, Aerotech was able to
develop a custom solution to measure parts up to 40 percent faster with a 60 percent smaller machine footprint
than conventional Cartesian systems. The measurement device, called the surface measurement motion
platform (SMP), is now available to other Aerotech customers as a standard product that can be customized to
meet their specific needs.

The SMP integrates four axes of motion to deploy an innovative spiral scan. The workpiece is positioned on the
lower-axis, rotary, air-bearing stage. Linear, vertical and rotary stages on the bridge above it move the
measurement sensor, allowing the user to maintain a constant distance and normalcy to the optic being
measured. This configuration gives users precise control of the measurement.

Unlike a Cartesian system using a raster-scanning technique, the SMP’s spiral scan saves time by eliminating
extraneous linear motion. Because the part is continuously rotating below the sensor, users can scan over the
entire part with less motion, which enables a smaller machine footprint as well.

aerotech.com/smp
sales@aerotech.com

412.963.7470
 

Simplifying Technology to
Keep Inspections Simple
With manufacturing ramping back up in the USA,
quality departments are looking to standardize their
inspection process. These companies are looking at
Gradient Lens Corporation to simplify and
modernize their operations. The unique factors
making Gradient the logical choice are image
quality, seamless integration, economical price and
our dedication to streamlining your visual inspection
process.

Challenges
Overdependence on manual inspection without digital documentation.

Time-consuming processes, such as optical inspections, and utilizing less resolution products making it
harder to define pass/fail.

Results
Integrating Gradient Lens Hawkeye® Borescopes or Luxxor® Video and Lighting products can quickly
modernize an antiquated inspection process.

The addition of digital video onto current optical inspections or addition of new video inspections saves
time, improves reliability and increases productivity for our customers.

We understand that customers o�en contact us with an immediate need. We strive to keep all of our products on
the shelf for immediate delivery. In addition to being manufactured in the USA, our products are repaired and
supported in the USA as well.  

Gradient Lens Corporation
207 Tremont St.

Rochester, NY 14608
800-536-0790

info@gradientlens.com
https://www.gradientlens.com/

 
 

Adhesive Bead Height Inspected
With LaserGauge®
An automotive manufacturer was experiencing water leaks
around the windshield seal a�er final assembly.  A robotic
dispensor was programmed to apply a fixed amount of sealant;
but as the nozzle became dirty or clogged, the adhesive
material applied to the surface was not a consistent shape.
 When the adhesive hardened, the inconsistent shape caused
irregularities in the seal.  

To verify that a consistent amount of adhesive was being applied, the height and width of the sealant bead
needed to be measured.  The polyurethane sealant had to be measured immediately a�er being applied, while it
was still hot, and before the windshield was pressed into place.  Each vehicle had to be inspected quickly as it
continued to move down the assembly line.

A LaserGauge® HS702 DSP sensor with a 1.2" field-of-view was chosen for the application because of its
processing speed, light weight, and its portability.  A special stando� was developed to make it easy for the
inspector to position the sensor at the correct height over the sealant bead.   Inspectors were able to make each
measurement within a couple of seconds and the in or out-of-spec condition was shown by a color-coded
GO/NO-GO indicator.   

Using the LaserGauge® HS702 sensor, the manufacturer was able to quickly identify if the amount of the sealant
was su�icient to prevent water leaks and to monitor the condition of the application equipment.  

LMI Corporation
810-714-5811

www.lmicorporation.com
sales@lmicorporation.com

 
 
 
 
 
 
 

Package Testing with the LD Series
Lloyd Instruments o�ers the powerful and advanced LD Series
of materials testers that includes five dual column testers
ideally suited to test a full range of packaging materials from 5
to 100 kN whether paper, plastic, textile, or metal based.

Whether evaluating raw materials or new container designs,
through monitoring the production process to quality testing
finished articles, thorough testing at various stages eliminates
potentially disastrous product contamination in storage,
transport and use.

With a full 452 mm space between the columns and a
crosshead travel up to 1070 mm, the LD Series features an
extra large work area o�ering the flexibility for complex testing
of small as well as large and odd shaped samples on the same
machine.

The LD Series are designed for ease of use. They help automate testing, reduce costs and save time. A CANBUS
interface provides fast, accurate communication between the test machine and add-on accessories such as
extensometers and temperature chambers.

The LD Series are supplied with the NEXYGENPlus analysis so�ware, which makes advanced analysis and
reporting quick and simple to perform. An extensive library of pre-programmed test setups ensures error-free
testing, while built-in wizards guide users through advanced customized test setups. Test results can be
automatically exported directly into Microso� Word or Excel.

With their rugged design, the LD Series are built for long life and reliable operation. An advanced electrical design
with a modern AC drive and preloaded ball screws ensure better speed and displacement accuracy. High sti�ness
frames help prevent frame deflection and crosshead movement.

www.ametektest.com
test.sales@ametek.com

Tel: +1-727-536-7831

Made to Measure Custom
Solutions for High-Volume
Inspections
Made To Measure is a leading quality inspection
laboratory providing metrology equipment and services
to companies throughout North America. We have the
most comprehensive o�ering in the industry ranging
from dimensional inspection, programming and reverse
engineering to CMM service, CMM equipment and
metrology training. We can support any company no
matter their level of metrology proficiency, from small
scale manufacturers to advanced quality departments.
Our team of highly-experienced metrologists are
AUKOM-certified, trained in all aspects of dimensional
inspection, and are proficient at finding custom
solutions! In fact, finding custom solutions is what we do
best!

While our typical project calls for us to inspect anywhere from one to a few dozen parts at a time, recently a client
asked us to take on a high-volume inspection project requiring us to measure and sort 60,000 of the same large
part! To keep the inspection price down and the lead-time short, we designed & built custom multi-part fixtures
and created specialized measurement programs for several CMMs and Renishaw Equators. To get the most
e�iciency during inspection, the fixture plates were designed to hold 12 parts at a time allowing our CMMs to
measure multiple parts in a cycle. This innovative approach dramatically increased our inspection output and
significantly reduced our lead-time, providing our customer with considerable savings.   

From dimensional inspection, CMM programming, custom fixture designs & more, we’ve got you covered. We
specialize in creating custom metrology solutions for challenging inspection projects! Learn more about our
services at www.madetomeasurecmm.com/cmm-services or contact us today to discuss your project.    
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COMPUT ED TOMOGRAPHYNDT

   BY UDO DE VRIES

Industrial CT:
3D Inspection and Metrology for 3D Printing

CT INSPECTION OF THE FINAL PART CAN CHECK THAT THE
MANUFACTURED PART EXACTLY MATCHES THE INITIAL 3D

DESIGN, PROVIDING DIMENSIONAL ANALYSIS AND
METROLOGY OF ALL CRITICAL INTERNAL DIMENSIONS.

Additive manufacturing (AM) probably represents the greatest paradigm shi� in engineering manufacture since
casting and the development of machine tools. 3D printing has allowed great strides to be made in parts design,
rapid prototyping, and the production of complex components with integrated functions, which hitherto
necessitated manufacture in separate machined parts. However, quality control and metrology are of supreme
importance in this innovative technology, especially in those regulated industries where optimum functional
performance and safety must be guaranteed. These tasks are precisely suited to 3D inspection and metrology in
the form of industrial computed tomography (CT).

WHAT IS INDUSTRIAL COMPUTED TOMOGRAPHY?
Industrial CT relies on the acquisition of a large number of 2D X-ray images and then reconstructing these to
produce a 3D volume. In operation, this is achieved by placing the object to be scanned on a precision turntable
within a closed cabinet and then subjecting the object to radiation from a high-power source of radiation. The
object is rotated through 360° in small increments during this process. Radiation is absorbed by the object so that
discrete 2D images are captured by a suitable detector. This 2D data is then volumetrically reconstructed,
mathematically, to produce the CT volume.

FAN BEAM VS CONE BEAM
There are, traditionally, two techniques used industrially to carry out high-energy computed tomography on
di�icult to penetrate samples such as automotive large light metal castings or aerospace turbine blades. Both
use the principles set out above, but they di�er in the way that the beam of radiation is directed through the
workpiece and the way that the data is detected.

Fan beam CT radiographs thin slices of the workpiece as it is rotated and moved linearly in discrete steps through
the X-ray beam. The 2D radiography slices are detected by a collimated line detector and the individual slices are
then reconstructed and combined to provide the full 3D volume. For a long time, this was the method of choice
for high absorbing metal parts causing a lot of artifacts due to scattered radiation.

Cone beam CT uses a flat panel detector which completely captures the workpiece as it is rotated. The
radiographic data is also reconstructed and combined to provide the 3D volume. As there is no need to step the
sample through many discrete steps, all data is collected in just one rotation, hence cone beam radiography is
much faster than fan beam CT - but less precise due to scatter radiation artifacts.

Fig.1 Cone Beam CT (le�) and Fan Beam CT (right)

MEETING THE INSPECTION AND METROLOGY CHALLENGES OF ADDITIVE
MANUFACTURING WITH CT
Simply stated, additive manufacturing uses modelling so�ware to design and then produce physical three-
dimensional parts by adding layer a�er layer of material. (This is the opposite of subtractive manufacturing,
where material is machined out of a solid material to produce the designed part). There are various AM
technologies and broadly, they can be stated as:

1.     Sintering where metal or powder is heated by laser without being liquefied.

2.     Melting of metal powders by laser or electron beam.

3.     Stereolithography, where an ultraviolet laser is used on photopolymer resin.

Computed tomography can be used with all of these techniques at all stages of the additive manufacture, from
the quality control of raw material to metrology of the finished part.

GETTING THE RIGHT POWDER
High resolution nanofocus CT imaging can be used to ensure powder consistency, such as the uniformity of
particle size or shape and to analyze porosity and detect any foreign materials. Powder particles are very small,
from a few micrometers to tens of microns. The size distribution of individual powder particles influences how
the powder is compacted and a�ects the density of the build and can create visible defects later in the AM
process. High resolution nanofocus CT allows detailed analysis of particle shape, size and volume distribution
and this can help to determine the correct process parameters.

Fig 2 NanoCT Powder Characterization of a Titanium aluminide SLM capsule with nominal grain size 40-90 μm: automated colored particle size
segmentation.

GETTING THE PROCESS RIGHT
CT can be used to identify any flaws which occurred during the layering process. The quality of powder and how
it is spread during the build process could cause voids or material impurity within the structure. The shape, size
and position of voids and flaws can be significantly a�ected by thermal stress in any subsequent heat treatment.
Although the part may be in tolerance immediately post-build, any flaws can introduce significant distortion a�er
heat treatment and part removal from the build plate. CT scans reveal size, location and distribution of flaws and
help to optimize printing processes.

PRECISE METROLOGY OF THE FINISHED PART
CT inspection of the final part can check that the manufactured part exactly matches the initial 3D design,
providing dimensional analysis and metrology of all critical internal dimensions, wall thicknesses and other
features that may be di�icult or impossible to measure with traditional nondestructive methods. Fig. 3 compares
the 3D CT result of the as-built component to the as-designed CAD model to view color coded variation mapping.
Latest high precision CT scanner reach reliable measurement accuracy of just a few micrometers.

Fig 3. Nominal / actual comparison of an additive manufactured aerospace reaction wheel bracket (DMRC / Volume Graphics)

GETTING THE PROCESS RIGHT
CT can be used to identify any flaws which occurred during the layering process. The quality of powder and how
it is spread during the build process could cause voids or material impurity within the structure. The shape, size
and position of voids and flaws can be significantly a�ected by thermal stress in any subsequent heat treatment.
Although the part may be in tolerance immediately post-build, any flaws can introduce significant distortion a�er
heat treatment and part removal from the build plate. CT scans reveal size, location and distribution of flaws and
help to optimize printing processes.

PRECISE METROLOGY OF THE FINISHED PART
CT inspection of the final part can check that the manufactured part exactly matches the initial 3D design,
providing dimensional analysis and metrology of all critical internal dimensions, wall thicknesses and other
features that may be di�icult or impossible to measure with traditional nondestructive methods. Fig. 3 compares
the 3D CT result of the as-built component to the as-designed CAD model to view color coded variation mapping.
Latest high precision CT scanner reach reliable measurement accuracy of just a few micrometers.

Fig. 4 A precision tomography machine

Perhaps the most important recent innovation has been the development of scatter correction, which allows
high throughput cone beam scanning to be carried at a quality fast approaching that of fan beam scanning (see
Fig. 1).

Due to scanning just one line per rotation, fan beam CT results are not a�ected by scatter radiation artifacts.

Cone beam CT is much faster since it uses a flat panel detector to take all required 2D X-ray projections necessary
to reconstruct the CT volume in just one rotation. However, cone beam scanning is subject to X-ray scatter. X-ray
scatter is caused by spurious X-rays, reflected from objects, such as walls, or deflected inside the X-rayed sample,
which are outside the X-ray source–detector path, impinging on the detector and negatively impacting the CT
quality by scatter artifacts.

The scatter correct technology is a proprietary combination of hardware- and so�ware advances. Unlike former
scatter reduction technology, which simulates scatter based on CAD data or the material properties of a
workpiece, the new scatter correction technology really measures the scatter portion of the specific workpiece
in the scanner and then digitally minimizes this from the CT result for every individual voxel. The application of
scatter correct technology can reduce scan times from hours to minutes, compared with fan beam scanning.

Fig. 5 Comparison between scatter-corrected and conventional scans

In operation, two scans are performed by using proprietary scatter correct hardware. The so�ware quickly
compares the two CT volumes and automatically removes the artifacts caused by scatter radiation. This
technological advancement provides image quality similar to that achieved with fan beam scanning but at
speeds up to 100 times faster.

Filter technology is also available to mitigate the e�ects of beam hardening, which occurs when an X-ray beam is
selectively attenuated when it passes through di�ering adjacent densities in the object being scanned, causing
streaking of the X-ray image.

Other innovations which are helping to improve the e�icacy of CT in additive manufacture include new detectors
which provide high resolution images for easy detection of subtle indications and CT scanning so�ware, which
includes all necessary processing functions for control and calibration of the tomography system, acquisition of
projection data, fast and optimized reconstruction of volumes, generation of geometrically correct surface data
of the scanned object, and the execution of measurements with suitable so�ware packages. In addition, high X-
ray power can now be focused on a smaller focal spot to achieve doubled resolution imaging or doubled
scanning throughput.

LOOKING TO THE FUTURE
Additive manufacturing is still an evolving technology. It began as an idea in the 1980s and was first used to
create parts from photopolymers using UV light. Various AM technologies have since emerged, allowing 3D
printing to be used for metals as well as plastics. AM started with rapid prototyping, allowing the realization of
complex designs of special parts and short runs of obsolete products. Today, it has reached the production floor,
especially in the aerospace industry, allowing the creation of parts with an internal complexity never reached
before. It takes no great leap of the imagination to see the technology eventually being used also in automotive,
medical and production lines everywhere.

Computed tomography has kept pace with the developments in AM and already o�ers in-line machines which
can be paired with automated robot loading to allow 100% inspection on the production floor.

Fig. 6 High power CT systems enable even scanning of large and high absorbing AM parts with comparatively high throughput.

AM is also developing techniques to build larger parts and parts which use a mixture of metals of di�erent
densities. Inspection of these requires high power.

CONCLUSIONS
As additive manufacturing continues to grow in many industrial sectors, especially aerospace and automotive,
industrial computed tomography (CT) will grow with it meeting the inspection and quality control challenges of
today – and tomorrow.

Photo Source: © Waygate Technologies

Udo de Vries is Growth & Strategy Leader IXS at Waygate Technologies, a Baker Hughes business
(formerly GE Inspection Technologies). For more information, email udo.devries@bakerhughes.com or
visit www.waygate-tech.com. 
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CERTIFICATIONNDT

   BY DAVID J. VIGNE

Nondestructive Testing
Certification Programs Today

THE NEED TO FORMALIZE THE
QUALIFICATION OF NDT PRACTITIONERS

GRADUALLY BECAME APPARENT.

One of the first requirements for the performance of
nondestructive testing (NDT) arose when visual
inspections were mandated following fatalities from
a boiler explosion in the late 1800s.

Around this same time, X-rays were discovered and
as their uses in NDT evolved, so did the development
of the liquid penetrant method (railroads using oil &
whiting at first) in the 1920s followed by initial
developments of eddy current and magnetic particle
testing in the 1930s and ultrasonics in the early
1940s.

These practices blossomed during the progression
of the new industrial revolutions and the need to
formalize the qualification of NDT practitioners
gradually became apparent.

The American Industrial Radium and X-ray Society
was founded in 1941 and as the NDT industry
matured became the Society of Nondestructive
Testing in the early 1960s and eventually the
American Society of Nondestructive Testing (ASNT)
that we know today. Similar societies in the United
Kingdom, Europe, Japan and elsewhere were
formed in the 1950s and beyond. Today there are
forty-four such societies around the globe.

Level II radiographer places X-ray film on aircra� fuselage.

ASNT published Recommended Practice SNT-TC-1A in 1966 to address NDT personnel qualification and
certification requirements. The document consisted of five pages and identified five NDT methods: magnetic
particle testing (MT), liquid penetrant testing (PT), radiographic testing (RT), ultrasonic testing (UT) and eddy
current testing (ET).

Comparable documents were developed for specific industries concurrently. MIL-STD-410A was published in
1962 for U.S. military applications and progressed through Revision E (2001) until eventually being replaced by
NAS-410. ATA-105 came out in 1990 for NDT personnel in the airline industry. Similar documents were developed
by other industries and specific additional requirements were then, and still are, specified in various codes and
standards for NDT Personnel Certification.

With a few notable exceptions (e.g., NAVSEA, AWS-CWI, ASME Section XI PDI), most NDT certification systems in
the United States are employer-based programs. This means that each employer develops a written practice
meeting the requirements of a Recommended Practice such as SNT-TC-1A to qualify and certify their employees.
Once a certified individual terminates employment with this company his/her certification expires and they are
required to meet all of the certification requirements of the next company they work for. These employer-based
programs are subject to audit and approval by the clients of the company and/or various regulatory agencies.

Employees certified under employer-based programs may
be given credit for having passed some of the third-party
examinations (such as the ASNT Level III Basic and Method
exams) but the employer typically develops their own
general, specific, and practical examinations based on their
procedures and work practices. Employers who do not have
in-house Level III personnel may elect to contract level III
services from an approved outside agency; however, the
employer always remains responsible for the certification of
their personnel.

Most other countries around the world adopted the central
certification program concept. NDT personnel there go to a
certification entity which administers product or industry
sector-based examinations and issues a third-party
certification. These certifications are portable, meaning that
the employee can take these from employer to employer
without the need to recertify each time they switch
employers. Some countries have their own specific system,
but many jurisdictions accept certifications based on
international standards like EN-473 and/or ISO 9712. ISO
9712 includes many of the same NDT methods found in SNT-
TC-1A (listed below) but there are some di�erences (e.g.,
strain gauge testing is a method listed in ISO 9712).

Gamma source projector set up for radiographic exposure on pipe
weld.

ASNT introduced the ASNT Central Certification Program (ACCP) in 1997 to address the needs of employers and
individuals in the U.S. who needed third party certification. The program was written to meet the international
requirements of that time - EN 473 and ISO 9712. EN-473 was ultimately entirely replaced by ISO 9712 and ASNT
has continuously revised their program documents to keep up with the new revisions of ISO 9712.

In doing so, ASNT initially utilized the provisions of ISO Guide 21, which is a document that describes the methods
of reconciliation of a specific nation’s requirements to allow for some variances from verbatim compliance to ISO
9712. Certain factions of the international NDT community do not accept programs that have been developed
using Guide 21. ASNT therefore has committed to publish their new, fully compliant to ISO 9712, ACCP program
which is scheduled for release in 2021.

ACCP Level II and Level III examinations are currently o�ered in:

1.     Magnetic Particle Testing (MT)

2.     Liquid Penetrant Testing (PT)

3.     Radiographic Testing (RT)

4.     Ultrasonic Testing (UT)

5.     Visual Testing (VT)

The ACCP program includes practical examinations and requires development of a work instruction (Level II) or a
procedure (Level III).

Note: NDT Level II Certificates are also o�ered in the above methods. Candidates must pass these same ACCP
general and specific examinations and would then take their employer’s practical examination.

In addition to the ACCP Program, ASNT maintains its world renowned and long-standing NDT Level III certificate
program, the NDT Level II certificate program mentioned above, and has most recently introduced the Industry
Sector Qualification Program (ISQ), which is a practical performance demonstration for the oil & gas industry.
Unlike the ACCP third-party certification program, these certificate programs are intended to supplement the
applicable certification program as an added endorsement.

When first introduced in 1977 ASNT NDT certificates were o�ered in seven methods, but as the industry
advanced, examinations in additional methods were developed.

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.

Currently ASNT administers NDT Level III examinations in ten of the 16 methods referenced in SNT-TC-1A.

They are:

1.     Acoustic Emission Testing (AE)

2.     Electromagnetic Testing (ET)

3.     Infrared Testing (IR)

4.     Leak Testing (LT)

5.     Magnetic Particle Testing (MT)

6.     Magnetic Flux Leakage (MFL)

7.     Liquid Penetrant Testing (PT)

8.     Radiographic Testing (RT)

9.     Ultrasonic Testing (UT)

10.     Visual Testing (VT)

In order to be awarded a certificate in one of the above methods, candidates must also pass a written Basic
Examination covering the various certification program requirements, material, fabrication and production
technology and general familiarity of other NDT methods.

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: National Inspection & Consultants Inc. (NIC)

David J. Vigne of National Inspection & Consultants Inc. (NIC). For more information,
call (239) 939-4313, email Dave.vigne@iss-na.com or visit www.nicinc.com.
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ULTRASONICSNDT

THE CRITICAL ROLE
OF

IN ADVANCING ADDITIVE
MANUFACTURING

ULTRASOUND
FOR INDUSTRIAL
APPLICATIONSINSPECTION PLAYS A CRITICAL ROLE DURING ALL PHASES

OF PRODUCT DEVELOPMENT AND IMPLEMENTATION,
MAKING UT METHODS AN ENABLING TECHNOLOGY FOR

NEW AM APPLICATIONS.
 

BY DEBORAH HOPKINS

The rapid increase in the use and interest in additive manufacturing (AM) is well documented and spans both the
public and private sectors. Although AM already plays a significant role in product design and prototyping,
advancing the methodology for industrial applications depends on reliable inspection technology, particularly
for safety-critical parts and structures.

The increasing use and interest in AM for industrial applications is being driven by potential benefits that include
the possibility to customize parts and reduce weight. For most AM products, however, there is usually little
experience with how these structures perform in practice versus their conventional counterparts. This
uncertainty for both manufacturing and in-service monitoring creates barriers that impede adoption of AM for
manufacturing applications and challenges for in-service monitoring. Overcoming these barriers requires
rigorous testing under realistic conditions. Inspection methods such as computed tomography (CT) are used,
particularly during development stages, but most are impractical or too expensive for large-scale industrial
manufacturing compared to ultrasonic (UT) methods.

Inspection plays a critical role during all phases of product development and implementation, making UT
methods an enabling technology for new AM applications. Although UT methods are routinely used for
inspection of traditional materials and structures, AM creates significant new challenges. UT’s roles include
material evaluation, testing of structures under development, in-service evaluation and long-term monitoring.
During the development phase, new materials must be thoroughly evaluated for material homogeneity, porosity,
ease of use and any other properties that could a�ect strength or longevity. Critical structural testing must
include evaluation of joints under realistic loading conditions, including identification of potential flaws and
defects. In-use and long-term monitoring must be able to identify not only flaws and defects, but also material
degradation that could a�ect performance and/or lead to initiation of defects.

Some of the challenges in developing AM inspection protocols is the wide range of materials used combined with
the large number of production methods in use and under development. Each material and inspection method
must be fully understood and tested, together with their interaction with processing variables. A critical element
of the testing is detection and analysis of the flaws and defects encountered. Sophisticated modeling and
simulation tools have an essential role to play, but the complexity of AM processes along with the large number
of process parameters and production variables significantly increases the modeling challenge.

Developing new AM applications for metals and composites requires both research and experience to determine
best practices, including exploration of potential feedstock materials and processing methods. This can,

however, be a significant challenge given issues that complicate both metrology and inspection1. To provide the
vital information that industry needs requires detailed knowledge of feedstock materials, metallurgical behavior,
manufacturing processes, microstructures and material properties, as well as the relationship between these

factors2.

Production methods in use or under study include direct-energy deposition; electron-beam methods; laser
energy; and wire-arc melting. Balasubramanian and Senthilkumar report that it is currently possible to reliably
manufacture dense parts with certain AM processes for many materials including steels; aluminum and titanium

alloys; super alloys; metal-based composites; and ceramic-matrix composites3.

Composite materials present unique challenges for ultrasonic inspection that arise from layered materials,
complex shapes, rough surfaces, part-to-part variability, and a wide range of potential flaws and defects. The
pictures displayed in Figure 1 are examples that illustrate the diverse range of shapes, thicknesses, surface
conditions, and part variability encountered in production of traditional composite parts. AM of similar parts will
face the same challenges.

Figure 1.  Examples of industrial composite parts produced with conventional manufacturing technology versus AM. Photographs courtesy of Michel Brassard, TD
NDE and BERCLI R&D.

Developing reliable inspection methods is crucial for greater use of AM for metals. Production methods in use or
under study include direct-energy deposition; electron-beam methods; laser energy; and wire-arc melting. One
of the most widely used technologies to additively build 3D metal parts is powder-based fusion (PDF). The PDF
process uses a laser or an electron beam to sinter, melt and fuse the powder particles as it traces the part. Other
technologies that operate on this principle include Selective Laser Melting (SLM), Electron Beam Melting (EBM),
Selective Heat Sintering (SHS), Selective Laser Sintering (SLS) and Direct Metal Laser Sintering (DMLS).

A complex part produced by Xometry from an aluminum alloy is shown in Figure 2. The pump-manifold housing
was printed by DMSL, in contrast to investment casting that would typically be used. In this case, the benefits of
AM include a reduction in the lead time of six weeks and a higher density than casting. The increased density is

particularly significant because it means that no secondary sealing is required in the channels4.

Figure 2. 3D-printed pump manifold made by Xometry from an aluminum alloy by direct-metal-laser sintering (DMLS). Photograph courtesy of Xometry.

Terry Wohlers reports that ensuring quality for metal PDF requires removing any remaining powder; cutting and
grinding away support structures; controlling process dri� and thermal distortion; and going through a stress-

relief heating cycle5. Additional steps usually include CNC machining and other finishing work. According to
Wohlers, most post-processing operations today are manual and o�en require skilled operators making

automation extremely compelling6.

Wire-arc additive manufacturing (WAAM) is one of the oldest and most advanced methods for AM of metals. It is
attractive for many industrial applications because it has been shown to be economically and technically feasible
for large metal parts with su�iciently low complexity. WAAM processes build up parts through the deposition of
weld beads with the downside that most resulting parts have rough surface finishes and require post

processing7.

Another issue with WAAM is the potential for uneven heating and/or excessive heat buildup that can result in
remelting in lower layers. Research has also shown that the lead angle of the welding torch is another factor that

can a�ect the uniformity of the deposited track8.

WAAM is possible with many di�erent materials, but aluminum is of particular interest because of its light weight,
resistance to corrosion and the ability to customize and fabricate large parts. Optimization of WAAM is an active
area of research that includes evaluation of the e�ects of di�erent methods and process variables on mechanical
properties and residual stress.

As described above, one of the challenges in developing inspection methods for AM is the large number of
processing technologies in use or under development. UT techniques can go a long way toward addressing some
of these challenges. Phased-array technology has tremendous advantages over conventional UT for many
autonomous and in-service applications because of the ability to perform electronic focusing, scanning, and
beam steering. These features can significantly reduce inspection times and costs, while improving the accuracy
of the measurements.

One of the latest advancements in phased-array technology is surface-adaptive acquisition, in which the shape of
the structure is measured as part of the inspection, allowing focal laws to be applied in so�ware to adjust the
ultrasonic beam to account for the shape of the part and optimize the beam at each measurement location.

Surface-adaptive technology contributes to cost reductions by lessening positioning sensitivity and thus labor
costs, while alleviating the problems of complex geometry and part-to-part variability. The technology is
extremely well suited to automation, which increases inspection speeds, while minimizing inspection times and
the expenses associated with part handling. Because surface-adaptive techniques also optimize the UT beam

position, it improves the accuracy of defect detection and sizing9. It also reduces or eliminates the need for
multiple probes, while also enabling the use of flat matrix arrays rather than expensive shaped probes. Probe
costs are further reduced because shaped arrays are limited to parts with the same curvature.

For more than a decade, fully automated surface-adaptive UT has been successfully used for inspection of

aerospace structures made from aluminum and composite materials10. The remaining challenges include
adapting UT techniques as necessary to meet the challenges posed by AM, while also meeting requirements for
speed, accuracy, defect detection and ease of use.

These requirements have been met for inspection of conventional composite parts at aerospace facilities. Figure
3 shows a fully automated inspection station that integrates a phased-array probe and surface-adaptive
acquisition (le�-hand photograph) with a vision system, part handling robots, scanners and all necessary
equipment (le�-hand schematic drawing) to allow inspection of a wide variety of composite parts.

Figure 3. Versatile fully automated inspection station that integrates a phased-array probe and surface-adaptive acquisition (left-hand photograph) with a vision
system and robotics (left-hand schematic drawing) to allow inspection of a wide variety of composite parts. Photograph and drawing courtesy of Michel Brassard,
TD NDE.

Figure 4 shows an industrial composite part with a flat section at the top that curves downward to another
relatively flat section. The part contained embedded defects in the radius and was inspected with a matrix array,
both with and without surface-adaptive acquisition. The close-up phased-array images shown in the figure are
for the flat section at the top of the part and the adjoining radius. The first two images were obtained without
using surface-adaptive acquisition and the results were unacceptable because of the dark areas and failure to
clearly image the defects. As is visible in the two bottom images, surface-adaptive acquisition provided improved
resolution and acceptable defect identification.

Figure 4. Photograph of an industrial composite part with arti�cial defects embedded in the radius. The following phased-array images of the �at section at the top
of the part and the radius show the results without (top images) and with (bottom images) the use of surface-adaptive UT scanning. Photograph and images courtesy
of Michel Brassard, TD NDE and BERCLI R&D.

As described above, a challenge with WAAM that hampers adoption of wire-arc methods the is the resulting
surface roughness. In most cases, smoothing the surface is cost and time prohibitive. Recent research examined

the feasibility of using phased-array UT to inspect aluminum specimens with varying degrees of roughness11.
Simulations confirmed with experimental results showed that phased-array UT was able to detect and
characterize defects, including their size, morphology and location for a maximum of 89.6 μm average
“waviness.” Defects ranging from 2 to 5 mm were characterized in size and depth. In addition, the experimental
results were consistent with simulations. These preliminary results represent an essential step for the
development of an NDT system for inspecting WAAM parts.

To reach their full potential in existing and new markets including aerospace, defense and manufacturing, AM
inspection methods must be able to ensure quality. The bottom line is that inspection has a critical role to play
during all phases of product development, implementation and long-term monitoring. A tremendous advantage
of the UT techniques described here is that they improve overall production e�iciency by permitting real-time
inspection, analysis, and data visualization. Maximum e�iciency is achieved when the lessons learned can be
used to develop protocols across key industries. For inspection to be viable for new applications it must be cost
e�ective. That argues for minimizing post processing and integrating inspection with other processing steps. The
ultimate goal is to fully understand and characterize the types of flaws and defects that occur, the conditions that
lead to imperfections, and their impact on quality over the lifespan of the product.

1 T. Wohler, https://wohlersassociates.com.

2 V. Senthilkumar, C. Velmurugan, K. R. Balasubramanian and M. Kumaran, Additive Manufacturing of Multi-Material and Composite Parts,  Additive Manufacturing
Applications for Metals and Composites, 2020, https://www.igi-global.com/chapter/additive-manufacturing-of-multi-material-and-composite-parts/258181.

3 https://make.3dexperience.3ds.com/processes/powder-bed-fusion

4 https://www.xometry.com

5 T. Wohler, https://wohlersassociates.com.

6 https://amfg.ai/2019/10/08/10-of-the-biggest-challenges-in-scaling-additive-manufacturing-for-production-expert-roundup.

7 Precision Metal Additive Manufacturing, R. Leach and S. Carmignato eds., CRC Press, 2020.

8 T. Hauser, A. Da Silva, R.T. Reisch, J. Volpp, T. Kamps, A. F.H. Kaplan, Fluctuation E�ects in Wire Arc Additive Manufacturing of Aluminum Analsed by
High-Speed Imaging, J. of Manufacturing Process, V. 56, Part A, 2020, pp. 1088-1098, https://doi.org/10.1016/j.jmapro.2020.05.03 .

9 D. Hopkins, M. Datuin, M. Brassard, Challenges and Solutions for Ultrasonic Phased-Array Inspection of Polymer-Matrix Composites at Production Rates,
AIPConference Proceedings, 2019, 2102 100002 10.1063/1.5099830.2.

10 M. Brassard, D. Hopkins, and J. N. Noiret, Robotics and Surface-Adaptive Ultrasound for Fully Automated Inspection of Composites, JEC CompositesMagazine,
50(83:68-73, 2013.

11 A. Lopez, R. Bacelar, I. Pires, T. G. Santos, J. P. Sousa and L. Quintino, Non-Destructive Testing Application of Radiography and Ultrasound for Wire and Arc Additive
Manufacturing, Additive Manufacturing, 21, 298-306, Science Direct, 2018,  www.elsevier.com/lo cate/addma.

Deborah Hopkins, BERCLI. For more information, email deborah@bercli.net.
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Do for Me?
Eddy Current Testing

What Can

THIS VERSATILE TOOL CAN BE USED TO SOLVE

OR PREVENT MATERIAL WITH PROPERTY ISSUES

FROM LEAVING A MANUFACTURING FACILITY.

By Dean A. Isbell

Since the development of eddy current testing in the early to mid-1900s this method has been used to detect
defects and properties of many types of metals. The most common applications are testing tubular products for
transverse defects, testing bar or wire products for longitudinal surface defects, and testing parts for defects and
properties such as hardness. Eddy current testing is also widely used in the aerospace industry to detect defects
and anomalies in both new manufacturing and in-service inspection roles. This article will focus on eddy current
technology and its use in the tubing, wire and parts industries.

MultiMac® eddy current screen display of signals
illustrating signal “noise”, usually from vibration or
similar extraneous sources, and a defect.

Modern eddy current test systems use computer driven interfaces to display the test parameters and resultant
signals as well as to allow storing and changing test parameters. Coupled with those testers are a wide variety of
test coils and probes as well as the fixtures that hold and position them. Additionally, mechanical systems for
driving, handling, guiding and sorting all manner of materials from small ball bearings to large diameter tubing
and barstock have been designed.

PRINCIPLES OF EDDY CURRENT TESTING
Eddy current testing uses an electromagnetic field that is set up by passing an alternating current through a coil
of wire. When that coil is placed near an electrically conductive object, such as metal, the electromagnetic field
in the coil is disturbed or changed. Changes in the object or the distance of the coil from the object can be
measured. It is these changes that are detected. Eddy current testing in most cases allows for 100% testing of the
material at relatively high throughput speeds without the need to touch or damage the material under test.

An eddy current encircling coil, mounted in a coil
platform for testing stainless steel tube. The white
bushing helps position the incoming tube to ensure the
accurate test.

Eddy currents will penetrate into the material, and surface and sub-surface defects can be detected. This
penetration is based primarily on the permeability and conductivity of the material to be tested along with the
selected test frequency applied to the test coil. In most cases, the permeability and conductivity of the material
under test is defined by the metallurgy of the material, leaving the eddy current test frequency as the primary
variable that can be adjusted. Increasing the test frequency will decrease the penetration and conversely,
lowering the test frequency increases the depth of penetration. Testing of tubular goods normally requires
penetration to the ID surface, while testing of cold drawn steel bars is o�en performed as a surface test. The
ability to control the frequency setting allows modern eddy current test equipment to be versatile, working in
many applications.

For defect testing of long cylindrical metallic products, such as tube, pipe, wire or rod, a di�erential encircling
coil arrangement may be used, whereby two coils, wound in opposite directions, are placed adjacent to each
other. The two coils are balanced together providing a null output when homogeneous material is in the field of
both coils. As the product passes through the di�erential coils, a defect will cause a signal in the first coil and
then an opposite signal in the second coil. These signals are detected, processed and reported to the operator via
displays, bar graphs, lights, horns, buzzers, etc. Typical defects that may be detected with a di�erential encircling
coil eddy current test include scabs, slivers, inclusions and short cracks. Other coil configurations for di�erent
applications are o�en used, including absolute coil arrangements where only one secondary coil, balanced
against an internal, electronic reference is used, allowing for detection of some longer continuous defects such
as open welds.

An encircling coil eddy current test on high frequency
welded, drawn tubes in a mill in Thailand.

FERROUS METALS
The basic test coil arrangements discussed above work well for non-ferrous materials such as copper and
aluminum but need some help when testing ferrous materials such as carbon steel. Un-magnetized ferrous
materials have randomly oriented magnetic domains within their structure. The eddy currents will flow around
those domains but the resulting signal will be noisy. To counter this, magnetic saturation systems are required to
magnetize the part under test which allows for smoother flow of the eddy current resulting in quieter test signals.
Magnetic saturation can be accomplished with either permanent magnets or electromagnets. The proper choice
of saturation system will depend on the material under test as well as the diameter and wall thickness for tubular
goods.

MultiMac® eddy current screen display of signals from the
unfinned “land” and a hole in the finned portion of a
copper tube destined for heat exchangers.

HEAT EXCHANGER TUBE
Products such as heat exchangers are
manufactured using many tubes mounted in a
series of tube sheets. Because these tubes are
built into the vessel, there is no access to test
them from the outside diameter. In these
cases, inside diameter (ID) probes are used to
test the tubes from the inside out. This type of
test is common for new vessels (baseline
testing), during periodic preventive
maintenance (PM) of the vessel and/or to find
broken or damaged tubes a�er a failure. Eddy
current tests are also very e�ective for
detecting defects in fin tube during production
where, using filters and phasing, the eddy
current instrument test parameters can be set
up to clearly di�erentiate between the
unfinned “land” and the finned portion of the
tube.

TESTING BAR & WIRE
Detection of long continuous surface defects (such as seams) that are typical of bar or wire products is
accomplished by using probes that are spun around the material as the product is passed through. This type of
test, known as a rotary eddy current test, creates a spiral inspection pattern, similar to a barber pole, known as
the helical pitch of inspection (HPI). The helical pitch is determined by the number of probes used, the rotary
speed (RPM) and the speed at which the material is passing through the rotary. Increasing the RPM and/or
number of probes, or reducing the material feed speed will lessen the HPI, allowing shorter defects to be
detected.

Cold drawn and hot rolled bars are o�en tested using both rotary and encircling coil test systems. This tandem
approach takes advantage of the encircling coil’s ability to detect short, transverse types of defects such as scabs
and inclusions along with the rotary’s ability to detect long continuous types of defects such as seams.

An eddy current system that uses both an encircling test coil and a rotating probe rotary to test SBQ (Special
Bar Quality) steel bar for the construction, automotive, and fastener industries. They are shown in the o�-line
position.

TESTING PARTS
Small parts are o�en tested by spinning the part past a probe or series of probes, similar to rotary eddy current
testing. One example is an inspection system that uses a series of probes to test for defects in large bearing races
for critical application bearings. Another adaptation is the rotary inside diameter (RID) test method that uses
spinning probes that test the inside diameter of a part. An example of this is the small spinning rotary probes that
are used to inspect fastener holes for cracks in the aerospace industry.

COMPARATORS
Beyond the defect detection capabilities of
eddy current testing, there are eddy current
comparator systems that are used to test for
material properties. These systems can use
both encircling coils and/or probes to detect
di�erences in a part’s material properties.
Applications include something as simple as
mounting an eddy current comparator into a
test line to check that the material is the
expected grade (grade verification). This is
done for both tubular and bar types of
materials. With smaller parts, such as fasteners
or bearings, it is common to test the individual
pieces, providing assurance that all the parts
are within the specified hardness range. In
another example, automotive intake and
exhaust valve stems are o�en tested for
hardness using a probe or a series of probes. In
this case the valve stem is passed by the
comparator probe and the comparator
provides an almost instant go/no-go result.

An eddy current comparator screen shows test signals for above,
below and acceptable di�erent length small parts.

Eddy current comparators typically run with test frequencies in the 1kHz to 100kHz or higher range at a fairly low
power level. Electromagnetic comparators run at much lower frequencies (60Hz to 1kHz) and much higher
power. These units are used with magnetic materials and are much more sensitive to material properties such as
hardness and case depth. Electromagnetic comparators are frequently mounted in-line on a mill for grade
verification. In other applications they are used to test large threaded studs for proper hardness.

Both the eddy current and electromagnetic comparators are versatile tools that can be used to solve or prevent
material with property issues from leaving a manufacturing facility. Tandem systems that include encircling coil
eddy current, rotary eddy current or other test methods such as ultrasonic rotaries o�en will require a
comparator for grade verification.

HIGH SPEED EDDY CURRENT TESTING
Eddy current testing is o�en used in high speed applications such as both hot and ambient temperature wire
testing. While it is o�en di�icult or impossible to mark or locate an individual defect with material travelling at
thousands of feet per minute, grading systems are used to count the levels of the individual defects and group
them by severity, providing outputs and reports based on the count of each level of defect.

EDDY CURRENT TESTING FOR CRITICAL APPLICATIONS
Eddy current continues to be an important technology for inspecting metal products for today’s critical
applications including for medical implant wires, umbilical tube for o� shore installations, and high quality
fasteners for aerospace.

Perhaps instead of asking “What can eddy current testing do for me?”, the better question is “How can I use eddy
current testing to improve my product?”

Image source: Magnetic Analysis

Dean A. Isbell is a business development manager at Magnetic Analysis Corp. and an ASNT NDT
Level III - Ultrasonics and Eddy Current. For more information, email info@mac-ndt.com.
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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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mailto:sales@leebhardnesstesters.com?Subject=undefined
https://www.leebhardnesstesters.com/
https://www.cimetrixltd.com/
https://www.qualitymag.com/directories/5026-ndt-sourcebook/listing/7702-cimetrix-ltd


Buyers Guide Premium 
Sponsorships

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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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

Click Here
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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

Click Here
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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

Click Here
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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

Click Here
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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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