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FROM THE EDITOR  |    DARRYL SELAND

CATCHING UP ON KETCHUP.

Pent-Up Demand 
The laws of supply and demand are familiar, whether consciously or unconsciously, to anyone that has ever 
attempted to buy or sell something. So, basically, everyone that has ever lived. 

At its simplest, and usually prefaced by the statement “all else being equal,” the price of a good tends to increase 
when its supply decreases or when the demand for that good increases, and the price of a good tends to decrease 
when its supply increases or when demand for that good decreases. It makes sense. When there is a lot of 
something and few people want it, it is cheap. When it’s rare and everyone wants one, you will pay a pretty penny. 
We can probably all think of an example of the later. If even for a brief time, a type of mania can surround some of 
these examples—Cabbage Patch Kids, Beanie Babies, Pokémon, Bitcoin.

The “sense” of it can be clearly seen when price, supply, and demand are plotted on a graph. Supply and demand 
lines will intersect at a point of equilibrium. That equilibrium is where supply of a good perfectly matches the 
number of people demanding it, providing the equilibrium, or perfect, price for the good. But, as the world 
knows, nothing is perfect, and there are always “elses” that are not quite equal.

The company will be opening
eight new production lines that

will begin producing ketchup
packets (with ketchup in them).

Particularly if we broaden the discussion to include the question, what a�ects demand? How do economies, 
governments, and businesses alike know how much of a good to produce to keep up (or down) with demand? 
One such economic model that attempts to shed some light is “Guns versus Butter,” a staple in economics classes 
on the subject.

The model gives two options for goods that could be produced by a nation and/or its economy, guns or butter. A 
nation at peace would produce more butter to satiate the proposed demand of a society and its citizens during 
peacetime. However, during times of conflict that demand could change to a citizenry that needs to provide its 
armed forces with the tools to fight a war, forgoing its need for butter. The assumption here is that there exists a 
tradeo� between the two goods, in order to produce more of one, you must produce less of the other.

So, even with finite resources, there is another point—not of equilibrium but of tradeo�—but a point at which you 
could fulfill the demand for one and still provide the other. Like supply and demand, when plotted on a graph, 
those points become clear.

Which brings us to ketchup.

During the pandemic, there was an unanticipated change in demand, not only for a good, but also how that good 
was packaged and sold. As restaurants were forced to close down their dining areas and pivot to take-out and 
delivery orders, demand for single-use packets of ketchup skyrocketed. Not only did prices rise, but also the 
supply of packets dried up and producers and the supply chain were unable to keep up. There were stories of 
many restaurants resorting to filling single-use cups from their supplies of bulk ketchup to keep up with the 
demand. At the same time, with more people eating at home, demand for ketchup in general rose as well.

This sudden increase in demand is o�en referred to as pent-up demand. It’s similar to when we talk about pent-
up emotions. People describe, or are o�en described as having, held in an emotion so long to a point where they 
“explode.” The same can be said for demand for a certain good.

The good news is that on June 14, as one of the world’s largest producers of ketchup, Kra� Heinz CEO Miguel 
Patricio said the shortage will soon be coming to an end as the company will be opening eight new production 
lines that will begin producing ketchup packets (with ketchup in them), probably by the time you read this.

Even better news is that Quality has articles to share with you on how manufacturers are handling COVID’s e�ect 
on demand as well as the results of our annual survey on the state of our profession. So check out “A Guide to 
Mechanical Testing of Paper and Plastic Packaging Materials,” “The State of Quality,” and everything else we have 
to o�er in this month’s Quality.

Enjoy and thanks for reading!

Ketchup Packect Image Source: DonNichols / iStock / Getty Images Plus via Getty Images.

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

=Faro® Technologies, Inc. announced the acquisition of HoloBuilder, Inc.

HoloBuilder brings to Faro its photogrammetry-based 3D platform, which delivers hardware agnostic image 
capture, registration and viewing to the fast-growing Digital Twin market. With an initial focus on Construction 
Management, HoloBuilder’s technology platform provides general contractors a solution to e�iciently capture 
and virtually manage construction progress using o�-the-shelf 360° cameras.

HoloBuilder’s SaaS platform will add fast and easy reality-capture photo documentation and added remote 
access capability to Faro’s 3D point cloud-based laser scanning to create the industry’s first end-to-end Digital 
Twin solution—all without leaving the Faro ecosystem. The combined solution will provide comprehensive 
scanning and image management capabilities for the Digital Twin market including robotic assembly 3D 
simulation, construction management, facilities operations and management, and incident pre-planning.

“The high-value that digitalization brings to the AEC and Operations & Maintenance (O&M) industries creates 
significant market opportunity for Faro,” stated Michael Burger, Faro president and CEO. “The addition of 
HoloBuilder to our o�ering accelerates the reality of a true end-to-end Digital Twin solution and advances our 
strategic objective of increased recurring revenue through market share gains in this large and growing 
segment.”

“HoloBuilder and Faro together furthers our vision of digitizing the physical world to enable process automation 
and workflow optimization,” added Mostafa Akbari-Hochberg, HoloBuilder president & founder. “The powerful 
combination of high accuracy laser scanning with real-time 360° photo capture and collaboration will empower 
both companies' customer bases with a comprehensive Digital Twin solution.”

Under terms of the agreement, HoloBuilder shareholders received a cash payment of $34 million. As of April 30, 
2021, HoloBuilder had $4.0 million in annual recurring revenue with a compounded annual growth rate of nearly 
75% since 2019. The transaction closed on June 4 and was funded with available cash reserves. Alantra acted as 
exclusive financial adviser to HoloBuilder.

For more information, visit www.faro.com or www.holobuilder.com.

Faro Expands Digital Twin 
Product Suite, Acquires 
HoloBuilder Inc.

Dean Rob Keynton of The William States Lee College of Engineering has announced that Dr. Ed Morse is the new 
Director of the UNC Charlotte Center for Precision Metrology (CPM). Dr. Morse is taking the place of Dr. Chris 
Evans, who retired as CPM Director in December 2020.

“It is my privilege to announce the appointment of Dr. Morse as the new CPM Director,” Dean Keynton said. “Dr. 
Morse has a long history with the center, both as a faulty researcher and for serving as the center’s Deputy 
Director since 2010. He is extremely well respected in his field, and has an excellent reputation with CPM 
industrial a�iliate members, students and faculty members.”

Dr. Morse was awarded his Ph.D. from Cornell University, with his dissertation work being in the mathematical 
modeling of tolerancing for assembly. He joined UNC Charlotte in 1999 as an assistant professor in the 
Mechanical Engineering and Engineering Science Department. He was granted tenure and promoted to associate 
professor at UNC Charlotte in 2005, and promoted to full professor in 2011. 

"I am honored to have been selected as Director for the Center for Precision Metrology,” Dr. Morse said. “This is 
an exciting time for the field of metrology, as advanced manufacturing processes require new measurement 
techniques for process control and conformance evaluation. Also, the closer interaction between computational 
and physical components (i.e. cyber-physical systems) allows us to apply research in machine learning to 
investigate how we can reliably perform inspection tasks in the presence of incomplete or uncertain data. I am 
looking forward to working with my colleagues to continue the growth and success that the center enjoyed 
under my distinguished predecessors."

Dr. Morse’s current research interests include large-scale metrology, assembly modeling and analysis, machine 
tool metrology, uncertainty estimation and analysis, tolerance standards and modeling, and various aspects of 
computational metrology.

Dr. Morse is a member of several ASME standards committees for tolerancing and metrology, and is chair of 
ASME's B89 committee on Dimensional Metrology, as well as B89's Division 4 for Coordinate Measuring Machines. 
He is also a Subject Matter Expert (SME) representing the United States in ISO Technical Committee 213 on 
Geometric Product Specification and Verification. 

For more information, visit https://cpm.uncc.edu/.

Dr. Ed Morse is New Director of UNC 
Charlotte’s Center for Precision 
Metrology

According to a new report from The Reshoring Initiative®, despite COVID, reshoring numbers were up in 2020. 
Reshoring and foreign direct investment (FDI) job announcements for 2020 were 160,649, bringing the total jobs 
announced since 2010 to over 1 million (1,057,054). Also of significant importance, reshoring exceeded FDI by 
nearly 100%, the first beat for reshoring since 2013. Additionally, the number of companies reporting new 
reshoring and FDI set a new record of 1,484 companies. The initiative asserted that reshoring will continue to be 
key to U.S. manufacturing and economic recovery in 2021 and beyond.

The Reshoring Initiative’s 2020 Data Report contains data on US reshoring and FDI by companies that have 
shi�ed production or sourcing from o�shore to the United States. The report includes data for 2020, cumulative 
data from 2010 through 2020, as well as projections for 2021. The report provides data and analysis in 10 
categories, ranging from the number of manufacturing jobs gained, to reasons cited for reshoring, to a 
breakdown of data by industry, country, region and state.

Top takeaways from the report include:

In 2020, US reshoring set a record of 109,000 jobs and outpaced FDI for the first time since 2013. COVID 
uncertainty has resulted in companies emphasizing operations in their home countries.

In order to make the U.S. less vulnerable, there are now national initiatives to shorten and close supply 
chain gaps for essential products. The following industries are most likely to benefit: PPE, medical, tech 
and defense. Medical equipment and PPE are the first responders of new reshoring and FDI, with cases 
up nearly 2000% and jobs up 400% from 2019.

President Biden is prioritizing reshoring highly but applying di�erent methods than President Trump. 
The gaps in Biden’s plans need to be addressed in order to achieve his goal of returning 5 million more 
jobs. 

There is continued growth in e�orts by MEPs, EDOs and states to enable reshoring. The Reshoring 
Initiative is deeply involved in these e�orts with its Import Substitution Program (ISP). As a measure of 
corporate interest, the demand for this service is more than 10 X the rate of 2019. 

We anticipate 2021 reshoring + FDI job announcements to be near 200,000, up by at least 25%.  

“We publish this data annually to show companies that their peers are successfully reshoring and that they 
should reevaluate their sourcing and siting decisions,” said Harry Moser, founder and president of the Reshoring 
Initiative. “With 5 million manufacturing jobs still o�shore, as measured by our $900 billion/year goods trade 
deficit, there is potential for much more growth. We call on the administration and Congress to enact policy 
changes to make the United States competitive again. Our Competitiveness Toolkit is available to help quantify 
the impact of policy alternatives, including a stronger skilled workforce, competitive corporate tax and 
regulatory structures and a lower US dollar.”

To download the full report, visit https://reshorenow.org/blog/reshoring-initiative-2020-data-report/. For more 
information, visit www.reshorenow.org.

Reshoring Initiative Report: 
Reshoring Surges to Record 
High, Cumulative Jobs 
Announced Surpasses 1M  

Hexagon and Plex Systems announced a new strategic partnership. The global partnership will enable Hexagon’s 
Manufacturing Intelligence division and Plex to co-sell Plex MES to Hexagon manufacturing customers, helping 
them to take control of the plant floor through full visibility and connectivity and realize the promise of Industry 
4.0.

“There’s no question that more connected, data-driven approaches to manufacturing are central to bringing 
better products to market faster and more cost-e�ectively with confidence.” said Paolo Guglielmini, president of 
the Manufacturing Intelligence division at Hexagon. “Plex brings valuable experience to our customers, and its 
impressive open MES solution augments our technologies o�ering a path to ramp up shop floor e�iciency by 
bringing together data from siloed processes to solve manufacturing problems faster and more collaboratively.” 

Hexagon and Plex share a common vision for smart manufacturing, o�ering manufacturers an incremental path 
to achieve greater automation and Industry 4.0 adoption. Using Plex’s robust Manufacturing Execution System 
(MES) with integrated quality control, Hexagon customers will be able to augment their workflows by streaming 
quality measurements, engineering data and other manufacturing information into Plex's MES creating a digital 
system of record in real-time. Manufacturers will benefit from enhanced visibility and control over their inventory 
and manufacturing processes, while gaining deeper insight, traceability and opportunities for continuous 
innovation by combining Plex and Hexagon's digital solutions.

“We are thrilled to partner with Hexagon, an organization that is just as dedicated to delivering smart 
manufacturing solutions as we are and with a global scale,” said Bill Berutti, CEO at Plex. “Smart manufacturing 
isn’t something that will happen years down the road … it’s real, it’s imperative and it’s happening now.” 

Hexagon and Plex will partner in opportunities, initially in Europe and India, where Hexagon prospects and 
customers have MES needs. The combination of Hexagon and Plex for these manufacturers provides a fully 
digitalized solution from plant measurement and metrology to managing end-to-end production.

“Smart manufacturers are seeking continuous product and process improvements to ensure that quality is 
measured, enforced and managed in a closed-loop across design, production and inspection,” said Reid Paquin, 
research director, at IDC. “This new partnership will enable manufacturers to do just that and on a global level.”

For more information, visit www.hexagonmi.com or www.plex.com.

Hexagon, Plex Systems Announce Partnership to Deliver Smart 
Manufacturing Solutions

High QA announced a new integration partnership with Verisurf So�ware 
to streamline shop floor quality inspection workflows.

The integrated solution automates the measurement, inspection and reporting process providing real-time 
comparisons of finished parts to 3D CAD models, annotated PDFs and 2D drawings. The High QA flagship product, 
Inspection Manager, allows for the automatic ballooning of drawings and creation of bill of characteristics in 
minutes, while CAD-based Verisurf 3D measurement and inspection so�ware provides measurement data 
collection and analysis, with support for virtually all CAD file formats and all new and legacy CMMs, including 
portable arms, trackers, scanners, and fixed CNC CMMs. 

“Quality assurance is more important than ever,” said Sam Golan, founder & CEO of High QA, “This integration 
partnership with Verisurf further ensures a streamlined workflow for manufacturers. The more steps in the 
process you can automate, the less human error that is likely to occur.”

“At Verisurf our focus is on practical measurement and inspection solutions that support the manufacturing 
enterprise; this requires our so�ware to be open and compatible with ever evolving metrology tools and 
processes,” said Ernie Husted, president and CEO of Verisurf So�ware, “Verisurf and High QA share in a common 
goal to provide customers with measurement and inspection solutions that are flexible, easy to learn, and easy to 
use.”

For more information visit www.HighQA.com or www.verisurf.com.

High QA, Verisurf Announce 
Integration Partnership
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FACE OF QUALITY  |    JIM L. SMITH

QUALITY SHOULD BE SHAPED THROUGH IDEAS, NOT OPINIONS.

Quality Mindset
As time progresses, we continue to learn a great deal about quality. We have embedded quality in our processes, 
our measurement systems, and even our relationships. Although we still have much to learn, one cannot help 
but marvel at the transforming impact of quality.

The staying power of the quality movement is due in part to the many levels at which it can be applied. Quality 
has something to o�er the most philosophical visionary as well as the most pragmatic tactician. It may be 
experienced anywhere along a continuum ranging from basic common sense to a near mystical religious 
conversion.

The appeal of the quality movement may also be that it emanates from a simple, yet profound, place that might 
be called a “quality mindset.” One way to grasp the meaning of a “quality mindset” is through the di�erence 
between opinions and ideas. Someone once said their organization had plenty of opinions, but few ideas. It 
requires neither qualifications nor relevant information to have opinions. A lack of relevant information is exactly 
the kind of fertile ground that produces a bumper crop of opinions.

Individually, our inventory of opinions can become the things for which we are known. Bundles of pre-packed, 
sometimes predictable thought that we bring to every situation. We carry them everywhere we go and impose 
them on others whenever we can. We even treat them like our children! Whoever attempts to challenge our 
opinions or take them away better BEWARE! 

When projecting an opinion, we are being assertive. The 
response, though, is o�en a counter-assertion. If people 
are in alignment, nothing much happens.  If they are not 
in alignment, there is usually conflict. 

One cannot help but
marvel at the transforming

impact of quality.

Those who agree with each other band together to become insiders. Those whose thoughts are not agreeable 
become the outsiders. This is why opinions tend to become divisive.  Deeply rooted opinions become prejudice. 
This is just one reason why so many quality initiatives falter. People divide into camps. You are either among the 
“insiders,” the converted, or the “outsiders,” the non-converted.

One reason that opinions are so persistent is because they serve a very useful purpose in some situations. Public 
opinion, for example, plays a vital role in our society. We experience that with the democratic process. However, 
we need to keep in mind that is politics. What does that have to do with the business world? Think of how o�en 
people leave an organization because it became “too political.” In essence, they are saying that the organization 
became overrun with opinions and the parochial factions that naturally follow.

Conversely, an idea tends to inspire other ideas. Ideas can create hope, potential and possibilities. Ideas, not 
opinions, are designed for implementation. Ideas invite action! They provide an opening, rather than a 
conclusion. Ideas are dynamic while opinions are static. Which will create a genuine “quality mindset”? Which will 
create a healthier, more productive workplace?

By its very nature, a business enterprise creates value by taking action. Every product, every process, every 
improvement is an idea put into action. 

Some will relentlessly hold on to their opinions or use those opinions to vigorously defend themselves. Some of 
those same people, however, might discount the value of their ideas as being too insignificant or too unformed to 
merit consideration. To the contrary, it is the “unformed” nature of ideas that makes them such a powerful 
opening to learning, innovation, and improvement.

To say that awareness of this distinction between opinions and ideas has helped change lives may sound a bit 
grandiose. But it has. We are all leaders and, as such, it is our duty to understand and appreciate the di�erence. 
We must design systems, processes and cultures that will make the di�erence between opinions and ideas 
noticeable and important to everyone in our organizations. As much as that sounds like an opinion, it is also an 
idea whose time has come!  

There is a saying I have used o�en which relates well here: “Ideas germinate faster in the soil of loose thinking.” 
Let us work the soil, plant the seed, and watch this idea take root and grow. Opinions typically lead to failure, but 
ideas lead to growth and success. Which mindset do you choose? 

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

CALIBRATION OF THESE INSTRUMENTS CAN BE SIMPLE OR 
COMPLICATED BY THOSE MAKING A CAREER OUT OF THE PROCESS. 

Hand Tool Calibration

In keeping with my recent columns summarizing the calibration of various gages, I o�er this one as a catchall for 
the many precision hand tools used for measurements.

I use the term ‘hand tools’ to categorize the popular instruments in common use, all of which are typically 
handheld when used. Micrometers, universal calipers, etc. are probably the most used of this type. Their display 
of a reading may be analog in nature or digital and their level of precision can be quite high due to the use of 
electronics in their design. In some cases, makers of them have gone o� the deep end with resolutions that 
suggest great precision but in practice are mechanically incapable of delivering the precision implied by the 
resolution. Despite this, they o�er a lot of precision for the money.

Calibration of these instruments can be simple or complicated by those making a career out of the process. On 
the simple path, you simply need to determine how precise the device is doing what you want it to do. On the 
more complicated route, you start checking out specific elements of the device against the standard they were 
made to rather than an overall performance or functional calibration. I recommend a functional calibration 
because it is simple to do and answers the question most people have, which is: How good is this thing? If you 
don’t like the answer, then you can start checking various elements to determine why the performance isn’t what 
you expect. 

The process of a functional calibration is simple: You 
measure some masters covering the range of the device and 
compare your readings to the calibrated values of your 
masters. Any di�erences are due to inaccuracies in the 
instrument and problems with the person using it or the 
environment in which the calibration was done or all of 
them.

I recommend a functional
calibration because it is simple
to do and answers the question

most people have, which is:
How good is this thing?

The Masters
 Gage blocks are the most used master for this type of calibration and it goes without saying but I will say it 
anyway, they must have a current calibration report showing their actual size. If you have a calibration report on 
the blocks, it doesn’t matter what grade they are because you will be using their calibrated values. On the other 
hand, if you are using blocks to a specific grade, you can skip the number crunching and assume the whole 
tolerance on the blocks into your uncertainty budget.

For example, if you are going to use calibrated values, you only have to put the uncertainty from their calibration 
report into your uncertainty budget such as five millionths of an inch. If you are going by the gage block grade 
and it’s plus/minus ten millionths of an inch, that’s the value required for your uncertainty budget. 

Where micrometers and calipers are concerned, there is a number of standard master designs created for this 
purpose but make sure that is their purpose. Too o�en people are using what are really zero setting masters 
instead of calibration masters. Those designed for calibration have intermediate values while the setting masters 
have even sizes such as 1, 2, 3” etc. or 25, 50, 75 mm etc.

The Process
This type of calibration is comparative in nature – you’re comparing the readings from the instrument being 
calibrated against those from the calibration report on the master(s). Care must be taken to ensure you can 
duplicate the calibration. Where micrometers or calipers are involved, I recommend mounting the instrument in 
a stand or vise so manipulative variations and heat transfer don’t cause you problems. Yes, you can hold either in 
one hand and do the job but the values you obtain won’t be as precise due to heat transfer problems and 
manipulative errors or bias.

Limited Calibration
Long range instruments such as calipers cover standardized ranges part of which you may never use or 
calibration reveals is not as precise as the portion of their capacity you do use. You can calibrate the part you will 
use and indicate this on your documents and label the instrument accordingly. Ideally, you should provide some 
means of preventing the un-calibrated portion from being used by mechanical means or a prominently placed 
label on it to prevent or limit its use.  

Since you are calibrating used instruments, your acceptance levels should be based on how ‘good’ the 
instrument has to be with respect to your product tolerances. 

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  

AS 2021 UNFOLDS, ASQ WILL CONTINUE TO PROVIDE AMPLE AND 
MEANINGFUL OPPORTUNITIES TO COLLABORATE. 

Collaborating with Industry  

Throughout its 75-year history, ASQ has been a professional organization that has been committed to providing 
enhanced expertise, professional networks, tools, and solutions to help its members advance their products, 
services, and industries. This has been accomplished by providing professional training, certifications, and 
knowledge to its global membership of individuals. ASQ provides vast resources to help its members advance a 
culture of quality to drive growth within their organizations.

While ASQ’s primary purpose is to serve individuals, it has also fostered a symbiotic relationship with multiple 
industries, including but not limited to, manufacturing, healthcare, education, and services. ASQ has earned the 
trust and respect of industry leaders by relentlessly fulfilling its mission of empowering the people, communities, 
and organizations of the world to achieve excellence through quality. Partnerships and collaborative e�orts 
between ASQ and industry have long existed for the mutual benefit of both. While ASQ and organizations each 
benefit financially, all organizations benefit more from delivering added value and gaining trust and respect from 
customers and the public. ASQ o�ers organizations the opportunity to gain exposure as a quality company by 
exhibiting at ASQ conferences and events as well as through corporate sponsorships, receipt of 
recognition/awards, through ASQ’s digital channels and by conducting presentations at conferences, webinars 
and dinner meetings.

ASQ is not a sole entity but rather a composition of many parts. While many of the learning opportunities are 
handled through its headquarters, many of its member units—both geographic (sections) and technical 
(divisions)—collaborate with local companies and industry-specific organizations. The local and industry-specific 
connections established by ASQ member units further contribute to the Society-provided value. The ASQ 
Inspection Division’s fine and excellent work in collaborating with companies provides an example of this  
partnership. For many years, the Inspection Division has worked with organizations, primarily companies that 
provide measurement and test equipment and their related services, in the following ways:

1. Exhibiting at conferences

2. Newsletter advertisements 

3. Hosting webinars

4. Presentations at conferences; both technical sessions and product tutorials

5. The publications of technical articles in its newsletter

6. The ability to conduct training courses

7. Collaborating on joint activities, such as a shared booth at the World Conference on Quality & 
Improvement

8. Recognition via the Inspector of the Year Award

9. Recognition through ASQ’s awards program, such as the Hromi Medal

Exhibit and advertisement fees are absurdly low and everything else on 
the above list is provided at no cost. All of these opportunities benefit 
both the division and the organization; the Inspection Division is able to 
provide meaningful value to its membership via knowledge sharing and 
by facilitating connections between companies and its members. These 
connections enable companies to make immediate sales and possibly 
establish long-term partnerships with members’ employers.

ASQ is not a sole
entity but rather a

composition of
many parts.

The opportunities listed provide organizations ample ability to interface with more than 7,500 Inspection Division 
members, a subset of over 60,000 ASQ members. However, the Inspection Division is not alone in o�ering its 
members a more direct connection to applicable companies within their industry; the Division is only one of 
twenty-six technical communities within ASQ. Having so many technical communities provide a multitude of 
other opportunities for companies to collaborate with industry-specific member units within the society and vice 
versa.

ASQ has made a painstaking e�ort to remain at the forefront of quality throughout quality’s evolution. This e�ort 
results in providing individuals the resources they need to provide organizational value. As 2021 unfolds, ASQ will 
continue to provide ample and meaningful opportunities to collaborate with companies worldwide for their 
mutual benefit. Initially, this will be done virtually in new and innovative ways and hopefully in more traditional 
ways later this year as the pandemic subsides. Contact ASQ Customer Care to inquire about membership, 
publications, certifications, learning, and advertising opportunities. 

Opening Background Image Source: alexey05 / iStock / Getty Images Plus via Getty Images.

Jim Spichiger is a Lean Six Sigma Master Black Belt 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

The Power of 
Portable Measurement:
How 3D Laser Scanning Augments Metal Forming Processes From Start To Finish

3D LASER SCANNING CAN AND SHOULD PLAY AN INTEGRAL ROLE 
IN THE METAL FORMING WORKFLOW PROCESSES. 

By Orlando Perez

As a branch of metalworking, a subset of fabrication, metal forming is a foundational process, involved in a wide 
range of parts assembly: from the metal stamping of consumer goods used at home to many of the component 
elements of airplanes and automobiles. With so much product at stake and billions of dollars on the line, 
accuracy, precision and repeatability are key. 

This is especially the case as the U.S. emerges from the Covid-19 pandemic and the global metal stamping 
market, which was valued at $220 billion in 2019, is projected to experience a compounded annual growth rate of 
2.8 percent from 2020-2027 and the global metal forging market, valued at $84 billion (also in 2019) is forecast to 
grow at 5 percent over the same time period. Likewise, the international comeback will be felt in other sectors of 
the economy too, with the International Monetary Fund calling for a 6 percent GDP surge, besting its January 
forecast. In a growth environment like this, production failures, costly rework, products out of tolerance, and 
safety issues cannot occur. 

Thus, 3D laser scanning by way of noncontact portable measurement technology, along with its quality 
assurance and inspection so�ware, continues to be among a quality engineer’s must-have tools to guarantee that 
not only an individual part matches its original CAD design or blueprint, but that the pressing and forming and 
die-based machines tasked with shaping the eventual finished product themselves are also operating to 
established specs. That’s true whether for stamping (essentially a deforming process, reflecting the ability of a 
material to change shape via applied high-pressure without being destroyed) or forging – o�en analogized to 
“stamping with fire,” (think: high heat) in either open or closed dies.

Taking The ‘Pressure’ O� 
Thanks to the latest technology as well as multi-axis scanning turntable platforms, precision measurement has 
never been faster or easier. The way it works is simple: an articulated portable coordinate measuring arm 
(PCMM) is fitted with a noncontact laser which measures in real time, X, Y, and Z coordinates and digitizes that 3D 
data in a virtual environment. In one technology example, a laser stripe is reflected back by the part being 
scanned and into a camera that records the data, creating a 3D point cloud, a digitized model containing the X, Y Z 
coordinates of the entire surface that has been scanned. 

Combined, these twin technologies – the laser and the turntable, along with powerful yet user friendly so�ware, 
can: quickly identify component features that deviate from nominal conditions (allowing for prompt machine 
adjustments to be made before out of tolerance situations arise), perform in-process component inspection, and, 
even capture precise digital measurement data for reverse engineered parts that lack relevant blueprints or CAD 
drawings.

From a metal forming workflow perspective, today’s advanced 3D metrology hardware and so�ware solutions 
have greatly streamlined what was once a cumbersome process, reliant on error-prone hand tools like calipers 
and micrometers to accomplish time-consuming tasks. That is, if it could be accomplished at all. By its very 
nature, stamping metal is a complex, multi-step operation that creates a large diversity of products – many of 
which include di�icult-to-measure “organic” or irregular geometries. 

Even fixed CMMs struggle to measure up. Unlike their PCMM cousins, CMMs are bulky, immobile, require 
advanced engineering programming expertise, and they are kept in specialized temperature-controlled 
metrology rooms. Perhaps most important, fixed CMMs are unable to measure parts (or machines) in-process; 
manufactured components must be transported to them, causing inspection bottlenecks and attracting 
additional costs.

In automobiles for instance, stamping is involved with building body panels, framing, doors, and a number of 
small components. Airplanes, too, require extensive stamped parts including: structural components, oxygen 
generating systems, military aircra� housings and enclosures, relays, switches and lighting systems. When 
evaluating the metal forming process and how 3D laser scanning can help at each step along the way, several 
factors must be considered:

Stamping’s e�ect on the design functionality – Are the stamped parts within the specified tolerances 
of the CAD model? This is true for first article inspection as well as subsequent inspections.

Are the stamped parts staying within specifications – Data from scanning so�ware can be fed into a 
statistical process control (SPC)) system which can assist in determining whether parts are trending 
outside of tolerance.

Is the die consistently producing parts to the same specification – Or are parts trending out of 
tolerance due to tool wear? If so, then it’s time to perform 3D measurement inspection on the dies 
themselves. 

Safety first satisfied – Is the part safe and functional, conforming to industry-specific or national 
requirements?

What is the time required – for production and quality control? What is the value of higher throughput 
with lower scrap?

Work�ow Wizardry At Work
As evidenced from above, 3D laser scanning can and should play an integral role in the metal forming workflow 
processes. At each step along the way toward product completion, laser scanning can vastly enhance the speed 
and quality of measurements taken – both for individual/constituent parts, and also on the machines themselves. 

Pulling back the lens, here is a breakdown of what the metal forming workflow looks like in an easy-to-follow 
manner:

Step 1 Engineering: The process begins when design engineers and metalworkers develop various shapes and 
objects, including domes, cones, half spheres, squares, eyeballs, or ovals. Once developed, they are used to make 
the dies that will form the metal. 

Step 2 Approval and Action: With an approved product drawing and die created, the process moves to the 
metal stamping team. Here, the sta� works to evaluate the product drawings and will determine which metal 
stamping process and equipment to use. 

Step 3 Customized Work: With a drawing, die, and plan in place- metal stamping commences. Specific tools and 
sub-steps required depend on what product is being stamped, as well as material employed and production size. 

Step 4 Assembly: Depending on the complexity of the product, assembly can take place. That is, fitting 
component parts together into the stamped product, potentially requiring binding, welding, or bending. It is 
critical, a�er assembly, all products are inspected for accuracy before they are completed. This is where 3D laser 
scanning solutions prove most vital and help streamline costs while increasing e�iciency.

Step 5 The End: Once assembly is complete, products may be finished with machining. This can include tapping, 
drilling, sawing, milling, grinding, and even sandblasting. Any painting, sealing, or priming would complete the 
process.

Say ‘No’ To The Q3 Quandary 
A�er all of the these steps are checked o�, final inspection ensures a metal formed product is ready for public or 
industrial use and that revenue is maximized from increased throughput by reducing machine downtime and 
lowering costs from material waste.

According to many of the world’s top economists, the third quarter of 2021, which kicks o� this month (July), is 
where the world will begin to take its first halting steps back to normalcy. And it’s where the global economy 
really starts gathering the steam it needs to meet those 6 percent growth predictions. 

As consumers begin to burn o� their “Covid cushion” (Bloomberg Economics estimates Americans are sitting on 
$1.3 trillion in pandemic savings) now is the time the metal forming industry should kick their operations into 
high gear and do so with confidence that whatever product they’ve produced – and the machines that produced 
them – are operating within expected tolerances. The best way to achieve that essential quality control line of 
sight is by use of 3D laser scanning solutions and its attendant so�ware products. 

The power of portable measurement has never been this potent.
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Orlando Perez, Director, Product Marketing, FARO Technologies.
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MEASUREMENT

Innovation is Changing the World of 

Handheld 
Gaging

WITHIN THE MANUFACTURING INNOVATION 
PROCESS, METROLOGY HAS PLAYED A 

PREDOMINANT ROLE. 
By Kyle Johns

Quality control has long been an integral part of the production process by contributing to smooth operations 
and avoiding extra costs. Today, we are seeing significant changes to the industrial metrology market due to the 
rising demand to collect data for statistical and monitoring analysis. Increased use of cloud services for 
metrological data management and the rising awareness of industry 4.0 standards are also expected to 
considerably boost the innovation in handheld gaging.

With the integration of flexibility and automation into the world of metrology, dedicated benches are now 
substituted with flexible benches. In addition, the measurement process is continuously improving to become 
more user-friendly, due to significant improvements in so�ware development and user interfaces.

The automotive end-user industry is o�en expected to set the benchmark for other market sectors. The increase 
in competition and the requirement to comply with international quality regulations have led to a wide demand 
for quality control and inspection systems for the traditional automotive field, as well as throughout all 
manufacturing industries.

The Demands Of High Productivity, Lower Costs
The Ford Model T is the iconic representative of mass production manufacturing from over a century ago. This 
manufacturing marvel reached the target of reducing manufacturing costs of a complex good to a more 
a�ordable level. To achieve this target, all cars were identical with very few options available. As famously 
quoted by Henry Ford, “You can have it in any color you want, as long as it is black.”

Over the last century, car manufacturing has changed significantly. Yet today, engineers are facing the same task 
of keeping costs low and delivery short, while allowing for a wide range of options and alternatives. Even if 
millions of cars are produced, each one could be di�erent by some small detail. “Push” and “Pull” manufacturing 
models are combined to provide a successful strategy to gain global market share and maximum personalization.

Within the manufacturing innovation process, metrology has played a predominant role. Although production 
processes have become increasingly precise and automated, industrial production remains (by definition) 
a�ected by error. For this reason, the major players in the metrology market provide not only technical 
modernization of handheld gages, but also shi� the focus to find new ways of integrating the features of these 
instruments to the respective production systems where they are used.

The automotive industry has been at the forefront of manufacturing technology, from the introduction of the 
assembly line to lean manufacturing principles. With lean production, automotive manufacturers and suppliers 
now see industrial metrology as a way to increase production e�iciency, reduce costs, and shorten time to 
market.

The most advanced automotive OEMs are working to automate inspection plus integrate metrological data with 
product life-cycle management systems, statistical process control (SPC), and supply chain management 
so�ware. This information helps in finding new ways to reduce production time, minimize waste, and improve 
product performance.

Flexible benches, when the inspection of several part types is needed, can be equipped with an RFID or barcode reader to 
identify the part type, enabling automatic selection of the correct measurement program that corresponds to the part type 
being loaded into the measurement station.

Handheld Gaging In Today’s Environment
The world of handheld gaging has evolved over the course of its history. In a market where competition has been 
a challenge, automotive manufacturers need fast, accurate, and reliable metrology equipment.

Fast - Time is money. In a competitive environment, the cycle time of a production line cannot be 
a�ected by the measurement time. 

Accurate - The permissible manufacturing tolerance of mechanical components is continuously being 
reduced to suit the demand of very precise assembly and reduced noise. 

Reliable - Gaging is increasingly being performed on the shop floor, and not in the safe environment of a 
laboratory. 

Gaging solutions are available in the following varieties: 

Attribute Gages - Functional gages that are dedicated to a specific characteristic and tolerance. These gages are 
straightforward and can provide a quick “Pass/Fail” result, without providing a numeric value. They cannot be 
used to monitor process compliance (for example, tool wear) or to provide statistics.

Flexible gages - Variable gages (for example, a caliper or a micrometer) that can provide the numeric value of a 
characteristic. These gages are commonly used because they can o�er a larger measuring range. However, they 
may require additional training to better ensure accurate measurement.

Dedicated Variable Gages - Precise measuring tools designed to inspect a specific characteristic and tolerance. 
They can be used for a quick inspection and can be specifically designed to minimize the influence of the 
operator. They can be equipped with indicators or probes to collect the measurement and aid in the statistical 
process control. 

Any combination of the gaging varieties can be present on the same bench to suit di�erent measurement 
requirements. It is also very common to see evolution in the quality control system of a manufacturer, requiring a 
shi� from one gaging variety to another. 

Improving manual data collection drives many manufacturers to replace mechanical indicators with 
digital ones for an immediate measurement reading.

The increasing need for automatic data collection pushes the development of reliable connections to 
gaging computers and the adoption of probes instead of digital indicators. When the process requires 
direct measurement while in the machine, the preferred option is the substitution of probes with 
advanced wireless variable gages, helping to alleviate cable entanglement.

Most metrological players are providing complete, straightforward, and ready-to-use solutions that also allow 
for data analysis. This may increase the complexity of the measurement process, making it more di�icult to 
complete. To better manage the processes, and as a guide for the operator, industrial computers allow for 
integration with ERP systems and can prompt the operator through the measurement sequence. Additional 
training may be required for proper use of the gage, the industrial computers, so�ware, and data collection. 

Operators are guided step-by-step through the measurement operations (for example, which gage to use, which characteristic 
to check, etc.), with the measurement software programmed according to the quality control department specifications, for 
monitoring the overall manufacturing quality level.

Flexible, Automated Solutions
In this complex environment, solutions to control smaller batches have been developed. Flexible benches have 
become the preferred option when the inspection of several part types is needed. Everything has to be set at the 
programming level. The measurement process is generally connected to a remote monitoring and programming 
system. With the gage settings being set at the programming level, the quality control management can 
automatically manage the part measurement programs, based on which part type is loaded into the 
measurement station. 

The first task is to recognize the part type and select the correct measurement program. Each part has a digital 
identity and benches can be equipped with an RFID or barcode reader to verify the part type. Once identified, the 
correct measurement program is automatically selected to match the part type being loaded into the 
measurement station. 

Operators are guided step-by-step through the measurement operation (for example, which gage to use, which 
characteristic to check, etc.), with the data being automatically stored safely.

To help alleviate the potential of accidental human mistakes, manufacturers are moving away from the use of 
manual data management. So�ware integration is becoming an increasingly common tool used to ensure data 
availability and validation with a user-friendly feel for the operators. Available options include keyboard 
emulation, virtual interface box, CAQ so�ware, and more. 

Because quality personnel are increasingly requiring measurement records to be kept, even without any 
interaction with SPC so�ware, variable gages are becoming the preferred methodology, with use of attribute 
gages decreasing. To collect measurements—without a gaging computer with SPC so�ware functions—many 
handheld gage manufacturers are o�ering APPs (so�ware with fewer available options) that may not require 
operator training. These APPs can help ease the transition to a more data-driven quality control process.

Human And Shop Floor Considerations
With more manufacturing facilities moving towards 
flexible automation and robotics, machines and gages 
are moving in the same direction, becoming easier to 
manage, so the need for operators to complete 
specific and complex actions is strongly reduced, and 
the training as well. Yet, to transition from a 
completely manual process to a more automated 
process, handheld gages must be redesigned to be 
more compatible (better interface) with robots or 
cobots (collaborative robots), requiring an “easy-to-
grab” mechanical interface (for example, a flange) 
instead of an “easy-to-hold” handle (as would be used 
for human interface).

Performing measurements using electromechanical 
systems can help increase production capacity and 
reduce production costs. Programming can be done 
o�line, which helps reduce downtime for the plant’s
machines.

When the process requires direct measurement while 
in the machine, the use of advanced wireless variable 
gages can help alleviate any cable entanglement, 
following the principles of Industry 4.0. These 
advanced wireless variable gages can be specifically 
designed to perform in-line measurement while in use 
on the shop floor, close to the machines 
manufacturing the parts. To ensure that these gages 
are durable and strong enough to survive the harsh 
manufacturing environments, the appropriate 
materials, appropriate sealing, appropriate filtration 
of contaminants (for example, oil or grease) and 
appropriate resistance to dust and lubricants are 
taken into consideration. 

Measurement stations are located on the shop floor, close 
to the machines manufacturing the parts. To ensure these 
gages are durable and strong enough to survive the harsh 
manufacturing environments, the appropriate materials, 
appropriate sealing, appropriate filtration of contaminants 
(for example, oil or grease), and appropriate resistance to 
dust and lubricants are taken into consideration.

Automotive Quality Leads The Way
This progression in process development is becoming increasingly important and adds a significant boost to the 
automotive manufacturing sector, especially with the anticipated transition from internal combustion engines to 
electric car systems, leading the market to search for new and innovative solutions.

Because the automotive sector is a widely accepted example for the entire industrial chain, all standards, 
regulations, and methods, that have been developed over time specifically for metrology are becoming the 
benchmark for other industry sectors (for example, aerospace, agriculture, prototyping, and automation

To accommodate this rapidly changing environment in the measurement process paradigm, handheld gage 
manufacturers must be committed to provide their products as “smart” enough to feed the Industry 4.0 demand, 
and sturdy enough to be used on the shop floor in a fully automated flexible measuring station.
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Kyle Johns, Marposs, TESTAR division product manager. For more information, call (248) 364-2594 or email 
salesusa@us.marposs.com.
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TEST & INSPECTION

A SIMPLE TENSILE TEST CAN BE USED 
AS A QUALITY CONTROL MEASURE TO 

ENSURE THE MATERIALS MEET 
INTERNAL CRITERIA, OR FOR 

COMPARISON PURPOSES.   
By Meredith Bernstein

 — A GUIDE TO —

MECHANICAL 
TESTING

OF PAPER AND PLASTIC PACKAGING MATERIALS

In the year since the COVID-19 pandemic began upending our lives, one change among many was the huge uptick 
in the global consumption of paper and plastic products. Ecommerce saw rapid expansion in 2020 as restaurants 
shi�ed to a takeout model and consumers opted to shop online from the safety of their homes instead of visiting 
a crowded store. For those who did venture out, many stores rolled back the use of reusable bags to avoid cross-
contamination. The result of these trends is an increased demand for single-use paper and plastic packaging. 
While the appetite for these products is not new, it has been accelerated under the strains of a pandemic. To keep 
up, manufacturers of plastic and paper packaging materials consistently invest in universal testing machines to 
perform mechanical evaluations of their materials and ensure they withstand the demands of real-world use.

Packaging Testing 
When we think about all the ways paper and plastic get used and abused – walking home with a heavy paper bag 
of groceries, a plastic fork poking a bag of takeout food, a plastic package containing clothes being tossed onto a 
mail truck for delivery – it is clear why these materials need to undergo complete physical evaluation. There is 
also always the risk that sheets of paper and plastic will fail during the packaging process before even reaching 
the consumer. Knowledge of a material’s properties and functional performance is essential to ensuring that the 
product it protects successfully makes it from manufacturer to consumer without damage.

Test procedures across the packaging industry are typically established by several international organizations. 
The Technical Association of the Pulp and Paper Industry (TAPPI) is the primary group that creates and updates 
standards for the paper industry. The American Society of Test and Measurement (ASTM) and the International 
Standards Organization (ISO) are the trusted organizations for setting industry best practices for testing plastic 
films and sheeting commonly used in packaging.

The next sections discuss a few of the most common paper and plastic tests performed to TAPPI, ISO, and ASTM 
standards. These standards encompass a high-level overview, but many more standardized and manufacturer-
developed methods exist for evaluating specific applications.

Puncture Test
Packaging is commonly subjected to lacerations or 
punctures during transport, or once in the hands of 
the consumer. ASTM F1306 is a standard widely used 
to test the penetration resistance of thin flexible 
barrier materials. Testing is performed with an upper 
probe mounted to the machine’s load cell that is then 
slowly moved down onto the clamped specimen until 
failure occurs. This standard can be modified to 
simulate specific end-use applications, or the 
recommended conditions can be followed closely to 
compare material performance. Pictured is an example of a plastic bag puncture test 

performed on an Instron dual column test system.

Coe�cient Of Friction Test 
ASTM D1894 and ISO 8295 are the predominant standards used for 
determining the coe�icient of friction for thin films or plastic packaging 
materials. Testing is performed to establish both the static and kinetic 
friction values for the material when sliding over itself or other 
materials. As the machine crosshead acts in tension, a weighted sled is 
dragged across the material being tested to determine the coe�icient 
of friction. These tests are typically performed for the purpose of 
quality control in film production.

As the crosshead of the machine moves upward, the sled is pulled across the 
substrate. The frictional force, divided by the weight of the sled, is used to calculate 
the static and kinetic coefficients of friction for the material.

Peel Test
T-peel tests, like ASTM D1876, are commonly used to evaluate the 
adhesive bonds that hold together the edges or seals of a plastic or 
paper package. In a T-peel test, the two free ends of the specimen are 
each clamped and pulled in tension. This testing helps manufacturers 
ensure that these seals will not burst during transit, likely ruining the 
product they contain.

When performing a T-peel test, the primary calculations of interest are the maximum 
force and the average peel strength, calculated per width of the seal.

Tensile Test
A tensile test, or tension test, is the most basic and fundamental type of mechanical testing. As the test machine’s 
crosshead moves up, a pulling load is applied to the material, and the system measures the material’s response. 
From this data, the material’s strength and elongation can be determined. 

Popular standards used for tensile testing are ASTM D882 and ISO 527-3 for plastic sheeting and films, or TAPPI 
T494 for paper and paperboard. Additionally, TAPPI T456 is also commonly used to standardize specimen 
conditioning for wet tensile strength testing of paper and paperboard. Results are then compared to those from 
dry testing to determine a percent strength reduction. For both paper and plastic, a simple tensile test can be 
used as a quality control measure to ensure the materials meet internal criteria, or for comparison purposes. 

Tensile Testing Recommendations
The most common specimen geometry used for testing thin films or plastic or paper sheeting is a rectangular 
strip of consistent width as opposed to a dumbbell or dog bone shape. Testing rectangular strips of material 
presents several challenges, primarily that the absence of a reduced section increases the stress concentration at 
the point where the jaws grip the specimen. The recommended gripping solutions for these types of tests are 
aimed at reducing these stress concentrations and enabling specimen breaks in the center of the gage length. For 
many applications, a jaw break may indicate an early specimen failure and lead to results that do not fully 
represent the properties of the material. However, ASTM D882 states that if results from jaw breaks are 
comparable to those for specimen failure in the middle of the gage length, the results are acceptable. This is a 
good rule of thumb across all of these tests. 

For the testing of paper and plastic strips, pneumatic side action grips with line contact jaw faces are widely used. 
These faces contain a single flat face and a single face with a semi-circular surface. The single line of contact 
produces a smaller contact area and helps prevent the material from thinning and slipping out of the grips during 
testing. However, the single contact line can create a high stress concentration, and all these standards 
acknowledge that depending on the material these may not be the optimal solution, in which case smooth faces 
should be used. Pneumatic side action grips are best here, as they provide a consistent clamping pressure 
throughout testing as thin films or plastics tend to thin as they elongate.

This instrument uses red polarizing light, so the camera 
lens perceives the specimen and marks as either white, 
black, or grey. The higher the contrast between the marks 
and the specimen, the easier it is for the extensometer to 
track strain.

Line contact jaw faces, shown here clamping a textile 
specimen, are widely used for testing paper or plastic 
strips of packaging material.

Finally, ASTM D882 does not require an extensometer; it allows for crosshead displacement to be used to 
measure strain. On the other hand, ISO 527-3 requires a class 1 extensometer to fully adhere to the standard. 
However, both standards do mention the need for an extensometry solution that does not stress the specimen or 
cause the specimen to bear the weight of the extensometer. TAPPI T494 does not require an extensometer, but 
manufacturers may choose to use one to obtain the most accurate strain data. Again, the weight of an 
extensometer on a paper specimen should be avoided, so an optical extensometer is the best solution across the 
board here. Optical extensometers use an internal camera to identify and track marks applied to the specimen to 
calculate strain. They are typically integrated with the system so�ware so that results are accessible and can be 
viewed easily. Video extensometry eliminates any external weight applied to the specimen and ensures that the 
strain measured only represents the change in length of the specimen itself.

Conclusion 
As the trend of single use paper and plastic packaging products continues to expand, a universal testing machine 
is a worthwhile investment for manufacturers to evaluate raw material properties and functional performance of 
their products. Especially as more sustainable recycled materials are developed that can replace some single-
use plastics and papers, completely understanding their properties and how they compare to other materials is 
essential to ensure quality in the field. Mechanical testing of packaging materials is critical to ensuring that they 
hold up to the demands of real-world use, and that the products they protect reach the end user undamaged.
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Meredith Bernstein is an applications engineer at Instron. For more information, 
email Meredith_Bernstein@instron.com or call (781) 575-5000. 
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The Evolution 
of Quality Management Systems Software 

SOFTWARE & ANALYSIS

FROM THE CEO TO THE MANUFACTURING FLOOR, ACCESS TO DATA 
EMPOWERS THE ORGANIZATION TO IMPROVE.  

By Michael Mallen

Evolve or die, as the saying goes. Is that true for quality management and for quality management systems 
so�ware? In today’s rapidly changing world, I have to say that it absolutely is. Many of us have heard the phrases 
“Industry 4.0” or even “Quality 4.0” or simply “Digitization.” The current trend is to connect the Industrial Internet 
of Things (IIoT) and automation so that we humans can do what we do best—create and improve! 

Quality management systems (QMS) have developed over the years as computers have revolutionized our lives. 
Let’s take a look at how electronic quality management systems (eQMS) have evolved over the years.

Homegrown Systems
From basic spreadsheets to homegrown access based or SQL based systems, manufacturers embraced the 
digital era early by utilizing documents with embedded hyperlinks or linked spreadsheets with embedded 
macros (depending on the competency of the builder). However, these “systems” ran into many issues, including 
the proliferation of duplicate systems across divisions and departments, and of course, the dreaded issue best 
summarized as: “The person that built this has le� the company and we have no idea how it works.”

Point Solutions
Once the opportunity was identified, so�ware providers flooded the marketplace with point solutions for 
everything from document control to audits to process FMEAs. Companies bought so�ware developed by 
professionals, supported by 24/7 support sta�, but in reality they ended up with 15 di�erent solutions to do the 
work and none of them could communicate with each other!

Modular Solutions
In response, companies were told: “Hey, we can fix that. Our so�ware is modular. Just buy what you need and 
upgrade later.” Unfortunately that was not always the case. Modular systems relied on updating all the modules 
in the suite to the same build/release as the new module and guess what? The first three modules were 
customized to fit the business model (let’s face it, everyone is di�erent right?) and suddenly the upgrade requires 
re-implementing the first modules and rebuilding all the customizations!

Vertically Integrated Solutions
“Let’s take the burden o� the customer.” Now we are getting there—a system where all the key components work 
together: Documents to training, audits to documents, process failure mode e�ects analysis (PFMEA) to control 
plan to inspection etc., etc. Best Practices built to the needs of the specific industry by industry experts plus 24/7 
support with service level agreements to boot! But is there still room for improvement? What comes next?

“As technology has changed
so has our use of data.
Operations no longer have to
wait for a week or more to see
a printed report formulated
on Excel spreadsheets.”

Enterprise Quality Management System Solutions (EQMS)
Note that the “E” stands for enterprise not electronic. These are the current state of the art solutions. They are 
backed by large so�ware companies with seamless integrations to other key enterprise level platforms (think 
PLM, ERP, MES, MOM, etc.). Embedded metrics and KPIs tailored to the user’s role and best practices with 
optional tailoring to meet the organization’s needs. Cloud-based solutions with accessibility from any location 
and of course, full supply chain collaboration. Is this the ultimate system? Probably not. There is always room for 
improvement. But, hey, we are a long way from where we started.

Bear in mind that this change has occurred over the past 30 years, with advancements ramping up as technology 
advances, escalated at the same rapid pace. Many of these technological enhancements have had a major impact 
on how quality management practices have evolved and have been brought out of the back o�ice to allow 
quality practices to be embedded into the operational landscape. Examples of these include smartphones, 
tablets and touch screen terminals that have allowed practices such as inspections, audits and nonconformance 
management to be conducted in real time with fully integrated linkage to escalation practices at the pace the 
business needs to operate e�iciently. No longer do we need to wait for the information to trickle in and waste 
time and e�ort with follow-up or worse still, have products inspected under out-of-date standards because 
someone hoarded a bunch of printed forms!

Additionally, the shi� to cloud-based operations has had a major impact on supply chain management and IT 
support. The supply chain can now collaborate in real time with suppliers granted safe and secure access to their 
customers’ systems. These suppliers can access the latest data and work in areas such as new product 
introductions, sourcing/RFQs or corrective actions and chargebacks for when things do go wrong. IT teams can 
focus on supplying the business with the support they need rather than being focused solely on data security, 
database management or infrastructure requirements. So�ware as a Service (SaaS) has revolutionized the way 
we work and also where we work from. Imagine trying to cope with something as disruptive as the COVID-19 
pandemic without cloud-based solutions.

As technology has changed so has our use of data. Operations no longer have to wait for a week or more to see a 
printed report formulated on Excel spreadsheets by quality engineers who spend more time reporting on past 
issues than on continually improving the current state. Metrics and key process indicators (KPIs) are now 
available at the speed the business needs to be truly proactive. In addition, key management can be informed in 
real time on the status of the business, with access to dashboards that are tailored to their specific role and 
needs. Data drives action, action drives performance. From the CEO to the manufacturing floor, this access to 
data empowers the organization to improve. Translating data to information at the velocity required is key to 
remaining competitive in today’s disruptive manufacturing environment.

Finally, quality management so�ware alleviates the need to design the system yourself. Many so�ware providers 
now employ industry experts to ensure that the so�ware is designed and built with best practices built in. These 
best practices are based on experience from many industrial verticals, for example, advanced product quality 
planning from the automotive industry being used to mitigate risk in the medical device/life science industry. 
They provide the knowledge and experience required to ensure that your system will continue to address the 
challenges your organization faces and eliminates the risk of homegrown so�ware or paper-based solutions. 
EQMS so�ware is now focused on mitigating risk and enabling a truly proactive, prevention-focused operation.

What does the future hold for this quality so�ware? Businesses are constantly changing and systems must be 
able to evolve and adapt just as quickly. So�ware solutions that can be tailored to our current operational profile 
must also allow the system to remain upgradable to take advantage of new technology. As technology advances 
continue, EQMS systems will become crucial to operations, just like ERP systems. A truly integrated and flexible 
solution will drive manufacturers forward with visually-based systems driven by artificial intelligence that will 
mine data for insights and trends. Systems will make suggestions based on machine learning at a pace that we 
have not seen before and will help develop our key resources, our people, by training them on key skills and 
advising them on data-driven decision making. 

Our systems will also have to change to embrace the rich, visual engaging preferences of the new generation of 
employees (millennials, Gen Z and onwards). These people will not want to focus on field-based systems of old. 
Augmented reality may provide the solution to help new employees become highly skilled very quickly. So�ware 
providers must change and adapt or face losing in the new marketplace. My hope is that the systems will mitigate 
the compliance/regulatory risk so that we can focus our energy on creative thinking and continual improvement 
for the good of society while doing so in such a way that engages and develops our people.

Opening Video Source: gorodenko� / Creatas Video+ / Getty Images Plus via Getty Images.

Image Source: milanvirijevic / E+ via Getty Images.

Michael Mallen is a quality management expert at QAD where he brings 30 years of experience in manufacturing, 
engineering and the development and management of quality systems. In his current role, Mallen consults with 
organizations in several industry verticals including automotive, life science, and food and beverage to improve 
the effectiveness of their business processes and maximize the ROI from QAD software. His accreditations include 
Lean Six Sigma Master Blackbelt, ASQ Certified Quality Manager, and Lead Auditor / Internal Auditor.
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The Quality Profession
since the Pandemic

MANAGEMENT

WHILE SOME CONCERNS REMAIN THE SAME, MANUFACTURERS FACED NEW 
CHALLENGES OVER THE PAST YEAR. 

By Michelle Bangert

A lot has changed since March 2020. 

That’s when the last Quality State of the Profession survey was 
conducted. The survey was fielded March 9-10, 2020. The next 
day, WHO declared COVID-19 a pandemic, and it was declared 
a national emergency in the U.S. a few days a�er that. This 
year’s survey reflects the changes wrought by the pandemic as 
well as ongoing issues in the quality field. 

While COVID-19 was a top challenge, the quality profession 
remains strong, as respondents said they enjoyed their work 
despite barriers such as skilled labor shortages and quality 
compliance initiatives. 

This year’s survey reflects those changes. Clear Seas Research, 
in conjunction with Quality, has conducted a State of the 
Profession study in order to provide detailed information on 
professionals involved in quality operations. 

Quality Expert O�ers Her Take On The 
Profession
Quality expert Grace Duffy offers her take on the 2021 
Quality State of the Profession survey results. Learn 
what your peers in the industry are working on now.

As in the past, the goals of the study were to learn about trends in employee compensation, hours and job 
constraints; overall job satisfaction; improvements to quality; and a demographic profile of industry 
professionals. This year the survey delves into the impact of COVID-19 on your operations during the past year. 

A Closer Look 
Before we begin talking about the survey results, let’s take a look at who responded to the survey. Who is in the 
industry? 

Quality management is the job function most held by the respondents, followed by quality engineering. Nearly 
half of respondents hold an engineering-related job function.

More than three-quarters of respondents indicate quality focused roles are a part of their manufacturing 
department, followed by nearly two-thirds with quality roles in operations.

The respondents are an experienced group, with a mean of 23 years in the quality manufacturing industry. 
Twenty-eight percent have been in the industry for more than 30 years. Only 10% have been in the field for less 
than five years.

With all of that experience comes some supervisory responsibility. Fi�y-nine percent supervise 10 people or less. 

Industries Company Manufacturers Products For
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In Good Company
More than one-third of respondents are involved with components/parts manufacturing and OEM 
manufacturing. Respondents manufacture products for various industries, from aerospace (31%) to primary 
metal (4%). 

Two-fi�hs of respondents’ companies report their 2020 annual revenue to be $100 million or more. The median 
company revenue is $44 million.

More than half of respondents’ companies employ 500 or fewer employees including all locations. Quality sta� 
size remained mostly consistent during the past year, though one-third of respondents reported a decrease. 

All of the respondents have manufacturing locations in the United States. Fi�y-two percent have manufacturing 
operations only in the U.S. 

For companies with other locations, they have three countries/regions on average. Top locations besides the U.S. 
were China (26%), Mexico (25%) and Canada (21%). Other locations include Germany, the United Kingdom, India, 
Brazil, France, and Japan. 

Job Factor Impact
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Satisfaction & Compensation
Not surprisingly, COVID-19 restrictions/safety guidelines topped the list of challenges expected ahead. Forty-
eight percent anticipated being a�ected by it. Other job barriers were skilled labor shortages (45%) and quality 
compliance initiatives (40%). Interacting with suppliers and time constraints rounded out the list of the top five 
concerns.  

What contributes to job satisfaction? Ninety-three percent of respondents said the job overall is the most 
important factor that contributes to their job satisfaction, followed by their company’s commitment to quality. 
This aligns with past years as well. 

Other significant factors include: work environment, pay, benefits, corporate leadership, and opportunities for 
advancement. 

While compensation is a big factor at any job, it is worth noting that this came in at fourth on the list, mentioned 
as extremely important for 79% of respondents, which was the same for benefits. What is the average salary? This 
year respondents earned, on average, an annual salary of $90,000. More than half of respondents receive an 
annual bonus. Of those, the average amount is about $10,000.

Company Improvement Focus
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And even during this unusual time, more than half of respondents report a salary increase compared to the past 
year, on average by 5%. Fi�y-nine percent expect a salary increase at their next performance review.

And how satisfied are respondents? The news is good: 80% said they were extremely satisfied with their job 
overall. On the other end of the spectrum, the professional surveyed are an ambitious group: only 47% said they 
were satisfied with the opportunities for advancement. 

They are also looking to improve their skills. Workforce skill improvement was ranked the largest job-related 
concern. The following were also top concerns: economic conditions, salary and management support. 
Respondents were less concerned about company mergers or acquisitions, outsourcing, privatization, and 
automation. It’s worth noting that even during a pandemic, economic conditions and salary were still not the 
most important concern.

Technology Involvement
Don’t Know No plans to use at all Under discussion to use in next the 3-5 years or more Under discussion to use in the next 1-2 years Currently use

0%
100%

80%
-80%

60%
-60%

40%
-40%

20%
-20%

Augmented/Virtual reality

Artificial Intelligence/Predictive data analytics

APIs (application programming interface)

Integration of smart, connected machines and manufacturing assets with the wider enterprise

Digitization

Additive manufacturing/3D printing

Robots

Cloud services/computing

Automation

In terms of companywide improvement, respondents also had some ideas. A�er all, quality professionals are in 
the continuous improvement field. They believe companies should focus first on improving training, hiring new 
labor, developing sales growth, and/or improving quality assurance over the next year.

New technology is definitely a part of improving quality. Respondents are adopting a range of technologies, from 
robots to cloud computing to automation, but 41% prefer to wait to adopt a new technology until others use it. 
One-third are willing to be early leaders. 

Business Outlook - Areas of Concern
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And how do responds think COVID-19 will a�ect their work going forward? 

One-in-five respondents were not concerned with the impact COVID-19 will continue to have on their business. 

For those who weren’t concerned, they listed reasons such as vaccine availability now. For some, their business 
grew during the pandemic. One wrote, “We are an essential business; we grew by almost 30% last year to the 
needs of our customers.” However, three-in-ten were still very concerned with COVID-19’s continued impact. 
(With the survey fielded March 11-15, this may have changed.) One respondent wrote, “Access to people and 
customers is limiting our work”

South 18%

Northeast 16%Midwest 52%

West 15%

Region

Respondent Pro�le
Let’s take a closer look at the survey respondents. The mean age is 54 years old, and 84% are male. Forty-two 
percent have a bachelor’s degree. The largest group (52%) are located in the Midwest, followed by the South at 
18%, the Northeast at 16%, and the West at 15%. 

The survey had a 1.2% response rate and 205 complete surveys. Each respondent received a $10 gi� card. Thank 
you to all those who participated. We appreciate hearing your thoughts during this time. 

Opening Video Source: Gol�ywatt / Creatas Video+ / Getty Images Plus via Getty Images.

Michelle Bangert is the managing editor of Quality. 

JULY 2021  |  VOLUME 60  |  NUMBER 7

https://www.innovmetric.com/
https://players.brightcove.net/599585967001/H1WuRB5SZ_default/index.html?videoId=6259288698001


https://onlinexperiences.com/scripts/Server.nxp?LASCmd=AI:4;F:QS!10100&ShowUUID=0AAF6ED4-0387-4651-85D8-B50D4F662D7E&LangLocaleID=1033&AffiliateData=Jul21eMag


Products
THE LATEST PRODUCTS TO HELP YOU IMPROVE YOUR MANUFACTURING 

PROCESS
Mitutoyo America MF/MF-U Microscope 
Packages
Mitutoyo America Corporation announced the release 
of the new MF microscope packages that include the 
M2 geometric so�ware and touch-screen tablet as 
well as a retrofit package for D generation MF and MF-
U microscopes in the field.

The M2 so�ware is easy to use and allows for graphic-
based part view feature construction and generating 
popular construction types like distances and tangent 
lines. The so�ware also allows a user to apply 
geometric tolerances, view deviation results and then 
export the data and create reports.

Other features with the new MF/MF-U Measuring Microscopes with Metlogix M2 So�ware and an easy-to-use 
touch- screen tablet include:

Highest measuring accuracy in its class

Stage travel range up to 400mm x 200mm / 16in x 8in

Quick release mechanism and zero-set buttons on stage controls increase operability when working 
larger workpieces

Easy to use all-in-one PC Touch Screen Display

M2 Geometric 2D Measurement So�ware

Camera port is standard on all models

Wide range of objectives available from 1x to 100x

M2 Retrofit package available for D generation MF and MF-U microscopes

Mitutoyo America
https://www.mitutoyo.com/wp-content/uploads/2021/04/MF_wM2-pkgs-lit-npi.pdf

Verisurf 2021 Software
Verisurf So�ware Inc. announced its new Verisurf 
2021 release. 

Verisurf 2021 has new and enhanced features that 
increase measurement and inspection productivity, 
from CMM plan creation through execution, 
particularly for Renishaw PH20 5-axis touch-trigger, 
and REVO 5-axis scanning probes. Users can also look 
forward to additional CMM controller support, 
enhancements for GD&T feature control frames and 
ballooning, and updated So�ware Development Kit 
(SDK) for custom user interfaces, integration of 
robotics, and automating processes across the 
manufacturing enterprise.

Verisurf measurement and inspection so�ware is dedicated to Model-Based Definition (MBD) and built on a 
CAD/CAM platform. This enables greater compatibility, workflow integration, and more complete end-to-end 
solutions customers require. 

New Verisurf 2021 highlights include:

5-Axis CMM programing with support for Renishaw PH10, PH20, and REVO heads

External Productivity Utilities provide time-saving tools and shortcuts

CAD Translator V8.0 with new assembly import and management features

Thickness feature for Dynamic Surface Point improves CMM Plan creation

Digital Product Definition compliance – Boeing, PTB, NIST

Custom Clearance CMM Path added to Generate Path tool

Power Surface option to Orient Starter Plane for surface fit 

Power Surface is enhanced to support point clouds or meshes in addition to existing wireframe 
capabilities

Power Surface tools to use starter plane fit options such as least squares, minimum zone, or graphics 
view, plus an option to use point vectors to help for a better surface fit

SolidWorks Inspection First Article & Balloon Dwg Reports using Verisurf - SOLIDWORKS Inspection 
added to Report Database output

GD&T Feature Control Frames added to CMM Plans and Measured Features staying current with ASME 
and ISO protocols

Verisurf Device Interface (VDI) upgrades for new laser trackers and CMMs

So�ware Development Kit (SDK) Enhancements for communication with other cooperative devices

Feature Align improvements use nominals from the Plan to automatically create a WCS, improving 
workflow and flexibility

Best Fit feature includes multiple enhancements for automated CMMs and user-prompted inspection 
routines for manual and portable CMMs

CAD is at the foundation of Verisurf so�ware and 2021 includes new features and improved user 
experience for model-based inspection productivity. 

Verisurf So�ware Inc. 
http://veri.surf/2021

Nikon Metrology NEXIV Series CNC Video 
Measuring System
Two new models have now been added to Nikon 
Metrology's latest NEXIV S-range of CNC video 
measuring systems suitable for in-line, automated 
dimensional measurement tasks. 

The CNC video measurement system NEXIV can 
automatically measure the dimensions of component 
features using Nikon's optical and image processing 
technology. By analyzing the captured image of a 
component, detecting feature edges at high speed, 
both accurately and with repeatably, it is possible to 
quickly measure components with simple and 
complex features. 

With the growth in demand for measuring smaller components with higher performance, and the huge increase 
in the number of electronic components installed in automobiles, there is a greater need for video measuring 
systems to measure more components at higher speeds in automated production lines.

The NEXIV VMZ-S series has realized this increased throughput by maintaining and enhancing the performance of 
the previous model, the NEXIV VMZ-R series. In November 2020, Nikon released the first in the line-up of new 
VMZ-S systems, the VMZ-S3020, which is part of the fourth generation of the NEXIV series. The VMZ-S4540 and 
VMZ-S6555 now join and expand this line-up and are perfect solutions for medium and large components or for 
loading multiple components.

Now that the full line-up of NEXIV VMZ-S series is available it is possible to select the most suitable machine 
according to a customer’s applications and installation environment. In addition, by utilizing the Remote Control 
SDK so�ware (optional), multiple NEXIV systems can be fully integrated into the production line and systems can 
be accessed and operated remotely. 

The NEXIV systems obtain the highest level of measurement accuracy using an exceptional stage featuring high-
precision linear encoders. The NEXIV VMZ-S series is capable of capturing and processing images at higher speeds 
than its predecessor the NEXIV VMZ-R series. This has made it possible to reduce the component measurement 
cycle times without compromise in accuracy or reproducibility.

Nikon has designed an optimized optical system to deliver high quality images and accurate measurement data 
from within the field of view. With a movable LED ring light and an 8-segment LED illumination, it is possible to 
resolve and capture the edges of complex shapes. In addition, a high-speed laser, scanning at 1000 points/sec 
can acquire the cross-sectional profile across a surface and evaluate the relative heights. This meets the surface 
quality and feature measurement needs across a wide variety of samples.

The measurement so�ware environment of AutoMeasure realizes high accuracy, high speed, and delivers simple 
measurement functions. A large library of valuable tools is available to use in a user-friendly GUI. For simple 
components, a support function will automate part of the measurement programming process.

The joystick unit used to move the stage and measurement head has also been redesigned for even greater ease 
of use for the operator.

Up to 10 NEXIV systems can be controlled remotely by using Remote Control SDK (optional), enabling centralized 
management and distribution of measurement programs and results all from one place. By controlling NEXIV 
and measurement programs from a remote location away from the production line, such as a control room or 
o�ice, manpower can be streamlined, and productivity improved.

With the increasing demand for full automation of the production line especially within the semiconductor 
industry, the need for automated measurement solution is also increasing. By combining the NEXIV VMZ-S series 
with in-house or 3rd party automatic wafer loader systems, the process of loading wafers and feature 
measurement can be e�iciently automated.

Nikon Metrology, Inc.
www.nikonmetrology.com

ABB Next Generation Cobots
ABB is expanding its collaborative robot (cobot) 
portfolio with the new GoFa™ and SWIFTI™ cobot 
families, o�ering higher payloads and speeds, to 
complement YuMi® and Single Arm YuMi in ABB’s 
cobot line-up. These stronger, faster and more 
capable cobots will accelerate the company’s 
expansion in high-growth segments including 
electronics, healthcare, consumer goods, logistics 
and food and beverage, among others, meeting the 
growing demand for automation across multiple 
industries.  

GoFa and SWIFTI are intuitively designed so 
customers need not rely on in-house programming 
specialists. This will unlock industries that have low 
levels of automation, with customers able to operate 
their cobot within minutes of installation, straight out 
of the box, with no specialized training. 

ABB’s cobot portfolio expansion is engineered to help existing and new robot users accelerate automation amid 
four key megatrends including individualized consumers, labor shortages, digitalization and uncertainty that are 
transforming business and driving automation into new sectors of the economy.  The expansion follows the 
Business Area’s focus on high-growth segments through portfolio innovation, helping to drive profitable growth.   

GoFa and SWIFTI are engineered to help businesses automate processes to assist workers with tasks including 
material handling, machine tending, component assembly and packaging in manufacturing, medical 
laboratories, logistics hubs and warehouses, workshops, and small production facilities.

Users comfortable with operating a tablet or smartphone will be able to program and re-program the new cobots 
with ease, using ABB’s fast set-up tools. Customers will also benefit from ABB’s global industry and application 
expertise, which has been developed from installing more than 500,000 robot solutions since 1974 and 
supported by ABB’s network of over 1,000 global partners.

The new GoFa and SWIFTI cobot families build on the success of ABB’s YuMi family, which has been helping 
businesses safely automate key tasks since YuMi was launched in 2015. Today, ABB’s YuMi cobots are working 
alongside people in factories, workshops and laboratories all over the world, performing tasks from screwdriving 
and assembling electronics and electrical components, to making valves and USB sticks, and testing COVID 
samples in laboratories.

Every ABB cobot installation includes a start-up package that provides ABB Ability™ condition monitoring & 
diagnostics as well as a support hotline free for the first six months to access ABB’s expert technical assistance, 
which is o�ering support across all industry segments.

ABB
www.abb.com/robotics

FLIR Systems Radiometric Version Of Boson 
Thermal Imaging Camera Module 
The Boson® camera core represents the best in FLIR 
high-performance uncooled thermal imaging 
technology within a small, lightweight, and low-
power package, and now FLIR partners and 
customers will have the option to purchase 
radiometric versions that can capture the 
temperature data of every pixel in the scene.  

The new Boson radiometric camera core comes in two versions, 640 x 512 or 320 x 256 resolutions with multiple 
lens configurations and the ability to capture temperature data for quantitative assessment. The camera core is 
meant for use in systems across a variety of applications including firefighting, surveillance, security, unmanned 
systems, industrial inspection, and fixed-asset monitoring.

Featuring radiometric accuracy provides ±5 °C (±8 °F) or ±5% temperature measurement accuracy, the Boson 
Radiometric cameras include a Spot Meter Accuracy so�ware feature that provides an assessment of how 
accurate a given temperature measurement appears in the scene. Available as telemetry data accessed through 
the Boson SDK or the Boson graphical user interface (GUI), this feature provides guidance across five confidence 
grades o�ering in-the-moment assessment to help improve temperature measurement confidence. 

In addition, the Spot Meter Accuracy so�ware feature gives operators the ability to account for dynamic ambient 
temperatures, along with the ability to configure measurements prior to operation, including adjusting emissivity 
and thermal gain settings. These functions are crucial for outdoor environments and the swi� movements of 
unmanned aerial drones and automated ground vehicles. The so�ware also o�ers inspection and assessment 
features, including spot meters and windows that pinpoint temperature measurement in the scene that the 
camera is focused on, and atmospheric correction capabilities during post-processing analysis. 

The Boson thermal imaging cores utilize a high sensitivity 12-micron pixel pitch detector that provides high-
resolution thermal imaging in a small, low power, lightweight, and turnkey package. 

All Boson cores feature FLIR infrared video processing architecture, noise reduction filters, and local-area 
contrast. The imaging processing capabilities accommodate industry-standard communication interfaces, 
including visible CMOS and USB.

Flir Systems
https://www.flir.com/products/boson/

Lucid 5.0 MP Phoenix, Triton Polarization 
Cameras
Lucid Vision Labs Inc., announced that its new 5.0 MP 
Phoenix™ and Triton™ polarization cameras featuring 
Sony’s latest Polarsens™ IMX264MZR/MYR CMOS 
sensors have entered series production. 

Sony's next generation of polarization sensors o�er 
high quality polarized imaging at a significantly lower 
price point. Lucid’s latest Triton and Phoenix 5.0 MP 
polarized cameras feature the new IMX264MYR (color) 
and IMX264MZR (mono) polarized CMOS sensors. They 
use four di�erent directional on-chip polarizing filters 
(0°, 90°, 45°, and 135°) on every 2 by 2 array of pixels, 
allowing highly accurate alignment with the pixel array. 
Furthermore, Polarsens technology has a global 
shutter read-out, high frame rates, ROI control and 
trigger modes to further improve the image capture 
performance. 

 All Lucid cameras conform to the GigE Vision 2.0 and GenICam3 standards and are supported by Lucid’s own 
Arena so�ware development kit. The Arena SDK provides customers with easy access to the latest industry 
standards and so�ware technologies. In addition, the so�ware o�ers enhanced polarization functionality such as 
on-camera polarization processing and so�ware visualization tools to accelerate the development for polarized 
imaging applications. The SDK supports Windows, Linux 64bit and Linux ARM operating systems, and C, C++, C# 
and Python programming languages. The new polarization cameras Phoenix (PHX050S1-P/Q) and Triton 
(TRI050S1-P/Q) are now in series production and available for order. 

Lucid Vision Labs Inc. 
www.thinklucid.com

Allied Vision Alvium 1800 USB Cameras
With Alvium 1800 U-2460, Alvium 1800 U-2040, and 
Alvium 1800 U-1620 Allied Vision adds three high-
performance Sony fourth generation IMX back-
illuminated CMOS sensors with Pregius S global 
shutter technology to its Alvium Camera Series. The 
Alvium 1800 USB cameras combine a compact sugar 
cube format with large high-resolution sensors and 
thus o�er the highest possible resolution within such 
a small housing.

Available with both an USB3 and a MIPI CSI-2 interface the Alvium 1800 C/U-2460 delivers images with a 
resolution of 24.6 Megapixel thanks to Sony’s high-resolution IMX540 sensor. The Alvium 1800 U-2040 is the first 
model of the Alvium USB3 camera series with a square sensor. It combines a square sensor format with a C-
mount in a sugar cube housing and is thus an ideal choice for microscopy applications. It features the 20.4 MP 
Sony IMX541 sensor enabling a frame rate of 17 fps. Alvium U-1620 is equipped with the IMX542 sensor with a 16:9 
wide screen format o�ering almost twice the resolution of the comparable 2nd generation Sony IMX sensor 
IMX265 with the same size making it especially attractive for ITS applications demanding high-resolution images.

The three sensors feature an improved back side illuminated pixel architecture that can capture light more 
e�ectively, which leads to improved quantum e�iciency (QE) compared to 2nd and 3rd generation IMX sensors. 
High quantum e�iciency, lower readout noise and higher spatial resolution result in excellent image quality with 
high dynamic range. Because of the decreased pixel size of 2.74µm higher pixel densities (i.e. resolutions) for the 
same optical format are possible.

In addition to the three cameras with Sony 4th generation IMX sensors Allied Vision adds the NIR-enhanced 
Alvium 1800 U-501c NIR as a color camera to the existing monochrome version. It is equipped with OnSemi’s 
rolling shutter sensor AR0522 that has a particularly good performance in the NIR region of the spectrum (i.e. 
above 750nm wavelength). It therefore performs very well in low light scenarios (e.g. at dusk or dawn).

All cameras will be available with di�erent housing variants (closed housing, open housing, bare board) as well 
as di�erent lens mount options. The USB interface can be located either on the camera back side or le� side (as 
seen from the sensor).

Allied Vision
www.alliedvision.com

JAI Spark Series SP-25000-CXP4A Camera
JAI introduced the Spark Series SP-25000-CXP4A, a 
new 26-megapixel high performance industrial area 
scan camera capable of providing full resolution 
images at 150 frames per second. The new camera is 
available in monochrome and Bayer color versions, 
which are equipped with four-channel CoaXPress v2.0 
interfaces capable of providing data, transfer at the 
fastest rate currently supported by the CoaXPress 
standard – 12.5 Gbps per lane (50 Gbps total). 

With its combination of high resolution, high frame rate, and C-mount optical format, the SP-25000-CXP4 is 
designed to provide an upgrade path for customers using older 12-megapixel or 16-megapixel cameras in 
applications like automated optical inspection (AOI) or solder paste inspection (SPI) on printed circuit boards, as 
well as high-speed medical slide scanning, aerial imaging, and other applications where resolution and high 
frame rates are critical factors. By delivering higher resolution images while maintaining frame rates, which are 
comparable to the fastest 16-megapixel cameras, these new cameras enable builders of these types of inspection 
systems to achieve detailed inspections over large areas with fewer cameras or fewer image captures, providing 
better throughput at lower system costs.    

The SP-25000-CXP4 models incorporate the Gpixel GMAX0505 CMOS Global Shutter imager with a resolution of 
5120 x 5120 pixels. The 2.5-micron pixel size results in a 1.1-inch optical format supporting the use of C-mount 
lenses to provide additional system savings in both cost and size.

Standard camera features include both single ROI and multi-ROI modes, which can increase frame rates or 
reduce data volumes for certain applications. Other notable features include horizontal/vertical image flipping, a 
128-index Sequencer function, an auto-level control (ALC) function that intelligently integrates auto-gain and 
auto-shutter actions, and a lens control capability for transferring commands to lenses connected via Birger 
Mounts.    

The CoaXPress v2.0 interface lets users take advantage of link sharing capabilities for high-speed parallel 
processing of images that are split across multiple PCs or the same image can be duplicated to multiple PCs with 
di�erent sub-applications running on each.  

Overall size of the cameras is a compact 62 x 62 x 60.5 mm including lens mount and cooling fins.

JAI 

www.jai.com

Mitutoyo America EJ Counters, LG100 Series 
Linear Gages
Mitutoyo America Corporation is pleased to announce 
the release of new EJ Counters and LG100 Series 
Linear Gages to its expansive sensor lineup of 
metrology products. 

EJ Counters and LG100 Series Linear Gages are 
designed to be used inline or in measurement cells, 
enabling real-time measurement and data 
management in any type of work environment. 
Features of the EJ Counters and LG100 Series Linear 
Gages include: 

Environmental Resistance: Sliding durability of more than 50 million cycles*, with protection level of 
IP67G. A highly oil-resistant material is used in the rubber cap and cable sheath, so it can be used even in 
harsh environments (*10 mm range models)

Reference Point Detection: Reference point signal output functions are featured throughout this series. 
When incorporating into a device the master setting value is easy to set and is retained a�er shutdown. 

Combines compact size and ease-of-use: High-speed and compact, delivering production site 
visualization, improved productivity, and information feedback. Up to 8 compact EJ Counters can be 
linked providing the capacity to connect to 16 gages. On a DIN rail, each unit can be connected directly 
without using cables to maximize space. All linked units and gages can be driven by a single power 
source.

CC-Link connection, USB connection: Data can be output through an industrial interface (CC-Link) by 
linking a compact EJ Counter with an interface unit. Constant data monitoring and positional 
management are performed. A USB interface is also provided for easy connection with a computer. 

Calculation Function: Enables sum di�erence operations between two gages connected to the same 
counter. Additionally, functions such as tolerance judgment and peak hold are included.

Mitutoyo America
www.mitutoyo.com

Olympus WeldSight Software
Olympus’ release of its WeldSight™ companion PC so�ware for the OmniScan™ X3 phased array flaw detector 
provides inspectors with powerful tools to push the boundaries of flaw characterization and sizing. Compatible 
with conventional UT, phased array (PA) and time-of-flight di�raction (TOFD) acquired data, the so�ware enables 
inspectors to perform thorough post-inspection analyses that comply with strict validation requirements of 
international standards.

Experienced PAUT inspectors can perform advanced validation of indications using the so�ware’s weld analysis 
tools. Inspectors will save time with powerful screening capabilities that cut down the need for cross validation. 
They can characterize and orient flaws faster, even in complex geometries, by merging distinct scan files and 
using multiple view options to examine the weld in detail from all sides.

WeldSight so�ware is also equipped with a geometry-based weld gate that generates a C-scan using data from 
inside the weld only. This as well as other exclusive post-inspection functionalities give inspectors the ability to 
fully exploit and fine-tune their OmniScan X3 acquired data to accurately pinpoint the areas of interest and 
precisely size and characterize flaws.

To enable inspectors to comply with the requirements of a specific procedure, application or code, the so�ware’s 
scan data displays can be dragged and dropped to create a customized layout. Acquisition data integrity can also 
be validated and improved with the missing data statistics, editable gates, and encoder recalibration tools.

Olympus 
www.Olympus-IMS.com

Branson GMX-20MA Ultrasonic Metal Spot 
Welder
Emerson announces its new Branson™ GMX-20MA 
ultrasonic metal spot welder, an advanced spot 
welder that bonds nonferrous metals, including bus 
bars, foils, switches, and wire terminations in 
automotive electrical systems, electric vehicles, 
batteries and battery packs, power storage systems 
and related applications.

The GMX-20MA metal spot welder is built around an all-new, rigid pneumatic actuator with dual linear bearings 
and a digital load cell to ensure smoother vertical motion and more precise downforce control for maximum 
weld quality and repeatability. Actuator travel and tool positioning relative to the welded parts are tracked and 
measured using a linear encoder. Once tooling/part contact is made, a digital load cell measures and maintains a 
precise level of actuator downforce on the parts, ensuring that weld energy is accurately delivered and 
consistent weld quality is assured from one weld to the next.

The programmable controls of the GMX-20MA enable operators to manage the welding process in multiple 
modes: time, energy, peak power and distance. These versatile weld modes, together with the welder’s advanced 
digital controls, ensure the added precision required to maintain tight weld process control despite occasional 
variations in part surface quality or cleanliness. In most cases, the high-frequency, lateral scrubbing action of the 
ultrasonic tooling eliminates the need to pre-clean parts.

The GMX-20MA is programmed through a user-friendly, touchscreen human-machine interface (HMI) housed in 
the unit’s Branson 2000Xd power supply/controller. The touchscreen makes creating, editing and recalling stored 
production recipes fast and simple. The touchscreen HMI also opens up access to the unit’s multiple welding 
control modes and enables users to configure production- and quality-monitoring solutions.

Throughout the production process, the GMX-20MA power supply/controller continuously compiles and stores 
extensive weld quality and traceability data. It also conducts amplitude stepping for optimization of weld 
strength and appearance, with built-in cycle counters to track production. Total cycle time can be displayed in 
the weld results screen, which allows user to monitor key operating parameters. The unit’s Visual Quality Screen 
(VQS) monitors and displays real-time quality data so that even small variations can be identified and corrected 
immediately.

Emerson
https://www.emerson.com/en-us/news/automation/21-02-ultrasonic-spot-welder

OptVol Leak Testing Technology
Manchester-based engineering company VES announced the launch of its OptVol TechnologyTM, a recent 
innovation in helium leak testing. A helium leak testing system that incorporates OptVol Technology benefits 
from a small footprint, easily interchangeable tooling for di�erent product variants and a lightweight design for 
ease of movement between production lines, as production demands change.

The company have completed a formal analysis comparing OptVol Technology with traditional hard vacuum 
tracer gas systems and have recorded significant improvements across all data points.

74% reduction in footprint

85% reduction in weight

10% improvement in cycle times  

92% reduction in power consumption

44% reduction in helium consumption

VES
https://vac-eng.com/configurator-product/optvol/
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Ensuring Aerospace Component 
Quality with CT-Data Analysis and 
Visualization Software

The GE9X is the company’s most quiet, fuel-ef�cient, 
clean-burning and powerful commercial aircraft engine 

to date. Image courtesy of General Electric.

FOR AS LONG AS THERE HAS BEEN COMMERCIAL AND 
MILITARY FLIGHT, AIRCRAFT COMPONENT SUPPLIERS HAVE 
BEEN CHARGED WITH PROVIDING DIMENSIONAL AND 
PROCESS CONTROL-RELATED DATA.

Aerospace and defense manufacturing, and associated maintenance and repair operations (MRO), are 
undergoing some fundamental technology shi�s right now. One of the drivers of this is additive manufacturing 
(AM), also known as 3D printing, which is having a profound e�ect on the way that air- and space-cra� designers 
and part-replacement makers go about their work. Gone are the constraints of traditional manufacturing, 
replaced by a sense that the sky is quite literally the limit thanks to AM’s virtually endless design freedom and the 
development of printable, high-performance metal alloys. With this comes shorter supply chains, faster 
development and delivery cycles, and the ability to iterate at speeds never before possible.

Similar benefits are derived from the use of non-metal advanced materials for aerospace such as carbon fiber 
and glass- or ceramic-filled composites, some o�ering significantly higher strength-to-weight ratios than 
aluminum and even titanium. These materials provide a far greater degree of design freedom compared to their 
traditionally manufactured sheet metal counterparts, opening doors to greater flight e�iciency. 

Orientation analysis carried out on a glass-�ber-reinforced sheet-molding compound (SMC). Each direction is coded by a certain color. This orientation data can be 
used to obtain �ber orientation distributions over the thickness to validate �ow simulations and to provide reliable data for the structural simulation. Image courtesy 
of IAM-WK / KIT (Institute for Applied Materials/ Karlsruhe Institute of Technology), Germany.

VALIDATING INTEGRITY
Whether metal or composite, what’s needed first and foremost are ways to validate part integrity, whatever the 
manufacturing method. For as long as there has been commercial and military flight, those producing 
components for aircra� have been charged with providing dimensional and process control-related data to their 
OEM customers—but have le� proof of raw material integrity to their suppliers in the form of material 
certifications. 

However, particularly in the case of AM, with the associated transformation that happens during the solidification, 
sintering (L-PBF or SLM), photocuring, or deposition (EBM) processes, material certs alone are not always 
su�icient for flight-critical components. Similarly, when composites assume roles that their metal counterparts 
cannot, manufacturers using these materials must o�en peer deep inside their wares to fully evaluate their 
integrity. In all such cases, only computed tomography (CT) scanning will do. 

Industrial CT scanning is similar to the technology used by medical practitioners to peer inside the human body, 
but employs a far more powerful X-ray source to do so. This capability allows manufacturers to see through 
practically any material with ease, digitally capturing 2D X-ray projection images, then reconstructing them into 
highly accurate 3D models via advanced so�ware. 

Aside from building 3D models such so�ware can also analyze the wealth of information contained within them. 
This includes a range of dimensional and structural data that technicians can check for defects such as porosity, 
delamination, cracks, and other failure modes, all of which would otherwise go undetected. And because 
industrial CT’s scanning powers are limited only by that of the X-ray source and the amount of time spent “under 
the beam,” there is little that can’t be inspected. 

CT-data analysis and visualization software wall thickness analysis (WTA) on a topology-optimized, 3D-printed satellite bracket. The WTA shows the distribution of 
different wall thicknesses throughout the part. Image courtesy Volume Graphics

POWERFUL YET EASY-TO-USE
Much of this capability is relatively new, driven by recent gains in high-performance computing and the 
development of powerful algorithms. Further, CT analysis and visualization so�ware is much easier to use than it 
once was, allowing a layperson to do what once required a skilled technician. Because of this, complex 
engineering and metrology-related questions are answered far more easily than even a few years ago. 

Consider an aircra� manufacturer striving to quickly validate the integrity of a new carbon-fiber component in 
R&D or in early manufacturing. CT scanning helps them analyze their interior structures for fiber orientation, 
layer thickness, delamination, and similarly hidden characteristics so that the manufacturer can be certain that 
the product will perform as expected. 

Comparable arguments can be made for 3D-printed metal turbine blades and housings, fuel injectors, mounting 
brackets, landing gear, and the countless other parts now being made with laser-based powder bed printers and 
other AM technologies, all of which are routinely scanned with CT. Here, individual grains of metal powder are 
fused together via a laser or electron beam, making it imperative that manufacturers have the means to validate 
final metallurgical integrity. 

Whether 3D printed or cast using traditional methods, one primary concern with any metal is porosity, which is 
hard to detect depending on the surrounding geometry without destructive testing. Not only does cutting up a 
finished part destroy the workpiece, what’s learned is far from comprehensive, since any adjacent, untested part 
sections might present completely di�erent results. Here again, nondestructive CT scanning and analysis of a 
part and its surroundings together can not only identify porosity, but also inclusions, cracks, stratification, and 
even density, providing clues as to material strength and potential failure zones. 

Local orientation histograms of a woven fabric are shown in yellow. Using the principal orientations of these histograms allows engineers to measure the local 
shear angle of the material after the draping process. Image courtesy of Volume Graphics.

FILLING IN THE GAPS
In many instances, CT analysis so�ware can outstrip the capabilities of the CT scanner itself. For instance, when 
details within a very thick part or part feature are at the contrast limit of the material being scanned, intelligent 
image processing can use the available data to visualize details that are below the resolution limit. Other defect-
analysis functions can deliver information as to why a component is good or bad—by evaluating the size and 
shape of internal artifacts relative to their distance from a wall, for example, and determining whether such 
defects might impact the component’s strength. 

CT scanning and analysis play an increasingly important role in metrology as well. Because the digitally 
constructed 3D models are so accurate, users can extract all manner of dimensional data from a single platform. 
This is particularly important in the case of 3D-printed parts, given metal AM’s ability to create complex 
passageways and internal features that cannot be reached with coordinate measuring machines (CMMs) and 
traditional measuring tools. Further, both 3D printed parts, and many composite parts, can consist of free-
flowing, organic shapes filled with curves and non-linear surfaces that are di�icult to measure via conventional 
means. Given the right so�ware tools and a high-quality CT scan, however, these metrological obstacles are easy 
to overcome. 

As with traditional manufacturing, CT scanning is also used to help develop processes and then qualify first 
articles, a step known as the production part approval process, or PPAP. With some flight-critical components, 
manufacturers using novel materials or technologies might be required to perform 100% inspection a�er PPAP 
completion, but in most cases, 3D-printed and composite components can play by the same first-article 
inspection rulebook as those made using conventional means. In all cases, CT scanning can provide critical 
information. 

Mechanical in-situ testing is combined with digital volume correlation (DVC), using CT-data analysis and visualization software, to see if a part model is correct or if 
it should be adjusted (upper route). The analytical process can also be used as a crack-detection tool to see where damage occurs. Mechanical and material engineers 
can do an entire microstructure characterization on the �rst volume of an unloaded sample and then feed that data into �nite element analysis (FEA) (bottom route), 
either to predict speci�c part behavior or to create a full comparative analytical model for product validation. Image courtesy of Volume Graphics

COUNTERING CT COSTS
Although CT scanning equipment has come down in price with increased usage, it remains expensive relative to 
other metrology methods. But particularly in mission-critical aerospace applications, such considerations are 
strongly o�set by the tremendous benefits a�orded to CT users. The ability to peer deep inside any workpiece 
and visualize internal structures not only assures that products meet OEM specifications, but helps companies 
optimize their designs and manufacturing processes alike. 

New materials and processes will continue to be developed for manufacturing applications in many industries. 
Some will be considered by the aerospace community, where the most delicate balance of weight, strength, 
aerodynamics, and cost is required for maximum performance. With such opportunity comes a need for extreme 
product safety, and the certainty that any part—whatever its design and however it was manufactured—will not 
fail in flight. Above all of its many attributes, this benefit is perhaps the greatest that CT scanning and analysis 
so�ware can bring to the aircra� manufacturing shop floor and, increasingly, the production line.

Images Source: Volume Graphics, General Electric

Dr. Pascal Pinter, product manager material research & development, Volume Graphics. 
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NDT in

Aerospace 

FPI Inspection of High Pressure Turbine Blade

AS THE INDUSTRY WILL CONTINUE TO GROW, SO WILL 
ADVANCEMENTS IN NDT METHODS. 

The aerospace industry uses nondestructive testing (NDT) methods quite extensively. The structural integrity and 
safety of nearly all components, especially the most critical ones, needs to be validated and NDT plays a major 
role. NDT is required in virtually all areas of newly manufactured, serviced, repaired, or overhauled inspections. 

There are a variety of NDT methods used in aerospace and most of these can be divided into two categories: 
surface and sub-surface. The surface methods are used to detect on surface or very near the surface defects and 
anomalies. Two of the most heavily used surface methods include penetrant inspection and laser shearography. 
Sub-surface methods are those that identify below the surface defects. Two of the most used techniques are 
radiography and ultrasonic inspections. A few methods, like ultrasonic and electromagnetic testing, can be used 
for both surface and subsurface inspections, so they can fit into each bucket as needed. There is also one other 
type of method, the acoustic resonance method, that is a full-body inspection, meaning it can assess the overall 
structural integrity of an entire component.  

Orientation analysis carried out on a glass-�ber-reinforced sheet-molding 
compound (SMC). Each direction is coded by a certain color. This orientation 
data can be used to obtain �ber orientation distributions over the thickness to 
validate �ow simulations and to provide reliable data for the structural 
simulation. Image courtesy of IAM-WK / KIT (Institute for Applied Materials/ 
Karlsruhe Institute of Technology), Germany.

During the onset of WWII, as production of aerospace planes and engines accelerated, so did the usage of NDT. 
Assurance that the components were reliable and defect free was essential and the aerospace industry began 
using and integrating NDT into inspection requirements. Failures in the field could be fatal and detection of 
manufacturing defects were critical. 

A�er WWII, the use of NDT blossomed, because the aerospace industry had seen the benefits of increased quality 
in products and realized that NDT had played a major role. Post war, there was a continued focus on the 
development of advanced materials, and this further drove the need for ensured safety and product reliability.

Over the past several decades, there have been extraordinary advancements in new materials and 
manufacturing techniques. These innovations have created higher demands, longer component and aircra� 
lives, and there is clearly no end to the space race. Because of this, the aerospace industry continues to push NDT 
into the spotlight. The growth of aerospace has made the use of NDT a very critical part of manufacturing and all 
sustainment inspection plans. 

As the industry will continue to grow, so will advancements in NDT methods. However, let us examine today’s 
more commonly used methods.

SURFACE NDT METHODS
Penetrant testing, known as PT, also o�en called fluorescent penetrant inspection (FPI) is a liquid penetrant 
inspection. This is a very common NDT for surface applications in aerospace. For this method, components are 
coated with a liquid dye by dipping, spraying, or brushing. The parts are then subjected to a dwell time where the 
liquid penetrates defects using capillary action. A�er the dwell time has expired, the excess penetrant is removed 
from the surface leaving only the dye that has penetrated the defect remaining. A developer is then applied to 
pull any entrapped penetrant back to the surface and a�er another set period, the parts can be examined under 
ultraviolet light. Any visible dye indications are inspected and evaluated for disposition. The last step of the 
process is a thorough post-inspection cleaning. There are several di�erent cleaning methods, but the key is to 
remove all the residual dye. PT is a very e�ective method, and it is used by nearly every aerospace company or by 
their suppliers. 

Laser shearography, also referred to as LS, is an optical inspection method that uses laser light to detect surface 
deformations.  It has rapidly continued to gain increased usage in aerospace applications. LS has a lot of complex 
optical processing, but in basic terms, it is based on the comparison of two states of deformation in the 
component or structure. It uses surface displacements in response to a change in load to identify defects. Light 
from the laser source is used to illuminate the target or area of interest. As the light is reflected from the surface, 
it is captured by a camera. The reflected light is split into two and reflected as two separate images. One of the 
images is o�set or sheared, with respect to the other image. A digital comparison is then performed, and the 
di�erences found are evaluated. LS has outstanding sensitivity and can be used to detect very small indications 
and anomalies. More and more companies are using LS.

Computed Radiography of Compressor Blade

SUB-SURFACE NDT METHODS
Radiography, normally called RT, is a heavily used method. In fact, it has been used for over 100 years by 
aerospace manufacturers. Radiography involves the use of X-rays or gamma rays to evaluate products for defects 
and dimensional verification. A�er all the safety precautions have been considered and implemented, X-rays are 
aimed at a component or an area of interest within a component. As the X-rays pass though the target, some of 
these will get absorbed by the denser material areas while in the less dense areas, more X-rays will pass through 
target. This absorption and varying amount of the X-rays passing through the target is what provides the image 
contrast. There are various ways of capturing the X-rays and the most common are film, imaging plates, and 
digital detectors. This is the most relatable NDT for most people as most have seen the results of an X-ray at their 
doctor’s o�ice or an emergency room. RT is used by almost every aerospace company that manufactures any 
component.

Ultrasonic testing or UT is also a very reliable NDT method. It is used extensively when a part’s geometry allows 
for proper access to inspection zones. UT uses ultrasonic energy to detect defects and inconsistencies in 
materials. UT is a sound wave method where a sound wave is introduced with a transducer that converts an 
electrical pulse into the wave. That sound wave propagates through the material under test and if a defect is 
present, the sound wave will be reflected to the transducer much earlier than anticipated. This reflection is 
displayed on a digital screen for interpretation and evaluation. UT is preferred over X-ray for many inspections as 
it has almost no safety requirements.

FULL BODY NDT METHODS
Various types of resonance applications are used in aerospace. As an example, resonance acoustic method or 
NDT-RAM uses a part’s own natural frequencies to detect metallurgical issues as well as typical defects. This 
method is newer to aerospace, but many are starting to implement it into their inspection requirements. A part’s 
natural resonances are captured using an impulse excitation. The part reacts to the excitation at its natural 
resonances and that data is captured and recorded. This resonance data spectrum is evaluated against a known 
acceptable spectrum or to a 3D model of predicted spectrum. Materials and components that are like the 
reference will be determined acceptable while ones that are not similar will be determined unacceptable. This 
proven method is growing in acceptance in aerospace.

These brief overviews of the most used NDT methods provide details of some of the types of inspections used in 
aerospace. It is always good to have a basic understanding and working knowledge of how these inspections are 
performed and in what areas these are applied.  

If it were not for NDT, we would never be able to safely produce complex aerospace components. 

Images Source: Weaver NDT

Greg Weaver is president of Weaver NDT and a NAS410 & ASNT Level III RT & PT #149144. 
For more information, call (505) 340-5680, emailGWeaver@WeaverNDT.com or visit 
WeaverNDT.com.
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NDT ADDITIVEAEROSPACE

  BY BRANDON D. RIBIC, PH.D.

Essential Considerations 
for Cost E�ective Additive 
Inspection
UNDERSTANDING HOW TO LEVERAGE INSPECTION 
TECHNOLOGIES WILL AID COST REDUCTION AND 
THROUGHPUT OF COMPONENTS

Additive manufacturing (AM) has many advantages when compared to traditional subtractive manufacturing 
processes for the fabrication of low-volume, high-value, complex-shaped parts. Capitalizing on the benefits of AM 
can allow performance enhancements, weight reduction, cost reduction, and the decrease in the production 
time of a commodity. However, quality inspection and control issues must be adequately addressed to enable 
widespread use. 

When approaching and developing an inspection procedure or method, manufacturers need to understand that 
the techniques used are valid, which involves evaluating design discontinuities or flaws. AM can complicate 
validation due to product geometry, variance in inherent material behavior compared to legacy manufacturing 
methods, as well as discontinuity distributions. Given that materials made by AM processes can exhibit novel 
inherent material properties due to these novel processing techniques, the significance of flaw distributions, 
geometry, and location require substantial investigation to understand if said flaws will exhibit a significant 
influence on product performance. All of these factors complicate product inspection and certification. 
Qualification of AM products addresses these concerns, but can be costly as well as commonly results in very 
product and application specific understanding only. Further opportunity exists to expand the industry’s 
understanding so lessons learned from one product design may be applied for multiple part ID’s or various 
applications and operating conditions.

Product material and geometry can 
significantly a�ect the probability of 
detection and inspection procedure 
costs. Accelerating understanding of 
these interrelationships and how to 
leverage inspection technologies 
(hardware, so�ware, data analytics, and 
visualization techniques) will aid cost 
reduction and throughput of 
components. Overall, there are time-
consuming post-inspection steps to 
inform each design/build iteration that 
needs to be uncovered and understood. 
When there is a clearer understanding of 
product inspectability and validated 
acceptance criteria, managing costs and 
readily enabling certification will be more 
prevalent. 

IDENTIFYING INTERRELATIONSHIPS 
The most commonly used inspection technique is X-ray computed tomography, known as X-ray CT. Through X-ray 
CT, thousands of pictures are taken and combined using computer algorithms to generate a three-dimensional 
image of a part. The X-ray CT will also show the location and size and shape, discontinuities, and various densities 
in the material, depending on the technique used. While these data can be vital to product certification, the 
inspection process duration, inspector level of expertise, and equipment necessary to perform these procedures 
can diminish the cost benefit of an AM product design.

It’s important to remember that none of these discontinuities may bear any measurable consequences on 
product performance. Product acceptance is based on the operator’s interpretation as to whether or not the 
image, with discontinuities, means anything. In general, design encompasses the process used to make a part, its 
shape, and the material it’s made of. Design and inspection are interrelated, which impacts the ability for 
manufacturers to readily certify parts. The AM industry in the case of many materials is still developing an 
understanding of intrinsic material mechanical, corrosion, or wear behavior. A next step is validating debits in 
performance which arise due to the presence of discontinuities or flaws. Once these quantitative relationships 
are known and validated, designers may be able to more readily exploit the full range of benefits of AM design—
and manufacturers will be empowered to inspect and certify products with validated acceptance criteria. But, 
understanding the e�ects of defects can be complex — it can be hard to determine the impact of flaws on product 
performance, which can depend on the size, shape, and location within the part. 

The lack of validated acceptance data can lead to conservatism and overburden the inspection process; driving 
inspectors to identify smaller flaws which may exhibit negligible consequence on product performance and 
inflating inspection costs. Product certification criteria conservatism can challenge the physical limits of what 
modern inspection technologies can also reliably detect given product geometry, material, and surface finishes 
common to AM components, which can exacerbate inspection costs.

Under the auspices of inspection techniques, there are advanced interrelationships additive manufacturers are 
trying to understand. 

In some instances, designers will simplify the shape’s geometry, so it can be more readily inspected by other 
technologies that lower costs compared to X-ray CT. Doing so is a significant trade-o�, as this o�en contributes to 
less optimal economic outcomes.

Given this interrelationship, it is essential to use advanced technologies to examine the full order of operations 
or product value stream. There are also analogies and factors to consider for the current inspection techniques 
still used today:

X-Rays: When X-rays are fired at a part, some of those rays are absorbed, and some are scattered — this is related 
due to the shape and the state of the material. Manufacturers use this type of technique because AM processes 
produce material at much finer length scales compared to more common manufacturing methods. Hence, there 
is o�en a need for volumetic inspection as processing conditions may substantially vary in di�erent features or at 
di�erent times and so material and performance may substantially vary from location to location. Therefore, X-
ray CT o�ers a means of characterizing the three-dimensional physical state of additively manufactured 
materials.

Ultrasonic Testing: A known legacy method, ultrasonic testing hinges “good coupling.” Good coupling can be 
understood as contact and transmission of energy between the product and an emitter, wherein an ultrasonic 
wave is pushed out into the part, and the sound that bounces back and is subsequently detected. Ultrasonic 
inspection o�ers a view on the shi�s in the part’s timing by benchmarking the speed of sound, which can aid 
detection of discontinuities. In the absence of good coupling (in the case which product surface roughness is 
relatively high), ultrasonic inspection data interpretation can become complicated and readily detecting 
variation within the material which allows for certification can be substantially complicated (time consuming 
and challenging to accurately interpret). Furthermore, complex surface geometry can limit an inspector’s ability 
to maintain continuous and favorable contact (good coupling) between the emitter and product. 

The industry continues to explore ways to 
readily and e�ectively inspect AM products 
cost e�ectively and quickly for these reasons.

Manufacturers inspect so that parts can be 
certified, and establish limits to understand 
how to interpret the derived data is equally as 
crucial as the inspection technique itself. X-ray 
CT is a preferred method because it has the 
ability to uncover the subsurface geometry of 
a part, providing manufacturers with an 
opportunity to create complex components 
and observe subsurface features to assess the 
part’s density or how it’s sounded correctly. In 
layman’s terms, is the part solid or Swiss 
cheese, and why does that matter? X-ray CT 
can help figure that out.

DESIGN FOR INSPECTABILITY
When parts are designed, manufacturers should consider how they will be inspected. Designers should be 
familiar with the capabilities and limitations of inspection technologies—including how design complicates 
inspectability and how inspection can diminish the business case of an AM design. There is opportunity for further 
tool (so�ware, testing, techniques) development as well as validation and experimentation which can further the 
industry’s understanding of design for inspectability.

The marriage of fundamental understandings of the capabilities of various inspection technologies and 
designers’ understandings is evolving. If joined, it would help ensure that the designed products can be readily 
certified through “common” inspection technologies. In many instances, AM products can be readily certified, but 
it is when more critical products demand rigorous inspection that this consideration should be noted. 

These parts need to be certified and safe to use across various industries. Understanding the formation of design 
and inspection anomalies within materials is critical to advancing analysis and model-based qualification 
methods.

LEVERAGING MATERIALS THE RIGHT WAY
Industries are trying to understand how to leverage additive manufacturing in a variety of materials used today. 
Materials include polymers, composites, ceramics and metals. Because all these materials di�er in density and 
homogeneity in their microstructures, they can easily shore up false positives or cause inspectors to struggle to 
see actual discontinuities in the material due to inherent complexities. 

For instance, X-ray CT may struggle with high-density materials like refractory metals that manufacturers want to 
use more. Tungsten alloys can serve as an example, where X-ray CT may not readily provide the necessary 
probability of detection. These materials and designs require further development.

In other words, some people put spices on their food to increase the flavor — but what if that actually created a 
severe problem? Those problems are costly, timely and could be better mitigated if the design materials are 
better understood and along with the design technology itself.

From a business standpoint, industries are trying to inspect smarter, which requires thoughtful consideration of 
the above scenarios. Inspectors, manufacturers, and makers are trying to understand the science and 
technology behind inspection processes and the computer algorithms and approaches from other industries, on 
how to accelerate the pace to inspect more parts. This is all done to decrease costs and allow for additive 
manufacturing to become a more competitive technology.

Through thoughtful inspections, additive manufacturing and technologies in the industry will become more 
competitive and readily available for a variety of usages. Certifications will become more cost e�ective, and 
additive manufacturing technologies will unleash even more capabilities.

All Images Source: Getty images

Brandon D. Ribic, Ph.D. is the technology director of America Makes. 
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NDT AS9102AEROSPACE

  BY MARI LUKE 

How to Simplify your

First Article Inspection Process

AS9102

WHAT IS FIRST ARTICLE INSPECTION?
First Article Inspection (FAI) is the process of planning, manufacturing, and verifying a production process. In the 
aerospace and defense industries in the U.S., most companies conduct AS9102 First Article Inspections. Other 
industries also use inspections to validate their manufacturing processes, but the format and when in the 
production process they are completed vary from company to company.

A First Article Inspection Report (FAIR) is the document that certifies that each sample was produced and 
inspected according to the customer’s specifications. 

HOW TO CREATE AN AS9102 FIRST ARTICLE INSPECTION REPORT
Step 1: Pre-Plan Your FAI

Before beginning, gather the documentation needed for your First Article Inspection: 

● Engineering drawings

● Digital product definition data sets

● Bill of materials/raw materials list

● Specifications

● Manufacturing planning/routing/traveler/work order

● Source/supplier information

Ballooning a part drawing and verifying feature information in InspectionXpert

Step 2: Create An Inspection Plan

Balloon part drawing: identify the requirement to be inspected with a balloon number.

● Fill out the AS9102 Form 1 (Part Number Accountability) and Form 2 (Product Accountability) with 
information from the Bill of Materials and Specifications List 

Document reference location of the balloon

Requirements including units of measure, variable requirements with tolerances

Classifications (Critical, Major, Key)

● Fill out the AS9102 Form 3 (Characteristic Accountability) with dimensions, tolerances, notes, and inspection 
tools to reduce work at the end

Type of tool and the serial number of the tool are o�en required 

Step 3: Manufacture The Part

Build the product and ensure you are documenting processing and inspection results for the requirements 
during the manufacturing process.

● Note: First articles are not necessarily the first part produced, but are from the first production run.

Step 4: Collect Data 

Inspect the part according to the inspection plan created in step 2.

● Keep track of calibrated, certified inspection tools so that they are traceable back to the person certified to 
use the tool to perform the inspections/manufacture accurately.

Step 5: Finish Reporting 

Enter measurement result data into AS9102 Form 3.

● Measured result(s)

● Serial numbers of the tools used to measure the part

● Non-conformance information, if any

● Certificate of Conformance (C of C)

● Functional Test Report

ACCESSIBLE ANYWHERE, ANYTIME
With a cloud based so�ware, your part database is available anywhere, anytime. You don’t have to worry about 
having the right version of the drawing, or being at the only computer with the right so�ware installed to create a 
new report. 

At a high-mix, low-volume shop with new parts all the time, the need for e�icient reporting is critical. Ensuring 
everyone has the latest version of the drawing and dimensions is necessary for reducing mistakes. Doug Murillo, 
quality engineer at GrayTech International, a precision machining company in Cleveland, says, “By getting rid of 
paper drawings and having part information in the cloud, we don’t have to worry about someone finding and 
using an outdated version.”

CUSTOMIZE REPORTS FOR YOU AND YOUR CUSTOMERS
With so�ware, you can extract information from your part drawing once and export it to as many di�erent reports 
as you need. A�er capturing feature information, you can use the data to create shop floor check sheets, FAIRs, 
and any other reports or documents required. Manually you’d have to go through a lot of copy/paste and 
reformatting, but with so�ware, you can set up the reports once and use them for any of your inspections. 

As parts continue to get more complex, quality departments are evolving their processes to keep up. The 
challenge is doing more with the same resources. By using InspectionXpert to simplify their inspection reporting 
process, Murillo says they’ve been able to do just that. “What used to take four to five hours now takes less than 
two hours, and we can get full FAIRs done in less than half a day.”

DEFINITIONS: THREE FORMS OF AN AS9102 FAIR
There are three forms in AS9102 FAIRs: Part Number Accountability, Product Accountability, and Characteristic 
Accountability.

AS9102 Form 1: Part Number Accountability

Form 1 identifies the part for the FAI and associated sub-assemblies or detailed parts.

AS9102 Form 2: Product Accountability

All material and process specifications, as well as any special processes and functional testing defined as design 
requirements, must be accounted for on Form 2.

AS9102 Form 3: Characteristic Accountability

All product characteristics such as dimensions, tolerances, notes, etc. must be accounted for on Form 3. An 
inspection drawing or model is required whereby all inspection characteristics (defined using CAD annotations) 
are clearly identified with uniquely numbered inspection balloons. The numbers on the inspection balloons must 
correspond to the characteristic numbers on Form 3.

 Image Source: Getty Images and InspectionXpert

Mari Luke is the director of marketing at InspectionXpert. For more information, visit 
inspectionxpert.com.
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NDT SERVICEAEROSPACE

When Purchasing an NDT Inspection System
WHY SERVICE MATTERS

Nondestructive testing of tire 
integrated into production line. 

SELECTING A SERVICE PLAN SHOULD GO HAND 
IN HAND WITH THE SYSTEM PURCHASE.

BY YXLON

When it comes to selecting an industrial nondestructive test (NDT) inspection system, quality managers invest 
considerable time researching systems and considering the impact of every available feature on their business. 
Taking into account the role of service in their equipment selection should include giving the NDT partner’s 
service capabilities more than a cursory review. In most instances, service and support should rate nearly as high 
in the decision to buy a system as the system itself. The right service package will help: 

• Reduce costly downtime 

• Improve inspection quality 

• Guarantee operational safety 

• Cut down on operating costs 

• Prolong system life 

With these advantages, service is key to getting the most out of any inspection system, and to continue to 
enhance the ROI of capital equipment into the next decade or longer. This article covers in detail why service 
matters when evaluating an NDT inspection system, and what service and support o�erings should be 
considered for enhanced system e�iciency and longevity. 

OPTIMIZING INSPECTION SYSTEMS WITH ADVANCED SERVICES 
Selecting a service plan for an NDT inspection system should go hand in hand with the system purchase, whether 
it’s a new implementation, converting from film or CR to digital, or switching from 2D or 3D digital radiography. 
From automotive and aerospace, to electronics and educational institutions, the needs of the application will 
help determine the appropriate solution. Requirements such as part size, material, and type of measurement 
factor into the system selection. Likewise, tolerance for downtime, employee turnover, skill levels, and the need 
to evolve all factor into service plan selection. 

Take the automotive or aerospace industries, for example. In these types of inline applications, production is 
o�en happening 24/7. Inspection systems must be able to work around the clock to keep up with demand 
e�iciently and e�ectively. 

 “When your NDT systems go down, it can create a hard stop in production,” said Kathy Scott, service sales 
director at Yxlon/Comet Technologies USA Inc. “For someone like a tire manufacturer, it could cause the loss of 
tens of thousands of dollars, with tires backed up all over the production floor.” Scott said that is why service 
plans in these production applications should include parts stocking and fast service call reaction. “The right 
service plan is critical to getting production up and running again,” she said. 

Designed for the cabinet to open fully 
for ease of service in mind (Yxlon 

Cougar EVO nondestructive testing of 
electronics shown). 

DEFINING THE RIGHT SERVICE PLAN 
Quality managers will want to see if a provider o�ers a standard biannual preventive maintenance plan or if they 
have established maintenance timelines. If they do not, then chances are they are likely not considering service 
with the priority deserved, which may lead to problems over a system’s service life. 

While standard service plans are a good start, the best-case scenario is when a partner o�ers a customizable 
plan. Key options to look for include: 

• Installation and maintenance assistance 

• Production support 

• Upgrade options 

• Operator training and education 

Modular, “à la carte” service plans, where customers can add or remove services as their business evolves, are 
essential. With the fast-paced nature of modern industry, along with the evolution of IoT (Internet of Things) and 
artificial intelligence (AI), custom and adaptable service plans o�er enhanced support for the full life of a system. 

“Some of these systems last 20 years or more,” said Scott. “Consider how much has changed over that period. 
System parts go obsolete, there are so�ware and hardware upgrades, and changes need to be made in order to 
keep everything running properly.” Scott said service involves not only preventive maintenance and 
replacement components but ongoing training. This training is necessary when new employees come onboard 
or current employees need to be educated on the latest technologies. “That is why you want to select a service 
plan that supports your operations, both now and in the future.” 

Quality managers should be able to consider their system manufacturer as a partner they can rely on to help 
them determine exactly what services they need to keep their NDT inspection systems running e�iciently. These 
needs will likely change over time, so thinking of both what services are required now as well as what services 
may be needed in the future is important to the long-term success of a system. Here are some important value-
added services to consider: 

INSTALLATION AND SETUP 
To ensure reliable system operation, the service team should handle the installation and setup of any NDT 
inspection system. Not only are these experts better equipped to handle the installation itself, but relying on 
them will also enable any product warranties. During installation, service engineers should help train internal 
operators on proper system implementation. Thorough training courses will enable rapid familiarization with the 
new system and ensure better inspections down the road. Basic training sessions should give workers the ability 
to configure and operate the imaging so�ware with certainty, and to set up program flows per the application’s 
specifications. 

PRODUCTION SUPPORT 
The service team should also be able to provide immediate support for limited production runs or other time-
sensitive tasks. At a basic level, this includes the ability to easily provide help online or via phone. There will be 
times when in-person on-site support is necessary. The NDT partner should be able to quickly send an expert to 
the installed system location. 

The NDT partner should o�er customer relationship management so�ware to view customer historical data and 
use the data to identify trends on the stability of the system. This enables the service expert to suggest needed 
maintenance, upgrades, and spare parts inventory. Some go an additional step and are transparent with the 
customer about this data. 

Some NDT partners are digitalizing the service processes, which involves creating so-called digital twins, or exact 
digital representations, of the inspection systems. These simplify the work of the service teams by creating a basis 
for predictive maintenance. 

ONGOING MAINTENANCE AND REPAIRS 
Preventive maintenance is key to the longevity of any NDT inspection system. Maintenance checks are usually 
scheduled annually or biannually, although the partner should be able to conduct visits at whatever intervals 
are required. Having the service team assist with preventive maintenance at regular intervals will help to: 

• Increase system lifespan 

• Ensure and preserve operational reliability 

• Guarantee operational safety 

• Avoid costly damage and downtime 

Maintenance is not just about preventing major problems, but also about dealing with normal wear and tear. 
Scott says “It is good to have a spare parts package worked into a service plan. Look for consignment inventory 
with a ‘pay as you go’ model or other custom options. ‘Pay as you go’ enables the customer to stock parts in-
house that are known to have a shorter life span, to be used and invoiced individually, as needed. Also, for 
continuous operations like a production line, having a service team with a deep well of knowledge and ability to 
help remotely or to arrive in person quickly can be a critical resource.” “For 24/7 operations, part availability is 
the number one thing that I hear about,” said Scott. “Having service engineers who quickly respond by phone, in 
person or virtually is a close second. With consignment inventory and reliable service response times, customers 
can stay on track with their production goals.” 

Another very important decision option that should be made available is whether to purchase minimal or 
‘bumper-to-bumper’ warranty options. A minimal warranty may be the best choice financially, but it may need to 
be enhanced with additional service options as time goes by. 

UPGRADES AND SYSTEM 
IMPROVEMENT OPTIONS 
Because businesses likely will not look the same 
five years from now as they do today, ongoing 
upgrades and system improvements can help 
companies using non-destructive testing (NDT) 
stay competitive. 

Keeping technology up to date will help quality 
managers to not only improve system performance 
and e�iciency, but also help to extend the product 
life of their systems. Service plans should include 
regular hardware and so�ware updates. 

By the way, by purchasing an upgradeable system, 
a manufacturer can potentially save money down 
the road. For example, adding computed 
tomography (3D) capability to an existing 2D 
system rather than buying a new system may save 
hundreds of thousands of dollars. 

Finding a great product with exceptional 
service for the long term can happen if you 

know what to look for (YXLON UX20 shown). 

FURTHER/ONGOING OPERATOR TRAINING 
NDT partners should be able to train workers on enhanced use of the NDT inspection system. This requires a 
close relationship with the partner, so the service team is able to recognize opportunities for improvement. The 
best and most relevant training happens onsite at the customer location using the customer’s own parts. 

Virtual training, like basic and special opt-in webinars with experts in nondestructive testing, will help to upskill 
current workers and to train new employees. The more workers understand about their system, the better they 
will be able to improve quality and manage issues on their own. For example, workers may receive training on 
how to replace parts and do other basic maintenance, decreasing downtime. 

SIMPLY PUT: SERVICE MATTERS 
With a strong service team in place, supported by the right service plan, companies will be positioned to get the 
most value out of their sizable investment in an industrial digital radiography or computed tomography 
inspection system. Here are some frequent examples of why quick and knowledgeable partner support is 
important: 

With a short pass/fail determination inline application, downtime in the inspection system may halt 
production. It can quickly create a deep and costly backup. 

Short term production runs may need immediate support from a partner application engineer to assist 
with temporary changes. 

Over the long term, changing inspection needs could require upgradable options, additional or 
replacement components, and possibly new training on so�ware and hardware. 

Unplanned employee turnover could require that training be immediately available. 

Manufacturers who run inspections 24/7 may encounter problems in the middle of the night or on 
weekends, when the in-house expert is not available. 

These are the some of the main reasons why, when searching for a new 2D or 3D inspection system, decision 
makers should consider service as an essential partnership. The potential benefits may include avoiding 
downtime, cutting operational costs, improving inspection quality, and prolonging system service life. 

“Over the 29 years I’ve been in the industry, the one thing I hear from customers over and over again is the 
importance of service,” said Scott. “When customers find a good service plan from a reliable partner that actually 
delivers on those promises, then they know they are truly taken care of.”

All Images Source: YXLON

For more information, email yxlon@yxlon.com or visit www.yxlon.com. 

JULY 2021  |  VOLUME 60  |  NUMBER 7    

https://www.yxlon.com/en/products/x-ray-and-ct-inspection-systems/yxlon-ff85-ct?utm_campaign=CT-Competence
mailto:yxlon@yxlon.com?Subject=undefined
https://www.yxlon.com/


BACK 2 BASICSAEROSPACE

The basics rule, no matter how 
much technology evolves

Leak Test 101: 

THESE BEST PRACTICES ARE RELEVANT WHETHER 
THE RIGHT LEAK TEST FOR YOUR APPLICATION 
IS PRESSURE/VACUUM DECAY, MASS FLOW, OR 

TRACER GAS.

By Gordon Splete

Times change, technologies change, but the fundamentals of leak testing remain the same – the reliability and 
repeatability of your test results depend on how well you understand and compensate for testing variables.

The basics matter. They always have and always will. Sure, we now have technical capabilities, digital sensors, 
and control mechanisms that make it possible to measure, monitor, and tweak with far higher resolution and 
sensitivity than ever before. But these technologies should not be relied on to compensate for a poorly designed 
test equipment, or an uncontrolled variable like temperature. 

FIRST, THE BASICS
Plumbing – The more hoses, valves, and connections you have, or the greater the distance between the test 
station and the test instrumentation, the greater the likelihood of repeatability problems. Keep the setup simple 
and keep the distances as short as possible.

Orientation And Sealing – A test part must be positioned and sealed correctly. Fixturing can have clamping and 
alignment issues. Seals can wear. Depending on test setup and test pressure, the best seal might be mechanical, 
pneumatic, or bolted. The ideal durometer, or hardness, of a seal material will vary depending on the test 
scenario and sealing surfaces. 

Test Pressure – Fluctuating test pressure leads to unreliable results. Even slight pressure changes can have 
dramatic e�ects.

Temperature – This is the bane of quality engineers everywhere. Warm parts just come from a wash, cold parts 
just brought in from a truck, loading bay doors opening and closing, HVAC systems cycling on and o� – these all 
introduce variance that a�ects test results. Even the test station operator running their own personal fan to keep 
cool, or placing their warm hand on a test part, can have an impact. I have seen many instances where the cause 
of a test repeatability problem is fluctuations in test air temperature due to the tortuous route that a supply line 
takes from the air tank to the test station.

It’s far easier to identify and eliminate a temperature variance than it is to try and compensate for it with 
technology. It may be as simple as adding seconds to the test cycle to allow a part’s temperature to stabilize or 
adding a regulated accumulator tank at the test station.

Water And Dust – Any moisture or dust in test air supply will accumulate in the test instrument’s manifold valves 
and skew test results. Moisture within the test part will atomize into vapor with the introduction of test pressure – 
this will change air density and again introduce repeatability issues. Filters and external exhausts are key.

NOW ENTER THE DIGITAL TECHNOLOGY
Once all these environmental and mechanical factors have been addressed to the extent possible, we can 
employ modern digital technology to manage measurements.

Manufacturers have plenty of options today for digital electronics and low noise circuitry that can control and 
measure test pressure and the flow, for a faster and more accurate pass/fail decision.

Adding intelligence to the test station with data analytics so�ware is also critical. Such so�ware enables you to 
achieve better pressure regulation, or to measure with greater accuracy to smaller increments. Trending this 
data over time can help to identify and remedy test station performance problems before they lead to 
downstream quality issues.

NEXT, THE MASTER PART
A master part is a proxy for the actual production parts 
that will be tested at this station. This should be a 
“good” production-intent part with a known acceptable 
leak rate. 

I don’t say zero leak rate, because everything leaks. Any 
part or sub-assembly will have a pressure change 
associated with it under controlled test conditions. The 
key is understanding what degree of leakage is 
acceptable given the conditions under which the part 
will be used in an end product.  

To that point, it’s best to calibrate with a known flow 
source versus a known leaking part for better 
repeatability. Use an actual production part with a leak 
standard built into it for calibration, versus any kind of 
designed replicant part.

This ensures all the distinct characteristics of an actual 
production part’s design, materials, and methods of 
assembly that can potentially impact test reliability and 
repeatability are factored in, to tare out the normal test 
variables.

Also bear in mind that a master part must be properly 
maintained. Few parts retain the same characteristics 
over time. Plastic parts cure over time – this changes 
their elastic limit and impacts the stabilization period of 
the test. Porosity may plug with debris or possibly 
unplug a leak in the part. Seals will harden over time. 

It’s therefore crucial that test results of each master part 
be databased and tracked over time. This ensures that 
proper maintenance is scheduled as the master parts 
degrade and a test failure isn’t wrongly attributed to the 
leak test system.

VERIFYING THE TEST STATION SET UP
A master part isn’t the only aspect of a leak test that can dri� over time.

The overall health of the test station – including the leak tester, part seals, fill ports, and connection hoses – 
should be periodically checked. This validates that there are no leaking seals or hoses and that any leak 
measured in a part is correct. If a leak is measured, seals can then be individually checked to find the failure.

The most common external check for leak test instruments is a calibrated flow orifice, which is designed and 
certified to flow a set amount of air at a set pressure. These leak standards are a robust, cost-e�ective way to 
verify that the leak tester is reading the proper flow rate. But accuracy of standards can vary depending on the 
style of the orifice. Ambient temperature variations must also be accounted for to ensure accurate measurement.

IN CONCLUSION
I have provided a high-level overview of the basics and best practices that are relevant whether the right leak test 
for your application is pressure/vacuum decay, mass flow, or tracer gas. 

Regardless of the technical sophistication of the tools at our disposal today, the more variables you have, the 
more expensive, complex, and potentially unreliable the test will be. Start first with the basics that have 
governed good leak test practice since the days when analog technology was a quality engineer’s only option.

Gordon Splete is the global product manager at Cincinnati Test Systems. He has partnered with CTS 
customers for 26 years to provide technical leak test solutions for all industries and leak testing 
techniques (dunk, pressure decay, flow, and trace gas applications). Contact him at 
GSplete@cincinnati-test.com. 
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CoaXPress  2.0 –
The Standard in Industrial Image Processing 

for Demanding Applications

THE NEWLY DEVELOPED COAXPRESS 2.0 STANDARD WILL INCREASE THE 
PERFORMANCE OF YOUR VISION SYSTEM WITH TWICE THE DATA RATE.  

By Thomas Karow

CoaXPress (CXP) has developed into a new standard in industrial image processing in recent years. The CXP 
interface, which is particularly relevant whenever high data rates and short latency periods are called for, is now 
available in a new version with more improvements.

CoaXPress – The Standard For High Data Rates
Increasing the data throughput rates is one of the key trends for industrial image processing in production 
automation and optical inspection. While sensor performance has restricted data throughput rates in the past, 
the bottleneck in data transmission speeds today tends to be created by interfaces such USB 3.0 in the prevalent 
CMOS sensors with their high frame rates. But thanks to high-speed interfaces such as CoaXPress, users have 
been able to fully utilize the potential of modern image sensors and achieve maximum performance in their 
applications.

Characteristics Of CXP 2.0
To continue the success CoaXPress well into the future, constant work has been performed on improving the 
standard. This work culminated in the standard 2.0, which features four major innovations.

The first innovation lies in expanding the supported bit- rates by two expansion levels (CXP-10 & CXP-12), where 
CXP now represents one of the fastest interface technologies in industrial image processing with a maximum of 
12.5 Gbps per second.

CXP now makes it possible to get a maximum bandwidth of 12.5 gigabits per second per 
channel

Even with these data rates, a single CoaXPress cable can be used, as the power supply is also provided via this 
cable. High-resolution sensors with a high frame rate can be used with these high data volumes.

The second innovation is the standardization of one plug type: the Micro-BNC or HD-BNC plug. It combines the 
advantages of the small design size of the DIN1.0/2.3 with the secure bayonet closure of the BNC plug.

The standardization reduces the complexity of the cable selection and enables simpler processing in the systems.

Micro-BNC-plug on a one-channel frame grabberCXP-12 cable 

Ensuring compatibility of the devices with GenTL is the third innovation. It greatly simplifies the integration of 
various cameras and frame grabbers into the conventional image processing libraries.

The fourth innovation is mostly e�ective in the background. Greater selection and declining prices in the 
electronic components required for data transmissions have been evident for some time. New developments can 
be found in transceivers as well as the FPGAs. By now, these components are o�ered by multiple manufacturers 
and have a better price/performance ratio. They ensure improved long-term availability of the various 
components.

Setup Of A Classic CoaXPress 2.0 Machine Vision System
The illustration shows the typical setup of a CoaXPress 2.0 system.  Compared with  compact  USB3.0  or GigE 
cameras, the CXP camera tends to be larger.

Simplified overview of a CoaXPress 2.0 vision system 

This is partly due to the larger installed sensors that are operated at very high speeds and higher megapixel, 
which also means that a larger amount of generated heat must be dissipated. The advantage of the CXP 2.0 
standard can be seen on the back of the camera. Unlike the preceding version, this makes it possible to set up a 
system with a reduced number of data cables. I/O cables can frequently be dispensed with, since the power 
supply and triggering are provided by the coaxial cable.

The new standardized Micro-BNC connections are more robust and the use of fewer cables makes the system 
setup much easier and more flexible.

In each case, one frame grabber or one interface card are required for the system. Its function is to reduce the 
CPU load of the host PC. Customers must ultimately decide whether they want to use a frame grabber or 
interface card. The di�erences lie in the price and the technical design. The frame grabber is technologically 
more sophisticated, because it includes preprocessing and other image processing features, for example.

Advantages Of CoaXPress 2.0

Very High Bandwidth – Maximizing Throughput
At up to 12.5 Gbps, CoaXPress is currently one of the fastest interfaces on the market.

Su�icient Cable Lengths – Bridging Long Distances
Customers frequently have problems with maximum cable lengths under 10 meters, as permitted by a USB 3.1 
gen. 1 interface or a Camera Link interface. With up to 40 m and a much higher bandwidth, CoaXPress o�ers a 
very good alternative. It is even possible to bridge cable lengths of more than 100 meters with a low bandwidth.

Plug-And-Play – Easy To Connect
CoaXPress enables data transmission as well as power supply via the coaxial cable, making it easy to establish a 
connection between the camera and PC. The CXP standard is also coupled to the GeniCam standard and 
corresponds to other conventional vision standards. From a so�ware perspective, that is why this standard o�ers 
a simple connection between the PC so�ware and camera.

Exact Synchronization – Precise Control
The optimal combination of frame grabber technology with the cameras used makes it possible to get highly 
precise camera synchronization even in multi-camera systems with very low latency periods.

Cost Benefits With Easier System Setup And Component Availabilities
Newly available electronics components as well as the option of using single-cable solutions result in a greatly 
improved price/benefit ratio. CoaXPress 2.0 (CXP-12) is the interface with the lowest costs per transferred 
megabyte!

CoaXPress systems are particularly suitable for applications that require the synchronized image capture of 
multiple high-resolution cameras at high speeds. For example, if an object that moves quickly along a conveyor 
belt must be recorded and evaluated from multiple perspectives for industrial inspection, both the precise 
triggering of all cameras and synchronization between the devices are extremely important for a correct analysis. 
Such a scenario can be found in sectors of the semiconductor industry, production automation, medicine, sports 
and motion analysis.

Checklist: When Is CoaXPress Suitable For Your Application?
If one of the following applies to you, you should take a closer look at CoaXPress technology:

1. You want to utilize the full speed of your high-resolution sensor, but the current interface prevents this.

2. Your current interface requires very bulky and rigid cables, which makes a space-saving integration 
harder for you.

3. You want to bridge greater distances while maintaining the same high speed.

4. You want to use cameras with the latest high-resolution image sensor technology.

5. You want to synchronously operate multiple fast, high-resolution cameras precisely via the data cable.

6. You want to upgrade from analog or Camera Link cameras.

7. You need a system that generates a low CPU load for image acquisition.

Conclusion
For almost ten years, the CoaXPress standard (CXP-1 to CXP-6) has established itself in the market in its first 
development cycle with a transfer rate of up to 6.25 Gbit/s per channel. The hardware currently available for CXP-
1 to -6 is increasingly a�ordable and becoming more competitive with the proven industry standards such as 
Camera Link.

The newly developed CoaXPress 2.0 standard will increase the performance of your vision system with twice the 
data rate. This means that the bandwidth of the cameras can be doubled. CoaXPress thus o�ers a very attractive, 
simple and above all reliable perspective for sophisticated high-speed applications now and in the future.

Opening Background Video Source: saicle / Creatas Video+ / Getty Images Plus via Getty Images.

Photos source: Basler AG

Thomas Karow is a product market manager at Basler AG. For more information, email Thomas.karow@baslerweb.com or 
visit  https://www.baslerweb.com/en/sales-support/knowledge-base/visioninterfaces/. 
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Simplify Deep Learning Systems with

Optimized Machine Vision Lighting
SMART LIGHTING IMPROVES IMAGE INPUT DATA FOR EFFECTIVE 

CONVOLUTIONAL NEURAL NETWORKS.  
By Steve Kinney

“Garbage in, garbage out” serves as a simple reminder that successful machine vision systems must start with 
quality data. Current challenges require flexible machine vision systems and models that can keep up with the 
speed of technology. Manufacturers have found value in partnering deep learning with machine vision to o�er 
dynamic solutions that can compensate for lower-quality inputs. Despite deep learning compensation, however, 
starting with quality inputs will yield better results. The following explains the basics of rule-based and learning-
based machine vision. Additionally, a case study presents evidence against the myth that learning-based 
solutions can compensate for lower-quality inputs in machine vision. 

Getting Started With Deep Learning 
Traditional machine vision systems use rules-based algorithms to make mathematical decisions, but certain 
applications may be di�icult to describe mathematically, which presents a challenge. The ability to classify and 
label ambiguous or di�icult-to-characterize images would benefit many types of machine vision systems. For 
example, machine vision challenges such as cosmetic flaw detection and final assembly verification are di�icult 
to handle in a static or traditionally coded program. Training a system on data rather than algorithms o�ers a way 
to improve certain machine vision applications.

Implementing a deep learning system involves training convolutional neural networks (CNN) on data that makes 
it easier to deal with ambiguous or di�icult characterizations, such as detecting cosmetic flaws. Obtaining 
optimal deep learning–based decisions in machine vision involves iteration. Images must be acquired under 
manufacturing lighting and part presentation conditions. Systems o�en require a large amount of sample images 
to capture part variation for accurate results and to reduce false negatives. Cosmetic flaw detection involves 
loading various part images into a deep learning system and labeling them as “good” or “bad.” These training 
images might include di�erent orientations, lighting conditions, geometric dimensioning and tolerancing, flaws 
and failures, and any other variations that may be present during processing. 

Knowing the possible or necessary variations for properly training the system by classifying and labeling each 
image, feature, character, flaw, and lighting change can present a challenge. Classification involves determining 
overall ground truth on good versus bad parts or identifying the type of defect present when using multiple 
classifiers. Labeling involves identifying specific defect locations or other features important for training the 
neural network. A�er training and development, deep learning–based machine vision must undergo statistical 
testing before being put into production. Like manual inspection processes, deep learning systems can only be 
qualified by measuring their performance over statistically valid datasets.

PHASE 4 – VALIDATION AND DEPLOYMENT

Qualify the solution and begin using it in production, monitor e�icacy and revisit AI/DL/ML models and 
datasets as necessary to adapt to changing manufacturing conditions, new products, etc.

Key steps:

Pass factory acceptance tests

Go live in production

PHASE 3 – OPTIMIZATION

Improve the AI/deep/machine learning solution until it meets performance targets for false 
positive/negatives

Key steps:

Run the DL solution against your image data sets and in production

Compare the results to ground truth and to human-in-loop manual inspection

Adjust the system and repeat.

PHASE 2 – IMAGE DATA COLLECTION

Integrate the system on your production line and begin gathering data

Key steps:

Integrate camera and lighting on the production line

Begin logging AI/DL/ML operations against manual inspection results (if present)

Establish ground truth and label image sets

Build proof-of-concept if original dataset unavailable

PHASE 1 – PROTOTYPING

Understand your current process and determine if your AI/deep/machine learning so�ware is a good 
candidate to solve it

Key steps:

Determine application requirements

Acquire a small database of classified and labeled images

Build a proof-of-concept system to test the approach

The phases of developing an AI/deep learning/machine learning machine vision solution.

Leveraging Advanced Lighting 
Perhaps no aspect of vision system design and implementation has consistently caused more delays, cost 
overruns, and general consternation than lighting. Lighting does not inherently cause these problems, of course, 
but it o�en represents the last aspect specified, developed, or funded—if it’s dealt with at all. This may have been 
understandable in the days without vision-specific lighting (such as fluorescent or incandescent lamps and 
ambient light). Today, however, lighting can optimize nearly every aspect of machine vision systems and 
represents an essential system component.

Lighting technique application areas. As you move down and to the right, more specialized lighting geometries and structured 
lighting types are needed. Any lighting technique is generally effective in the Geometry Independent Area (flat and diffuse 
surfaces).

Deep learning can help compensate for di�erent imaging challenges, which leads some engineers to think that 
data may not be as critical as previously thought. For example, if deep learning can adjust for lighting, then 
lighting must not be as important. But the idea has not changed from “garbage in, garbage out.” Starting with the 
best, most accurate input data always yields a better result. 

These images show the difference between lighting types. It is important to know what a machine vision application needs to 
capture, detect, and/or inspect to select the right lighting. No amount of deep learning compensation or digital filters can 
accurately verify data that is not in some form captured in an image.

Case Study: Good Vs. Bad Lighting Conditions 
In a recent case study, a deep learning–based machine vision system inspected parts with both good and bad 
lighting with an objective of finding defects and measuring the performance of each lighting configuration. 
Defects varied from one to three per part and consisted of scratches and dents on an anodized surface. The 
training set consisted of 35 images of undamaged (good) parts and 35 images of damaged (bad) parts. 

The 70 total images were used in good and bad lighting configurations, and the two datasets helped train a 
classification network. Each network was trained for a total of 30 epochs. One augmented image was generated 
for each image in the training set. The augmented images were created by flipping each image on both axes. The 
e�ective size of each dataset was therefore 140 images for each lighting configuration. Both networks using 
identical training and augmentation settings to ensure a good comparison. 

This simple experiment showed that the performance of a deep learning surface inspection system is 
substantially better with an optimized lighting setup. A network trained with a good lighting configuration shows 
12.85% greater accuracy than a network trained with a bad lighting configuration.

Does Lighting Matter?
A good lighting network had an overall accuracy of 95.71%, with an average inference time of 43.21 ms.

A bad lighting network had an overall accuracy of 82.86%, with an average inference time of 43.00 ms.

The top two images show a poorly lit part both with and without a flaw. In both cases, notice the reflections of LEDs, which can be 
confused with defects and create false positives. The bottom two images show how proper lighting highlights a defect without 
creating any false positives.

Deep learning cannot compensate for or replace quality lighting. This experiment’s results would hold true over 
a wide variety of machine vision applications. Poor lighting configurations will result in poor feature extraction 
and increased defect detection confusion (false positives). 

Several rigorous studies show that classification accuracy reduces with image quality distortions such as blur and 
noise. In general, while deep neural networks perform better than or on par with humans on quality images, a 
network’s performance is much lower than a human’s when using distorted images. Lighting improves input 
data, which greatly increases the ability of deep neural network systems to compare and classify images for 
machine vision applications. Smart lighting — geometry, pattern, wavelength, filters, and more — will continue to 
drive and produce the best results for machine vision applications with traditional or deep learning systems. 

All Images Source: Smart Vision Lights.

Steve Kinney is the director of engineering for Smart Vision Lights as well as an active AIA member and a current 
member of the AIA Board of Directors. He has been a past chairman of the AIA’s Camera Link Committee, 
beginning with its inception in 1999. As chair of one of the major standards committees, he has also been a 
participant the G3’s Future Standards Forum. Kinney has also been a major material contributor and instructor for 
the AIA Certified Vision Professional (CVP) program in both the Basic and Advanced CVP Camera + Image Sensor 
Technology courses. 
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The Role of Quality
 in a Post-Pandemic World

IT’S ESPECIALLY CLEAR THAT RELYING ON ON-SITE VISION 
EXPERTS IS NO LONGER A VIABLE STRATEGY.  

By Monique Apter

There is no question that the COVID-19 pandemic dramatically impacted business practices across industry 
segments worldwide. Manufacturing was no exception and 2021 will be the year of reinvention through an 
emphasis on transforming business models. The best manufacturers embrace change and leverage innovation to 
leapfrog their competition and pave their road to success. 

As we begin to envision the recovery from this pandemic, a number of trends have become permanent fixtures. 
The new normal around three key areas will impact how manufacturers think of quality.

1. Online Shopping
Online shopping was steadily rising before COVID-19, but the pandemic took the explosion to unprecedented 
growth. With the movement of shopping habits continuing to move online, manufacturers are more responsible 
for customer satisfaction than ever before. Traditional brick and mortar retail provided a physical barrier, adding 
some protection for the manufacturer. Consumers could pick from multiple products on a shelf if something 
appeared damaged. Stores could help mitigate a poor consumer experience through human interaction, store 
credits, and other customer satisfaction levers. Today, consumers quickly take to online reviews that can be 
viewed worldwide and instantly impact a company’s brand, putting quality in the spotlight like never before.

2. Work From Home
The abrupt shutdown of employees clocking into workplaces across the globe has led to a new era of remote 
work. For manufacturing, this has exacerbated an already complex labor dilemma. In addition to the cost of 
labor being among the highest item on a company’s balance sheet, in recent years labor shortages have been an 
ongoing struggle that is not going away anytime soon. According to Deloitte and the Manufacturing Institute, U.S. 
manufacturing labor shortfalls will reach the highest ever recorded by 2025. This leaves manufacturers needing 
to operate with fewer people on the floor. While quality is one of the most important functions in manufacturing, 
it is also one of the easiest ones to leverage automation.

3. Reshoring
Over the last 10 years, there has been a lot of talk about reshoring manufacturing. The pandemic has served to 
again prioritize such initiatives. According to a Thomas survey, 64% of companies report they are likely to bring 
manufacturing and sourcing back to North America. While cost has traditionally been the driving factor, the 
pandemic also exposed other deficiencies and weaknesses in the global business model. Reshoring will drive the 
need for cost-e�ective automation across all facets of manufacturing, including quality inspection.

The sum of these three shi�s in manufacturing has led to companies re-evaluating how they use machine vision 
in the quality inspection process. Industry 4.0 was well underway with larger companies who sought the 
adoption of technologies to leverage AI, the cloud, machine learning, and robotics to provide large amounts of 
data for analytics. The pandemic has only accelerated these e�orts and now some say Industry 5.0 is underway, 
which seeks to create collaboration between people and smart machines. But there is a large gap between 
companies that can a�ord to take on these proposals and those that cannot.

Whether you’re in the throes of Industry 4.0, learning about Industry 5.0, or just trying to improve your 
operations, smart quality is a key part of the equation. A recent McKinsey report stated that manufacturers that 
switch to smart quality will see up to a 50% reduction in the cost of quality, a game-changing ROI. 

There is no doubt that vision inspection is paramount to any successful quality process.

What Is Smart Quality?
Smart quality is created through AI’s role in machine vision, and the cloud enabling remote AI and vision so�ware 
solutions that drive intelligence into production lines. This combination provides for remote connectivity, 
deployment, and analytics, turning subjective processes into intelligent autonomous systems that require less 
on-site operation. This, in turn, makes it easy to scale and ensure your factory is data-driven. 

Before the availability of such smart quality systems, traditional vision systems were the primary vision option for 
quality inspection. These traditional systems require an expert for integration, programming, and installation, 
making them expensive, rigid, and challenging to scale. COVID’s impact on manufacturing has made it especially 
clear that relying on on-site vision experts is no longer a viable strategy. Manufacturers want to be empowered to 
leverage broader skill sets to test and deploy innovative solutions. Smart quality systems unlock this capability.

Traditional vision so�ware is also not built to scale. The interfaces are typically boutique and custom-built for 
each deployment, meaning that they do not benefit from economies of scale, or improve exponentially the more 
systems you add. Lastly, because none of the systems are networked, all of the data being created by vision 
systems is stuck in silos, embedded alongside the cameras they are collected on and eventually lost, or, if 
analyzed done so in a manual way. 

The need for expertise, so�ware not built to scale, and siloed data, are the key components that need to be 
solved so that Industry 4.0 relative to smart quality could be leveraged by all manufacturing, regardless of size.

The Role Of AI In Smart Quality
AI was built for and thrives on making data-driven decisions that are robust to variance and constantly changing 
scenes.  An AI vision platform transitions you to a world of no code, removing the expertise previously needed for 
traditional vision systems. Instead, it’s developed to be a simple exercise in setting up vision inspections through 
labeling parts and teaching a system about what’s good and bad. AI labeling, with an intuitive user interface, 
means anyone can create an inspection.

Once trained, your inspections benefit from the data by improving over time as you continue to capture data. In 
the same way that you would teach someone, and they would continue to learn and improve their knowledge, so 
does machine learning. 

The Role Of The Cloud In Smart Quality
Cloud computing is the most e�ective way to leverage the benefits of AI systems. With AI and the cloud for 
inspection, you enable fast deployments through a remote centralized console which means your deployments 
can be copied and pasted to any system on the network. And because AI models improve with time, you’re able 
to share these learnings across all systems. 

These benefits mean you can easily scale and leverage data analytics.  Remote access means the team training 
the models can be located anywhere in the world, and then deploy the models to any camera connected to your 
network. Your on-site engineering teams only need to be able to set up vision systems, and you can then 
distribute your quality team and enable them to remotely manage your company’s vision systems and quality 
metrics through the cloud, driving automated root cause analysis.  

Conclusion
There is no doubt that vision inspection is paramount to any successful quality process. In a post-pandemic world 
geared towards satisfying the demands of eCommerce consumers, while also balancing labor challenges and 
reshoring initiates, manufacturers will need to adapt quickly. Whether innovating with new products or 
modifying existing ones, manufacturing processes will need to be flexible enough to handle product variations 
and leverage data in meaningful ways. AI-based vision systems operated via the cloud complement industry 4.0 
and 5.0 initiatives and create business continuity by providing the flexibility, democratization, and scalability 
needed while delivering a rapid return on investment. 

Image Source: via Getty Images.

 Image Source: Elementary Robotics

Monique Apter is the EVP of Sales and Marketing at Elementary Robotics. 
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Why is Manufacturing 
Flexibility Important?

THE NEED FOR THIS FLEXIBILITY IS LIKELY TO CONTINUE ACCELERATING.   
By Alberto Moel

Over the last year, we have been made acutely aware of the fragility and inflexibility of our manufacturing and 
supply chains. The pandemic has driven changes in demand patterns, not just what we are buying (more 
disinfectants and face masks, fewer suitcases), but where (at the grocery store instead of corporate purchasing). 
But this demand for manufacturing and supply chain flexibility is not new—it is only that we have been made 
painfully aware of this need from an external shock. 

In reality, over the last couple of decades, stemming from changes in demand, competition, and market 
pressures, manufacturing has become a more complex and fraught a�air requiring increased flexibility with a 
narrower margin of error. We can sum up this changing environment in three long-term trends a�ecting how 
stu� is designed and made: mass customization, increasing SKU proliferation, and shorter product cycles.  

Mass Customization And SKU Proliferation
Let us say you are in the market for a new refrigerator. Consider the choices facing you: What color? Features? 
Form factor? Do you want the freezer on top, or on the bottom, or on the side? Would you like a water dispenser 
and an ice maker, or just the water dispenser? There is something for everyone, and if you do not like what you 
see, you can always pay a little more to custom build your dream fridge.  

Imagine what it must be like for the manufacturer who must make so many di�erent versions of the same basic 
appliance. Even the biggest appliance manufacturers probably only devote a couple of production lines per 
factory to refrigerators. To make all the variations demanded (or assumed to be demanded) by the consumer, a 
single production line must be able to build many kinds of fridges, each with di�erent part counts, shapes, and 
even suppliers.

Detailed data on the SKU proliferation of household appliances has proven elusive, but we do have other data 
that makes the point, in a bit of a roundabout way, that mass customization and SKU proliferation in household 
appliances is real and here to stay.

As an example, Figure 1 shows indexed U.S. housing starts against household appliance shipments in the U.S., 
where the value of appliance shipments is deflated by the consumer price index (CPI) of durable goods.  We’re 
deflating the dollar value of household appliance shipments by the durable goods CPI in order to obtain a 
measure of household appliance shipments against housing starts.  

Figure 1. Indexed housing starts and CPI-deflated household appliances, 1990-2018.  

What we can see in this chart is that housing starts have fluctuated around a mean value  for the last 30 years or 
so, cycling up and down in response to general economic conditions. And when a unit of housing is built, it needs 
to be outfitted with all our modern-day trappings: fridges, stoves, toilets, bathtubs, air conditioners, etc. Hence, 
one would expect household appliance shipments to track with housing starts. However, the data says that 
household appliance shipments have risen dramatically, almost doubling since the turn of the century.

This Cambrian explosion of models and form factors is not limited to household appliances. Figure 2 shows data 
from IHS and Bernstein Research plotting the number of distinct car models (churned out by the same 20 or so 
global manufacturers) over the last few decades. Forget Henry “You can have it in any color, as long as it’s black” 
Ford. As economies grow and more and more people buy cars, vehicle customizations that meet specific 
geographic and market needs are more hotly requested. Though automobile manufacturers would much prefer 
to sell everyone the same car model in the same color, alas, people like to have more than one option. 
Automakers must have the flexibility to switch among models and option packages quickly (as in, from one car to 
the next).  

Figure 2. Number of automobile models in production, 2000-2019.  

These kinds of mass customizations and proliferations extend backward into the supply chains of durable goods 
and horizontally into other goods.  

For example, Figure 3a shows a di�erent cut from Roland Berger  on the proliferation of automobile models, 
with added detail showing the increasing variety of raw materials and components. Manufacturers have made 
heroic e�orts to minimize the diversity of raw materials and components through supply chain rationalizations 
and common platforms but can only do so much to slow the tide.

And, as one would expect, increased variation in materials and end products necessitates more variation and 
proliferation in the machinery and tools required for their fabrication. Figure 3b shows how these complications 
have reverberated backward to a�ect the array of machine tools required for automobile manufacturing.   

Figure 3b. SKU and materials and components proliferation 
in automotive manufacturing machine tools.   

Figure 3a. SKU and materials and components proliferation 
in automotive manufacturing.   

Figure 4 shows that the good people at Roland Berger found a similar explosion of product variety in fast-moving 
consumer goods (FMCG) like toothpaste, toilet paper, paper towels, shampoo—you name it.  This variability 
becomes particularly tricky once the FMCG have been packaged into individual containers (for example, 
shampoo bottles) and need to be boxed and palletized. 

Figure 4. SKU and materials and components proliferation in FMCG.   

Shorter Product Cycles
Figure 5 shows a di�erent cut from the Roland Berger report on the shortening product life cycles in automotive, 
machinery, and FMCG.  

In 1997, if the life cycle of an “average” car model was five years, by 2015, it was down to 4.5 years. In other words, 
car designers and manufacturers had six fewer months to design, develop, and ramp up manufacturing for that 
model. Fast moving consumer goods (FMCG), such as toothpaste or shampoo, have experienced much more 
dramatic shrinking of product life cycles. If the lifetime of your favorite Crest Peppermint-Flavored Extra 
Brightening with Triple Fluoride toothpaste was two years in 1997, it would be down to 1.4 years by 2015. This 
means more product introductions, more frequent product redesigns, and more frequent manufacturing 
changeovers require flexibility.   

Figure 5. Product life cycle for automotive, machinery, and FMCG. 

The data presented here (and extensive anecdotal evidence in fast fashion and consumer electronics) show that 
the trend toward shorter product life cycles is very real, and that consumers are more than comfortable with 
frequent purchases of new variations on existing products. Building flexibility into manufacturing processes is 
likely to be an existential requirement, and the need for this flexibility is likely to continue accelerating. 

References:

1. Housing starts data is “New Privately Owned Housing Units Started, Thousands of Units, Monthly, Seasonally Adjusted Annual Rate” courtesy of FRED, from the St. 
Louis Fed. The household appliance data is Census Bureau data for Series 35B, “Dollar Value of Household Appliance Manufacturing, Seasonally Adjusted,” deflated 
by the Durable Goods CPI, “Consumer Price Index for All Urban Consumers: Durables in U.S. City Average, Index 1982-1984=100, Monthly, Seasonally Adjusted” from 
FRED. 

2. About 1.5 million housing starts a year.  

3. Mastering Product Complexity, Roland Berger Consultants, Germany. Their research encompassed surveys of over 100 manufacturers in five industry clusters 
(automotive, machinery, fast moving consumer goods, chemicals, and pharmaceuticals) about the number of end-product and supply chain SKUs over time and 
product lifetimes.  
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MACHINE VISION 101VISION  &  SENSORS

A GROWING NUMBER OF MANUFACTURERS ARE USING DEEP LEARNING 
TOOLS, A SUBSET OF ARTIFICIAL INTELLIGENCE, TO REDUCE WASTE AND 
IMPROVE PRODUCTION. BUT, EXPERTS SAY, SOME OF IT IS JUST HYPE.  

By Genevieve Diesing

Image Analysis 101:

AI’s role

An increasing number of manufacturers are turning to deep learning, a subset of artificial intelligence (AI), to 
assist in image analysis processing, experts say.

“There has been a significant surge in interest around AI and image analysis,” says Ed Go�in, marketing manager, 
Pleora Technologies.  

For consumer goods manufacturing, layering AI image processing capabilities on top of existing computer vision 
skills can reduce false-positives, Go�in says. “Even a few percentage points of improvement significantly reduces 
product waste, lowers costs related to secondary screening, and increases production uptime,” he adds.

In addition, more and more organizations are seeking out image analysis tools at the operator level in 
applications that heavily rely on human visual skills, such as metal fabrication. 

“These o�line mage analysis systems can help automate inspection or make an error obvious to a human 
operator,” Go�in says. “A lot of these capabilities are being enabled by more powerful, scalable and flexible edge 
processing platforms.” 

While deep learning can require a high level of expertise to implement, some organizations are partnering with 
SaaS so�ware makers, hoping the package deal will appeal to OEMs that lack experience managing and 
annotating images, training new models, and otherwise creating deep learning inspection neural network 
prototypes. For example, FLIR recently partnered with so�ware company Neurala.

“Decentralization is a major trend in image analysis for machine vision, both for users and from a system 
perspective,” Go�in says. “Traditionally, designing image analysis tools has been the domain of engineering 
experts. Artificial intelligence is changing that, with new ‘no code’ so�ware tools that allow non-experts and end-
users to develop, deploy and continuously train both machine learning and computer vision image analysis 
skills.”

Similarly, image analysis is typically centralized in a machine vision system, Go�in says. Industry 4.0 and 
Industrial Internet of Things (IIoT) initiatives rely on relocating image analysis to edge points, with smart sensors 
analyzing data, making local decisions, and sending processed information on to the next step in a system.

Tom Brennan, president, Artemis Vision, says that the field is trending toward PC-based tools to handle image 
analysis, as well as open-source and deep learning technology.  

“As systems involve more tools, the need for more customized user interfaces has emerged,” Brennan says. “It’s 
become less and less one size fits all. There’s more that can be done and typically the client’s process and cycle 
time are most important, so we end up building to suit from common components, because this minimizes costs 
on multiples and gets the customer exactly what they need.”

Riana Sartori, senior manager, machine vision products, FLIR, says that a growing customer base of new users of 
machine vision cameras is coming onto the scene. 

“With this growing trend of non-expert users, we are designing our cameras, so�ware, and documentation to be 
more accessible,” Sartori says. “For our so�ware, we’re focusing on the usability of the features to assist our 
customers new to the machine vision space.”

"Manufacturers should step back from the
hype, and fully evaluate where AI can help
their business."

Current Challenges
Go�in says that many in the field are focusing on the benefits of AI for image analysis. While AI (or deep learning 
tools) provide promise, they can only do so much.

“Manufacturers should step back from the hype, and fully evaluate where AI can help their business and really 
consider the total costs,” he says. “For many manufacturers, a hybrid image analysis approach that layers AI 
capabilities on top of proven machine vision skills lets them add advanced inspection skills without replacing 
infrastructure and end-user processes.”

Traditional, rules-based image analysis presents its own di�iculties.

Brennan says that repeatability and correlation with hand tools or human eyes is another common challenge.  

“It’s very hard to match an existing process exactly no matter how fancy the tools,” Brennan says. “It really takes 
an understanding of both processes to make solutions really work and a dedication to working through the 
details to get it right.”

Currently, too many vision systems that don’t ultimately work for the end user proliferate, he adds.

“They can’t navigate the technological di�erences between a manual process with human eyes and human 
hands and an automated process with a camera,” he says.

COVID-19’s impact has also a�ected the field, experts say, and not necessarily in a bad way. Sartori says that as a 
reaction to COVID, an increasing number of biomedical researchers are using imaging to study white blood cells. 
Some research methods require improved color accuracy, which has heightened an interest in biomedical 
imaging. Additionally, Sartori says, to ensure adherence to social distancing guidelines, companies are interested 
in stereovision tracking cameras to manage occupancy in retail, warehouses, and even washrooms, and thermal 
camera modules to measure skin temperature.

Opening Video Source: DKosig / Creatas Video and VectorFusionArt / Creatas Video+ / Getty Images Plus via Getty Images.

Pull Quote Image Source: ThinkNeo / iStock / Getty Images Plus via Getty Images.
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Buyers Guide Premium 
Sponsorships

Accurate Technology (ProScale)

1270 Rutledge Rd., Unit E

Fletcher, NC 28732-9399

(800) 233-0580

sales@proscale.com

www.proscale.com

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

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

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

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

thousands of applications.

**Product Categories**

Automatic Gaging & Sorting Systems

Dimensional Measurement Equip.

Encoders

Gages, Electronic

Gages, Handheld, Dimensional, Fixed & Variable

Gages, Height

Gages, Length of Travel

Measuring Machines

Noncontact Measurement Equip.

Readout Devices, Digital

Readout Devices, Digital

Sensors, Capacitive

Sensors, Inductive

Stages, Coordinate Measuring Equip.

Transducers, Linear Displacement

Turnkey Gaging Systems

Video Inspection Systems

Click Here
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Sponsorships

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

BACK
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Sponsorships

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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Sponsorships

Hoto Instruments

3100 Dundee Rd., Ste. 707

Northbrook, IL 60062

(847) 564-2260

info@hoto-instruments.com

www.hoto-instruments.com

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

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

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

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

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

**Product Categories**

Creep Testers

Durometers

Encoders

Hardness Testers

Indicators, Speed

Stands, Test

Stroboscope Equipment

Torque Calibration Equipment

Torque Measuring Equipment

Torque Tools

Ultraviolet (UV) Equipment

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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Buyers Guide Premium 
Sponsorships

Ledford Gage Lab Inc.

P.O. Box 100 227 Industrial Dr.

Mulvane, KS 67110-0100

(316) 777-9300

sales@ledfordgage.com

www.ledfordgage.com

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

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

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

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

force equipment. 

**Product Categories**

Calibration Labs

Dead Weight Tester Calibration

Dimensional Inspection Services

Dimensional Measurement Equipment Calibration

Durometer Calibration

Force Calibration

Gage Block Calibration

Hand Gage Calibration

Hardness Tester Calibration

Mechanical Testing Services

Metrology Services

Repair Services

Surface Plate Calibration

Thread Inspection Services

Torque Calibration

Click Here
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Buyers Guide Premium 
Sponsorships

LK Metrology Inc.

29550 W.K. Smith Dr., Unit B

New Hudson, MI 48165

United States

Phone: (810) 263-6100

Fax: (810) 263-6101

sales.us@lkmetrology.com

www.lkmetrology.com

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

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

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

of manufacturers, both today and in the future.

Product Categories:

MEASUREMENT EQUIPMENT

 Coordinate Measuring Machines (CMM), CNC/DNC

 Coordinate Measuring Machines (CMM), Calibration Services

CALIBRATION SERVICES, CMM Calibration

TESTING / INSPECTION / MEASUREMENT SERVICES, CMM Inspection Services

SOFTWARE, DMIS/Computer & CAD Based Inspection

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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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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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

Click Here
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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

Click Here
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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

Click Here
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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

Click Here
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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

Click Here
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