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FROM T HE EDITOR |  DARRYL SELAND

HOPE FOR THE BES T.

Prepare for the Worst

It starts with a question: “What s̓ the worst that can happen?” Sounds like the sentiment underlying any over-
the-top movie centered on a buddy s̓ bachelor party.

However, the question has a life of its own, permeating just about every facet of our lives. It s̓ become a
mantra, made popular by poet and activist Maya Angelou and sales wizard and speaker Zig Ziglar—“Hope for
the best, prepare for the worst.”

In its most elaborate form, it is part of exposure therapy, a cognitive behavior therapy. Imagine a person with a
fear that if they do not do something seemingly inconsequential, such as remove a bracelet or go outside to get
the mail, they will die. It s̓ called thanatophobia. It is irrational, but very real for its su�erers.

Therapists will begin by asking the question, delving into the specifics of what if. When every possibility is
conjured along with a way to overcome each one, confidence will grow in our ability to deal with the situation.
In essence saying, even if the worst happens, we will know how to deal with it.

Exposure therapy takes it a step further and, in a very controlled way, turns going out to get the mail into a
reality. As we experience going to the mailbox and retrieving the mail over and over again and realizing it does
not result in our death, our discomfort with getting the mail begins to subside.

Individuals, businesses, and governments do roughly
the same thing. Have you ever tested an unfamiliar
chair by pressing on it to get a sense if it can hold your
weight or pulled on a door a�er youʼve locked it to
make sure it is secure?

“Ever experienced a �re drill?
I’m sure you have.”

Governments and other organizations perform drills to ensure security in a crisis. Ever experienced a fire drill?
Iʼm sure you have. These drills are our way of ensuring we will be ready if the worst should happen and
“experiencing” it gives us confidence that we will be able to handle it if  the worst should happen.

Possibly nowhere else is this preparedness more evident than in manufacturing, particularly in quality. Today,
putting products through the paces of its soon-to-be environment goes without saying. Knowing a product
meets specifications and can withstand the stresses it will be put through is an unquestioned part of the
manufacturing process.

Quality processes not only increase our confidence in the products produced, but also in the health of the
organization producing them. As Arthur Smith writes about color measurement, “When a product doesnʼt
meet color specifications, it leads to rework, wasted materials, added costs, delays, and impatient customers.
With a supply chain already stressed and materials costs rising and in short supply, manufacturers canʼt risk
incorrect color.”

One of the processes helping us tackle these risks is Lean manufacturing. As contributing editor Genevieve
Diesing writes, “Lean manufacturing applications have evolved greatly since the 1980s, when the term was
coined in association with the Toyota Production System. Lean was originally focused on the manufacturing
floor, but its methodologies have reached all levels of operations, from procurement to marketing. It has been
adopted across a range of industries, from healthcare to hospitality.”  

So, check out Arthur s̓ article, “Is Your Color Workflow Resilient for Today s̓ Supply Challenges?”, Genevieve s̓
article, “Why Lean Principles Stand the Test of Time” and everything else we have to o�er in this month s̓
Quality.

Enjoy and thanks for reading!

Opening Background Image Source: James P. Hohner Jr.

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

In 2021, the private and federal push for domestic
supply of essential goods propelled reshoring and
foreign direct investment (FDI) job announcements
to a record high. Projections from Reshoring
Initiative® 1H 2022 data show reshoring and FDI
continuing these gains. The current 2022 projection
of jobs announced is around 350,000 - another
record and up from 260,000 in 2021. If the projection
is achieved, 2022 will bring the total jobs announced
since 2010 to over 1.6 million.

Supply chain gaps and the need for greater self-su�iciency continue as major factors driving reshoring. The
possibility of a Taiwan-China conflict and the threat of China decoupling are focusing those concerns.
Destabilizing geo-political and climate forces have brought to light our vulnerabilities and the need to address
them. Subsequently, great opportunities have arisen for a meaningful rebound of U.S. manufacturing. If the
current trajectory continues, it will reduce the trade and budget deficits, add jobs, and make the U.S. safer,
more self-reliant and resilient.

More Takeaways from the Report:

The continuing upward trend is due almost exclusively to companies filling supply chain gaps of
essential products, including electric batteries, semiconductors, PPE, pharmaceuticals, rare earths
and renewable energy.

Shi�ing geopolitical forces are keeping supply chain risks in focus, resulting in increases in public
awareness, government interventions and actions by individual companies.

The Electrical Equipment industry has taken the lead with a significant increase in jobs announced,
due to large EV Battery investments.

So far, the top three states by jobs announced are Kentucky, North Carolina and Georgia.

Preliminary data indicates a continuing surge of reshoring and FDI in 2H 2022.

To see the full report, visit https://reshorenow.org/blog/reshoring-initiative-1h-2022-data-report/.

Reshoring Initiative 1H 2022 Data
Report: Multiple Supply Chain
Risks Accelerate Reshoring

FARO Acquires Mobile Scanning Provider GeoSLAM
FARO® Technologies, Inc., announced the acquisition of UK-based GeoSLAM, a leading provider of mobile
scanning solutions with proprietary high-productivity simultaneous localization and mapping (SLAM) so�ware
to create 3D models for use in Digital Twin applications. Founded in 2012, the addition of GeoSLAM is expected
to significantly expand and accelerate FARO s̓ market growth opportunity in the mobile scanning space.

“We are thrilled to add GeoSLAM s̓ handheld 3D scanning technology to our portfolio of cutting-edge data
capture solutions,” said Michael Burger, FARO president and CEO. “FARO now o�ers the industry s̓ broadest set
of 4D data capture solutions, including 3600 camera-based images, mobile scanning and stationary high-
accuracy laser scanning, allowing customers to balance the need for accuracy, speed and detail depending on
their requirements. These capture technologies provide the foundation for our 4D digital reality-based SaaS
o�ering that will allow customers to access multiple 4D data sources for visualization and analysis through a
single user experience. We welcome the GeoSLAM team to our FARO family.”

“Joining with FARO represents the next step in the growth of GeoSLAM and the establishment of mobile
mapping as a driver for growth in the way businesses map and understand their spaces,” added Andy Parr,
GeoSLAM CEO. “Both companies share a vision of the importance of mobile scanning in the burgeoning digital
reality capture market.”

GeoSLAM reported £14.5 million in revenue with 18% EBITDA in the fiscal year ending March 31, 2022. EBITDA,
a non-GAAP measure, is calculated as net income/loss before interest (income) expense, net, income tax
expense (benefit), foreign exchange rate variance, and depreciation and amortization. The transaction closed
on September 1, 2022, funded with available cash reserves and equity consideration.

Under terms of the agreement, GeoSLAM shareholders received a cash payment of £22.0 million and 495,562
shares of FARO stock that is subject to customary lock-up provisions. FARO expects the acquisition to be
accretive to Non-GAAP EPS in 2023.

For more information, visit www.faro.com.

ASQ Houston, Inspection Division Conference Coming in
September
The American Society for Quality, ASQ, will be hosting “Quality—Then and Now, its joint inspection division and
greater Houston section conference Sept. 29-30 at Sheraton Houston-Brookhollow Hotel in Houston, TX.

The one-and-a-half day conference will feature a bevy of speakers and wrap up on Friday a�ernoon with
individual tours throughout Houston, such as at the Space Center Houston, the Houston Zoo, the Museum of
Fine Arts, and the Lone Star Flight Museum. Wali Alam, Margaret Johnson, and Erin Urban will deliver keynote
addresses and a host of speakers will present throughout the conference.

ASQ Greater Houston Section Chair Eduardo Vega said, “This year our regional conference is turning into a
national one thanks to a joint e�ort with the ASQ Inspection Division. Houston is the 4th largest city in the
country; you will have the opportunity to network with quality professionals from the most diverse industries
such as healthcare, energy, manufacturing, etc. Quality professionals will share how the quality tools are now
part of the digital world. Join us!”

ASQ Inspection Division Chair Carl Drechsel said, “All organizations depend on quality to control processes and
judge performance. Information collected by quality professionals provides critical controls on key processes.
Turning data into action benefits the organizations that can leverage these data management tools. A major
consideration in quality improvement involves comparing “Quality Then and Now.” The 2022 Joint ASQ
Inspection Division & Greater Houston Section Conference in Houston, TX, on September 29 -30, 2022 provides
the necessary skills and knowledge to leverage these critical tools.”

For more information, visit https://asq.org/conferences/inspection-division.

Women in Manufacturing Education Foundation Announces 2022
Class of Hall of Fame Inductees
The Women in Manufacturing Education Foundation (WiMEF) announced 13 outstanding women leaders who
make up the 2022 class of Women in Manufacturing Hall of Fame inductees.

The group will be o�icially welcomed to the Hall of Fame with a ceremony and gala on October 12, 2022, as part
of WiM s̓ 12th annual SUMMIT taking place in Atlanta, GA. The event will welcome more than 150 attendees in
celebration of these trailblazing women in manufacturing.

The Women in Manufacturing Hall of Fame honors women who have made outstanding contributions during
the course of their established careers in manufacturing. Recipients include women who are dedicated to
supporting, promoting and inspiring women in the manufacturing industry.

“The 13 esteemed honorees who comprise our third class of inductees have made renowned, lasting
contributions to our industry,” said WiM and WiMEF President and Founder Allison Grealis. “Their commitment
to supporting and mentoring women in manufacturing has paved pathways for countless other women to
thrive in this industry. We are thrilled to recognize them in this special way.”

The 2022 class of Women in Manufacturing Hall of Fame inductees:

Inductees were nominated by their colleagues and industry peers and selected by a judging panel of Women in
Manufacturing Education Foundation (WiMEF) board members as well as sta�. The inductees were chosen
based on their lifetime contributions to the advancement of women in manufacturing.

“We are honored to welcome the 2022 class of inductees to the Women in Manufacturing Hall of Fame,” said
WiMEF Board Chair Cara Herzog, Vice President of Diversity, Equity and Inclusion, Southwire Company. “The
impressive work these 13 women have accomplished throughout their careers to support and advance women
in our industry is inspiring. WiMEF has now welcomed 37 trailblazing women into the Hall of Fame. They
exemplify why the foundation exists—to provide women in industry with opportunities to advance their
careers and become leaders in manufacturing.”

For more information, visit www.wimef.org and www.womeninmanufacturing.org.

Dorene Billingsley, Director of Operations (Retired) - AdvanSix

Michelle Bockman, President - STANLEY X

Lynn Bottone, Vice President, Biotech Operations - Pfizer

Louise Connell, Supplier Diversity Manager - BMW Manufacturing Co., LLC

Leah Curry, President - Toyota Indiana

Lori Goucher, Senior Vice President Technology and Investments Catalysts - BASF

Elizabeth Gri�ith, Director of Global Program Management - HFI

Tracey Horton, Vice President, Global Manufacturing, Optical Connectivity Solutions - Corning
(Optical Communications)

Denise Johnson, Group President, Resource Industries - Caterpillar Inc.

Dr. Ann Kelleher, Executive Vice President and General Manager of Technology Development - Intel
Corporation

Luann Rickert, Vice President, Internal Audit - John Deere

Michelle Taylor, Director, Advanced Quality Planning CHVAC - Trane Technologies

Pei Wang, Vice President and General Manager, Asia – BorgWarner

Xiris Appoints Polytec GmbH as Distributor
Xiris Automation Inc. announced that Polytec GmbH of Waldbronn, Germany has been appointed an o�icial
distributor of Xiris Weld Inspection Systems for Germany, Austria, and Switzerland. As experts in industrial
measurement technology solutions, Polytec will be able to provide consulting, demos, sales, and service for
the turnkey weld inspection systems that serve the tube and pipe industry. In entering this relationship with
Polytec, Cameron Serles, president of Xiris Automation comments, “We are pleased to work with such an
excellent partner who has many years of experience selling optical metrology equipment across Germany,
Austria and Switzerland. They share our values of a high level of commitment to ensuring customer
satisfaction and continuous improvement of technical knowledge.”

As pioneers of laser technology, Polytec has o�ered optical metrology solutions for research and industry
since 1967, operating as a distributor in its early years and by the 1970s, making a name for themselves as
developers of in-house, laser-based measuring instruments.

Currently, Polytec holds the position of global market leader in the field of non-contact vibration measuring
technology with laser vibrometers. Systems for length and velocity measurement, surface characterization,
analytics and process automation also make up its wide range of in-house developments. The distribution of
machine vision solutions and optical measurement systems is another of Polytec's core areas of expertise. Dr.
Dirk Samiec, Photonics business unit manager at Polytec, explains, "The systems from Xiris fit perfectly with
our focus of o�ering high-quality solutions for optical quality control and ideally complement our infrared,
hyperspectral and X-ray solutions."

For more information, visit www.xiris.com.

Women in Manufacturing Association Launches International
Women’s Network
The Women in Manufacturing® Association (WiM) announced the launch of the International Women s̓
Network (IWN), which aims to connect the association s̓ growing number of international members and deliver
them opportunities to connect, share information and support one another.

WiM currently supports more than 600 international members in 40 countries, with the largest concentration
of international members being in Canada, Mexico, India, Brazil and Germany.

The IWN kicks o� its programming with a virtual forum on August 25, 2022, from 9:30 a.m. to 11:00 a.m. Eastern
Time. Participants will hear featured guest speaker Susanne Lauda, Director of Global Advanced
Manufacturing Technology with AGCO Corporation, share her professional journey in manufacturing with WiM
President and Founder Allison Grealis. The program also includes interactive roundtable discussions on how to
survive and thrive in the male-dominated manufacturing space, and best practices on innovative ways that
companies are supporting and advancing women. More information, including free registration, is available on
the IWN webpage.

“As WiM membership continues to grow internationally, we are thrilled to bring networking opportunities to
this community through the launch of our International Women s̓ Network,” said WiM President Allison Grealis.
“A taskforce of WiM members, led by Chair Je� White of Robinson+Cole, was formed earlier this year to discuss
the needs of our international members and to develop programming and a peer network to meet those
needs. As a result, the IWN was created. We look forward to o�ering quarterly IWN forums that provide
international insights into key industry topics.”

WiM s̓ IWN will follow its virtual August kicko� program with an in-person forum in Stuttgart, Germany, on
November 2, 2022. This event will include panel discussions, workshops, plant tours and more. Those
interested in learning more can complete a brief form to get up-to-date information.

The IWN virtual series and in-person forum in Germany are sponsored by Amazon and Robinson+Cole. WiM
welcomes additional supporters and sponsors of its IWN programming. Interested companies should contact
Kay Adams at kadams@womeninmfg.org for details.

The Women in Manufacturing® Association is a more than 14,000-member-strong association dedicated to
supporting, promoting and inspiring women who have chosen a career in the manufacturing industry.

For more information, visit www.womeninmanufacturing.org.
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FACE OF QUALIT Y |  JIM L. SMITH

ORGANIZATIONS NEED COMMITTED PEOPLE TO SUCCEED.

Commitment
Regardless of what youʼve been told, there is one truism for people who must earn a living. You can expect your
employer to demand more from you. The reason is simple. The customer is the true boss. The marketplace,
with more choices to spend their money, demands far more these days from organizations supplying products
and services.

Clients and customers want much better quality, at lower prices, than ever before. They expect top-notch
service as well or they will take their business to your competitors. Studies reveal that as much as 70% of
customers go somewhere else due to poor service.

Speed is also essential because modern society has gotten used to instant everything! An organization that
emphasizes a speed-driven culture, while delivering good quality, has a distinct advantage in the marketplace.
The faster products move, the faster they improve. The faster things improve, the more the organization
learns! The only way your organization can even hope to compete and win is to employ high performance
people.

In times past, the most common solution to problems was just to hire more people and/or spend more money.
Organizations, however, can no longer a�ord that approach. Instead of simply throwing more people at
problems, many of the more successful organizations now throw fewer. They understand they must do more –
faster and better – with less. This recipe calls for highly committed people.

There is no room now for half-hearted e�ort. People
who seemed to keep their jobs merely because they
could just show up and do the minimum are going the
way of the dinosaur!

There is no room now for
half-hearted e�ort.

In today s̓ world, career success belongs to those dedicated to performance excellence. Success comes to
those who work from the heart, who invest themselves passionately in their jobs, and who recommit quickly
when change reshapes their work environment.

To be blunt, if  anyone finds they cannot recommit rapidly when the organization must make changes, they
should probably go somewhere else where the culture fits their approach. You must not waste your energy
resisting change or sitting on the fence. You must buy in, or execute your exit strategy, because that is best for
both you and your organization!

This is not the same as asking that you be blindly loyal to the organization. That would likely strike you as
rather hypocritical anyhow. We have all seen that the world puts hard limits on how loyal an organization can
be in return. Some leaders, however, seem to recognize the importance of two-way loyalty.

According to some surveys, as much as a third of employees leave, or plan to leave, an organization for a new
job due to feeling disrespected, being bored, needing to feel valued, or to seek a new challenge.

Enlightened organizations who genuinely care about their people and listen intently to their people s̓
improvement suggestions will develop a more loyal employee base. It is not surprising that employees who
trust and respect the organizational leadership o�en feel more empowered and motivated to do their best –
they become a highly committed workforce.

Organizations with a highly committed workforce generally outperform their competitors. However, the
worker must get something in return, with both tangible and intangible benefits. Urging you to have high job
commitment will serve your best interests, and benefit your organization.

There is little argument that highly committed people with strong, sustained results are compensated more
than those who are not committed. In addition, strong job commitment makes work far more satisfying. It is
therapeutic, as it is an excellent antidote for stress and a good cure for the pain of change. It also is
empowering, bringing out your very best potential, and making you a more valuable person. However, even
more than that it makes life more interesting and satisfying.

Bottom line: Commitment is a gi� you should give yourself, your family, your friends, and your organization. It
can become contagious! Being committed will make your life, and those who surround your life, much more
rewarding.

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

Jim L. Smith has more than 45 years of industry experience in operations,
engineering, research & development and quality management.
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SPEAKING OF QUALIT Y |  JIM SP ICHIGER

JOB 2 IS WHAT WE DO - WHEN WE HAVE OR MAKE THE TIME - TO
IMPROVE JOB 1.

Job 1 and Job 2

Recently I attended two separate meetings where the topic of Job 1 and Job 2 was discussed.  This topic was
new to several of my coworkers and it was something I had not heard discussed in probably 20 years.  For those
of you not familiar with Job 1 and Job 2, allow me to explain:

Job 1 is our everyday job; it is what we were hired for.  It is that whirlwind of activity that we face each day.  Job 1
is spent addressing the urgent things that one needs to accomplish to meet commitments, deadlines, demands,
etc.  At the end of the day one goes home tired from accomplishing some of the things on that never-ending to-do
list; only having to repeat the activity again the following day.

Job 2 is what we do - when we have or make the time - to improve Job 1.  Job 2 focuses on making improvements
to the relevant processes or enhancing our knowledge so that Job 1 becomes easier.

How much time do you spend on Job 1 vs. Job 2?  Are you caught up in a daily whirlwind of urgent activities
only wishing you had time to focus on the important things that would make your job easier?  Obviously, we
should dedicate significant time for Job 2 so our work gets simplified, which in turn allows us time to address
the important things rather than the urgent things.  However, in reality, when faced with the choice between
urgent or important, urgent wins nearly every time.

“Are you caught up in a daily whirlwind only wishing you
had the time to focus on the important things ?”

So how does one get out of the rut?  While there is no argument that Job 1 needs to get done, we also know
that we need to invest time and e�ort into ways to improve how we accomplish the work we were hired to do.
 Other than forcing yourself to attend a training course or attend a conference, here are some suggestions on
how you can improve yourself without impacting the hours you dedicate to work:

1. Practice skill development in a safe environment.  ASQ o�ers leadership positions within their local
geographic sections (aka chapters) and technical divisions where you can hone your business skills, project
management skills, so� skills, and more.  Toastmasters International o�ers a safe and positive environment to
develop your public speaking skills.

2. Spend the first hour of every day on self-improvement.  Before doing anything else:

Watch prerecorded webinars and/or take courses on LinkedIn Learning (or something equivalent).

Do something; but whatever you do, accomplish it before starting your work day, otherwise youʼll
struggle to find time later in the day.  Doing this will soon become a habit.

3. Make a commitment to attend your local ASQ meetings or something similar.  Surely you can dedicate
one evening each month to listen to a quality-related presentation and network with like-minded
professionals with similar experiences and needs.

4. Earn a professional certification.  Dedicate a few months refreshing yourself on a professional
certification s̓ body of knowledge.  This can be done through live or online training courses, self-paced courses,
or reading certification handbooks and/or primers.  Then, most importantly, take the certification exam
whether or not you feel ready; you might surprise yourself.

Do these suggestions work?  Emphatically: Yes!  I personally can attest, based on my own experience, that each
of these methods is e�ective.

Will it be easy to do?  A resounding: No!  Change is seldom easy so changing your routine or making the
commitment to do something new will be challenging but ultimately worthwhile.

Attending a conference, such as ASQ s̓ Quality 4.0 Summit happening this month in San Antonio, is an
excellent opportunity for you to begin investing in yourself.  Not only do conferences o�er keynote speakers
and a multitude of industry related speakers during the breakout sessions but they provide an excellent
opportunity to build one s̓ network.  In addition, many conferences have exhibitors showcasing their products
and services. The end result of attending a conference is newfound knowledge, an enhanced network, and
the possible discovery of products and services, all of which will benefit you when you return to Job 1.

Donʼt allow yourself to get stuck in the grind of working feverishly each and every day without taking the time
to periodically evaluate how you go about accomplishing your tasks.  You are the subject matter expert on
what it is you do (Job 1), it is your process, so identify waste, redundancy, complexity and then assess where
and how improvement can be made (Job 2).  Doing so will not only allow you to work more e�iciently but will
also provide you peace of mind.

Good luck with your Job 1 and your Job 2.

Read, read & read.  Grab a book or Quality Magazine, go to a conference room, and read.

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

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

CAPTURING AND ANALYZING COLOR DATA CAN HELP IDENTIFY AREAS FOR
IMPROVEMENT. By Arthur Smith

Color is a determining factor in product acceptance or rejection. When a product doesnʼt meet color
specifications, it leads to rework, wasted materials, added costs, delays, and impatient customers. With a
supply chain already stressed and materials costs rising and in short supply, manufacturers canʼt risk incorrect
color.

If your production color has started to dri� or is causing problems, it might be time to evaluate your color
workflow. Simple changes to how you use color measurement technology and the right training can
significantly impact quality control and your bottom line.

Here are seven questions every quality control manager should be asking:

1. Are you still using physical color standards? Traditional color workflows leverage physical standards for
color communication and quality control. However, physical standards can fade and become dirty or damaged
over time. It is hard to meet color requirements when comparing against an incorrect standard. A digital color
standard removes subjectivity from color communication and sets clear expectations to minimize errors. A
digital standard can include spectral data, tolerance data, measurement size and mode, device conditions,
illuminant information, and much more in one file. This ensures everyone across the manufacturing process
and supply chain is working with the same approved color standard. Digital standards also integrate with
formulation and quality control so�ware to help you begin color formulation immediately and quickly verify
color accuracy throughout production.

2. Are you taking advantage of ALL features in formulation so�ware? Whether you work with inks,
colorants, pigments, dyes, or resins, the wrong color formulation can easily lead to thousands of dollars in
wasted material and time. Recent advances in formulation so�ware can increase color match rates up to 50
percent. Using formulation so�ware, ink rooms, masterbatchers, dye houses, and other formulators can
accurately identify candidate formulas and cut the number of steps to get to an approved color match in half.
Formulation so�ware can also compare against digital standard data to verify accurate formulations and
leverage features such as Batch Recycle and Waste Work-O� to reuse le�over materials. With ink/resin/colorant
costs rising, formulation so�ware can help you maximize inventories, reduce waste, and produce accurate
color faster. Plus, some formulation so�ware is now available as a subscription, making it easy and a�ordable
to keep up with the latest enhancements.

X-Rite Color iMatch formulation software

3. Are you using the right color measurement device, and is it set up correctly? Spectrophotometers are
used in most quality control processes to verify that color is within required tolerances. These color
measurement instruments vary in size, geometry, functionality, and accuracy. Using the wrong device for your
color measurement application can lead to inaccurate color. You should also use the same or a similar
measurement device as specified in the digital standard, and ensure the device is set up using the same
measurement conditions to capture similar spectral data. If you are not sure what type of spectrophotometer
is best for your application or do not know which measurement conditions to use, talk with your customer or
consult with an application specialist from the device manufacturer.

X-Rite Cup and Cylinder Fixture with the eXact spectrophotometer

If  your sample is extremely large or small, liquid or powder, or an odd shape like a cylinder, a
spectrophotometer accessory like an adjustable stand or sample holder can help. These accessories ensure the
sample is held and positioned correctly for each measurement without damaging the device or sample, which
can introduce errors into your process. By using the right device, accessories, and measurement conditions,
you can truly compare “apples to apples.”

4. Is your spectrophotometer operating at peak performance? Like a car, spectrophotometers can dri� over
time due to age, wear, and environmental conditions. It s̓ essential to maintain your color measurement
devices to ensure optimal performance. First, keep your device clean. It s̓ like looking through a dirty window;
the aperture must be clean to capture accurate measurements. If you measure on a manufacturing floor or
loading dock that has airborne contaminants, you should clean your device regularly, if  not daily. Follow the
instructions in your device manual for best practices to clean the aperture, white tile, and other components.

Next, follow the manufacturer s̓ guidelines for service and certification; generally once a year. Factory ISO
certification provides quality control teams (and customers) the confidence that the instrument is capturing
accurate spectral data. Most device manufacturers o�er yearly service care plans that include annual
maintenance and repairs.

5. If you have a fleet of measurement devices, are they measuring consistently? If  you use more than one
spectrophotometer across your workflow, you must validate they all continue to operate the same. If each
spectrophotometer in your fleet measures a little di�erently, color data and production output will reflect this
color di�erence. In addition to annual maintenance, tools can help validate instrument performance and
reduce variation between devices. For example, these can check wavelength errors, make necessary
adjustments to calibrate the instrument, and validate device performance for tight inter-instrument
agreement across your fleet of devices.

If your spectrophotometer manufacturer o�ers one, a cloud-based fleet management tool is another great
way to maintain visibility into the health of all your color measurement devices. From one dashboard, you can
see the location, monthly calibration reports, certification status, warranty information, and more for your
fleet of instruments. For companies with multiple facilities, this real-time information makes it easy to identify
devices that may cause color dri� and require service.

The X-Rite Link dashboard shows the location and device health of all devices in a fleet

6. How are you tracking and analyzing data? Many process variables, including raw material, supplier,
operator, temperature, and humidity, can impact color and put you out of tolerance. Capturing and analyzing
color data can help identify areas for improvement to gain e�iciencies. For example, a fluctuation in
temperature due to the change of season or a hot sample that was not cooled properly before measurement
can a�ect the spectral data. Quality control and assurance so�ware tracks and analyzes these variables to
identify potential errors before they become a problem. So�ware can also track color and manufacturing data
– from specification to material supplier to manufacturing and assembly. It works with digital standards for the
most accurate spectral data and can provide an audit trail to improve communication and compliance across
the supply chain.

7. Do your employees have the right training? Over the past year, we have all seen stories about the great
resignation. As employees leave and new ones are hired, it is critical to educate anyone who works with or
approves color. This includes a solid background in color science, an understanding of the fundamentals of
color communication and evaluation, and training to properly use color measurement devices and so�ware.
There are several online and in-person color management trainings hosted by industry associations and
vendors that are ideal for new employees as well as anyone who wants a refresher. Ensuring everyone has a
base knowledge of color and follows the same best practices can improve your quality control program.

Online trainings

As manufacturers continue to work through ongoing supply chain challenges, consider whether there is room
for improvement in your color workflow to maximize inventories and minimize waste. Even if you already have
color tools and a quality control workflow in place, you can dramatically improve product quality and achieve
more consistent color by maintaining your instruments, taking full advantage of technology features, and
making minor adjustments to your workflow. The result is precise color the first time for a faster, more
e�icient, sustainable, and resilient manufacturing process.

All Images Source: X-Rite

Arthur Smith is vice president product management for X-Rite.
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T EST  & INSPECT ION

QUALITY CONTROL LAGS BEHIND RAPID GROWTH OF EV SALES IN NORTH AMERICA.
By Dr. Daniel Wetzig

for Electric Vehicles Long Overdue

Rapid growth in electric vehicle sales along with an increasing interest in fuel-cell-electric powertrain systems
presents the auto industry with serious and largely unanticipated quality-control issues.

Billions of lithium-ion battery cells are produced annually and more than five percent are estimated to have
small undetected leaks that can a�ect performance, shorten battery life and cause vehicle fires.

Only a small fraction of EV battery-cell leaks can be detected through traditional methods. Pressure-decay
tests, for example, are unreliable or too slow and allow small, but critically important leaks to go unnoticed.

The problem will be magnified by ever-increasing consumer interest in Battery Electric Vehicles (BEVs), Plug-In
Hybrid Vehicles (PHEVs) and Fuel-Cell Electric Vehicles (FCEVs).  

Once considered an extremely small niche market, electric vehicles achieved a broader, more firmly established
market share by the beginning of the current decade. Combined global sales of BEVs and PHEVs jumped 41
percent in 2020 and the pace has continued in 2021 and 2022.

A study by IHS Markit has predicted that nearly 50 percent of all new-car sales could be electric by 2035. At that
rate about half of cars on the road will be electric by 2050. The global EV battery market is growing at an ever-
increasing rate as well with annual sales expected to climb from $27.3 billion last year to more than $67 billion
by 2025.

Notably, EV batteries contain a variety of flammable materials, including lithium, manganese and plastic.
Lithium is highly reactive to water which in turn results in performance and safety concerns when battery
packs are exposed to water or high levels of humidity. Even extremely small leaks can cause a problem.

A study by the National Fire Protection Association indicated that most EV fires in the U.S. from 2013-2017
involved battery systems. Temperature fluctuations and heavy rain were among the major reasons cited for EV
battery-system fires.

Hydrogen also is highly flammable and fuel-cell-electric vehicles therefore have unique leak-testing
requirements, especially for hydrogen tanks, fuel cells and the batteries that drive electric motors.

Leak testing for EVs varies from company to company in the U.S. and o�en is done on a random basis. Industry
analysts estimate that fewer than 20 percent of the country s̓ EV battery components are thoroughly tested.
Despite a growing need, North America trails both Asia and Europe in setting leak-detection standards for BEVs
and FCEVs which increasingly seem mandatory to ensure customer safety, satisfaction and lower warranty
concerns.

Help is on the way, however. New quality-control technology developed over the past five years will allow
electric-vehicle manufacturers and their suppliers to establish industry-wide standards and develop
procedures to test EV batteries, battery coolant-systems and hydrogen-fuel-cell components for extremely
small, but dangerous leaks previously almost impossible to detect.

Technical papers presented at SAE (Society of Automotive Engineers International) programs over the past
three years outline solutions that will help pave the way for these new, tighter leak-detection standards.

The first paper, “Methods for Leak Testing Lithium-Ion Batteries to Assure Quality with Proposed Rejection
Limit Standards” (SAE 2020-01-0448), highlighted the need for better detection of liquid-electrolyte vapors
escaping from battery cells and supercapacitors. Researchers point out that the proposed method does not
require introduction of dedicated test gasses into the cells, rather detection of known electrolyte solvents like
dimethyl carbonate (DMC) in a nondestructive method applicable to cylindrical, coin, pouch or prismatic cells.
The paper concluded that for a leak of one (1) micron the equivalent helium leak detection would be
approximately 1·10-5 mbar·l/s.

An SAE paper the following year, “New Leak Detection Methodology to Protect against Microscopic Leaks and
Water Ingress in Battery Cells, Battery Packs and ADAS Sensors” (SAE 2021-01-0754) called attention to the fact
that Ingress Protection (IP) standards as written are not specific enough to be applied to current EV battery
cells, modules, packs and ADAS sensors. Nor do they ensure that these components and systems will retain
their service life and continue to operate safely. For example, the industry s̓ well-known IP 67 standard
suggests that testing for 30 minutes at a water depth of one meter should not allow water ingress in a harmful
quantity -- a testing specification di�icult to apply for most EV battery systems since water and batteries do not
mix.

In a 2021 paper, researchers for the first time established how materials like ABS, polycarbonate, steel and
aluminum used in battery cell and pack construction a�ect leak behavior and how liquid properties a�ect
leakage. With a custom test setup, research validated the correlation between gas- and water-leak rates. The
testing showed that even very small leaks will allow for water leakage. Gas-based test methods used by
industry can quantitatively detect these small leak sizes and ensure customer satisfaction and safety.

An SAE International paper released earlier this year covers EV-battery coolant-system issues. Entitled
“Proposed Standards and Methods for Leak Testing Lithium-Ion Battery Packs Using Glycol-based Coolant with
Empirically Derived Rejection Limits” (SAE 2022-01-0716), the paper confirms that gas-based leak-detection
methods are needed to accurately detect leak channels in battery-pack cooling loops using a variety of
di�erent housing material. Similar tests also are e�ective for testing cooling channels in fuel-cell stacks.

A variety of gas-based leak-detection systems, including one based on industry-first mass spectrometer
technology, now will allow for the thorough testing of all types of lithium-ion battery cells and packs whether
“dry” or filled with electrolytes.

These new systems provide quantifiable and repeatable results with extremely high levels of sensitivity that
previously were unavailable.

Print or digital copies of these SAE papers are available from SAE for $33 with an 18 percent discount for
members.

Research and industry-customer studies provide hard data and further evidence that gas-based leak detection
is needed to ensure safety, lower warranty costs and maintain high levels of customer satisfaction.

New, tighter leak-detection standards that can be uniformly applied throughout the industry are now needed.
Leak-detection equipment with high sensitivity rates to support these standards will ensure that battery
systems operate as intended, will increase consumer confidence and support future EV sales growth.

A survey by McKinsey & Co. and the World Economic Forum also has called attention to a major shi� from
combustion engines to electric drive systems for commercial vehicles. More than 70 percent of survey
respondents believed that electric powertrains represented the future for long-haul trucking and intracity
transportation.

FCEV sales, especially in commercial-vehicle segments, are expected to see a dramatic jump as well. Some
experts predict the FCEV market will grow by 65 percent or more over the next four to five years.

Why the interest in FCEVs? Proponents point out that they generally have longer driving ranges and can be
refueled faster and more easily. They also are especially well-suited for commercial trucks and buses that have
relatively short daily routes and return to a common garage area where they can be refueled overnight
reducing concern over an immediate need for an extensive hydrogen-station infrastructure.

All Images Source: INFICON

Dr. Daniel Wetzig is research manager for INFICON.
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LASER TECHNOLOGY TODAY HAS TAKEN SIGNIFICANT LEAPS FROM EVEN JUST A
FEW YEARS AGO. By Keven Tremblay

Product failures, scrap, and recalls can have a devastating impact on a manufacturer s̓ reputation and bottom
line. For this reason, tracking and solving manufacturing quality problems and continuous improvement are
crucial in every industry.

The cost of low quality is not always easy to assess, but it s̓ usually expensive. The average cost of a product
recall is around $10 million with some reaching significantly higher.

Beyond the hard costs of a recall, it s̓ hard to put numbers on customer dissatisfaction and shareholder
confidence, but a damaged reputation can last a lifetime. Product recalls also open the door for competitors.

Manufacturers do their best to develop processes that meet product quality specifications and industry
regulations. At the same time, however, they need to keep production lines as e�icient as possible to keep a
high production rate, reduce downtime, changeover, and loss of productivity.

In the last decade, laser material processing technologies have proven to be true allies for manufacturers,
helping them achieve quality without compromising on production cost and speed.

Laser Processing Technologies In Manufacturing
It s̓ reasonable to say that laser technology has changed the manufacturing industry. Lasers have
revolutionized many areas of the manufacturing process, allowing for precision manufacturing. Here are just
a few ways lasers have positively impacted manufacturers:

Bene�ts Of Laser Technology
Laser technology today has taken significant leaps from even just a few years ago. Nowadays, advanced laser
beams and custom applications let manufacturers complete complex processes faster and more e�iciently.

Here are a few of the key benefits.

1. Precision
Parts that demand strict manufacturing tolerances need high-precision tools. This precision has traditionally
been a challenge, especially for CNC machines. Over time, stress and wear impact accuracy until it becomes a
problem. Yet, even when components are o� at a microscopic level, they can be out of compliance with
manufacturing specs.

This precision is where lasers excel. You get consistent, highly accurate performance for several reasons,
including:

2. Repeatability
Precision alone is not enough to ensure consistent quality. Your processes need high repeatability, especially in
high-volume productions. Lasers o�er great repeatability for important reasons:

3. Flexibility
Laser technology is agile in its configuration, making it ideal to meet the evolving quality needs of
manufacturers while saving time and money.

Lasers include a variety of optical configurations that can be fine-tuned for each application. Configuration
changes are handled by so�ware, making changeovers and adaptations fast and easy to implement.

Laser programming can be adapted to accommodate di�erent shapes, depths, lengths, speeds, and more.
These adjustments tend to be more complex on machines that are not equipped with laser technology. They
typically require extensive manual changeover, or even retooling to accommodate changes.

Laser integrations are flexible as well. Robots, conveyors, and table-top laser solutions are available to fit
current installations or floor space limitations.

Examples Of Applications Where Quality Is Improved
In the automotive industry, lasers are used in nearly every stage of the manufacturing process to ensure
quality. Quality improvements are also seen across the manufacturing industry at large.

Here are a few specific examples that show how precision, repeatability, and flexibility are making a di�erence.

Laser marking: Laser marking generates identifiers directly on parts to add traceability for various
metrics.

Laser cleaning: Laser cleaning removes various contaminants such as coatings, rust, oxide, dust, and
electrolytes to prepare parts for subsequent operations.

Laser texturing: Laser texturing modifies the surface roughness and texture to generate desirable
surface properties before other operations.

Laser welding: Laser welding melts metals to join surfaces together.

Laser heat treatments: Lasers heat metal surfaces to improve oxidation resistance, wear and
corrosion resistance, and extend service time.

Laser cutting: Lasers perform accurate and repeatable cuts without mechanical stress.

No contact: With lasers, there is no mechanical stress and wear on the tool used to process the part.
This maintains a consistent quality over time, minimizing downtime and maintenance.

Optical tools: Optical tools have no heavy mechanical parts that can induce large imprecisions. Laser
scan heads are equipped with electromagnetic motors that are among the most precise motorized
tools.

Spot size: Lasers can process materials with micron precision. The focal point where the laser beam
hits the surface is o�en 50-micron in size (or smaller). This allows high-resolution surface processing
with incredible accuracy.

Reduced wear: Because laser systems are contactless, they eliminate wear and tear on machines. In
contact tools, wear and tear gradually diminishes quality over time and requires frequent
maintenance.

Technology made for automation: Lasers are managed by computers and require only minimal
mechanical movements. They are designed to be automated. Compared to other technologies,
downtime for maintenance is minimal.

E-Coating Removal from Driveshaft with Laser CleaningE-Coating Removal from Driveshaft with Laser Cleaning

Laser Cleaning to Replace Part Masking

Part masking is labor-intensive and prone to human error. This creates quality issues while increasing scrap,
rework, and costs. It can slow down the entire coating process and lead to poor-quality finishes.

Localized laser cleaning is being used to replace part masking. Manufacturers coat an entire surface and clean
the desired area instead of masking the areas that need to be protected from the coating. Not only does this
save time, but it cleans parts precisely.

Laser cleaning simply removes contaminants from a specific area while leaving other areas untouched. The
process is fast and fully automated, preventing manual errors while speeding up the process.

Localized Texturing to Replace Abrasive Blasting

Abrasive blasting methods such as grit blasting and shotblasting are e�icient, but they are imprecise and can
damage surfaces. By comparison, laser texturing is a highly controlled process that allows texturing precise
areas without damaging surfaces. For example, it is used to prepare surfaces for coatings such as thermal
sprays.

While grit blasting can damage the surface by creating microcracks and inclusions, laser texturing prevents the
formation of cracks by etching specific patterns that strengthen the surface.

Blasting methods can also be cost-prohibitive, especially for large manufacturing operations. Blasting media
also need to be recycled and replaced. Laser texturing accomplishes the same goals at lower operative costs by
creating micropatterns on surfaces with micrometer precision and accurate repeatability. This increases
surface adherence, wettability, thermal conductivity, and friction.

Shotblast Resistant MarkingShotblast Resistant Marking

Post-Treatment Resistant Markings

Ensuring transparency and accountability through the supply chain is essential. Manufacturers today need to
document each component both for compliance and safety requirements.

Part traceability and quality go hand in hand. In the last decades, OEMs have improved their traceability
capacities to better manage recalls and product counterfeiting.

Cradle-to-grave traceability demands that manufacturers implement traceability as soon as parts are created
so they can accurately be tracked throughout the manufacturing process and a�erward.

Manufacturers using laser marking can generate marks that survive exceptional wear, including shotblasting,
e-coating, powder coating, and heat treatments. With other marking technologies, these post processes can
erase product identifications or make them unreadable.

Battery Laser WeldingBattery Laser Welding

Laser Welding to Replace Ultrasonic Wire Bonding

Laser welding has become an alternative to ultrasonic wire bonding in battery manufacturing when making
connections between batteries and busbars.

Ultrasonic bonding is a slow process that requires multiple machines and significant floor space to meet
production requirements. Lasers have been used for some time to clean and prepare surfaces for ultrasonic
wire bonding, which requires a clean surface without contaminants to form a tight bond and obtain a final
surface with low resistivity. This has become a standard solution to avoid abrasion that can damage battery
components.

However, ultrasonic bonding has limitations. For example, it can only be used for lap joints. Welds cannot be
made to fit into small spaces, limiting battery designs. Many manufacturers are beginning to replace ultrasonic
bonding with laser welding in newer designs.

Laser welding can speed up the process and minimize the footprint by replacing about ten machines with a
single one. Laser welding can work with surfaces of varying quality, does not require substantial force to
clamp parts together during the process, and o�ers minimal heat-a�ected zones.

Laser welding also helps improve the quality of the welds by generating fewer failure points and less rework.

Conclusion
Laser technology has advanced dramatically over the past few years and its advancement continues to change
the manufacturing industry. With laser tech, manufacturers can worry less about quality problems that occur
with traditional technologies, leading to less downtime, less rework, and better adaptability to maintain
quality and repeatability.

All Images/Videos Source: Laserax

Keven Tremblay has been an electrical and automation technician for more than six years. Keven is now a
technical sales specialist at Laserax to present clients with the best laser solutions. His expertise in PLC
programming and electrical design as well as with vision systems allow him to better evaluate clients’ needs and
offer them adapted industrial automated solutions. www.laserax.com

OCTOBER 2022  |  VOLUME 61  |  NUMBER 10

https://www.youtube.com/watch?v=xgd8dK_Sn0c
https://www.youtube.com/watch?v=TL-4I-CvuQk
https://www.youtube.com/watch?v=XfJ8Z4L_Bog
https://www.youtube.com/watch?v=S_j89Cs1dcA
https://www.qualitymag.com/
https://youtu.be/xgd8dK_Sn0c
https://youtu.be/TL-4I-CvuQk
https://youtu.be/XfJ8Z4L_Bog
https://youtu.be/S_j89Cs1dcA


https://www.qualitymag.com/infocenter/next-generation-spc-and-quality-analytics


SOFT WARE & ANALYSIS

THE BEST WIRELESS DATA COLLECTION SYSTEMS CAN DRAMATICALLY INCREASE
PRODUCTIVITY, REMOVE THE POTENTIAL FOR ERRORS, PROVIDE COMPLETE
DOCUMENTATION AND AUTOMATE THE DATA ACQUISITION PROCESS. By L. S. Starrett

Integrating QC Measurement Data Into

Manufacturing Systems

The Internet of Things (IoT) and, in a broader sense, the Fourth Industrial Revolution (Industry 4.0) is the
omnipresent new paradigm in manufacturing today, profoundly a�ecting the way manufacturers are
operating or are planning to operate. Improving Overall Equipment E�ectiveness (OEE) is a key new IoT
requirement, and optimizing OEE necessitates accurate, up-to-date data across the entire organization,
including measurement and test data collected from both quality labs and directly from the manufacturing
floor.

Increasing the speed, volume and accuracy of measurement and inspection data collection is critical, as it
provides powerful insights vital to improving e�iciency and consistently manufacturing quality parts. In terms
of acquiring/ collecting precision measurement data for quality control purposes, the clearest path to these
advantages comes from wireless and mobile retrieval technology.

Wireless data collection systems should be mobile as well as robustly encrypted and secured, and be suitable
for multiple needs ranging from unrestricted distances and gage compatibility, to ease of use and practical
integration into automated manufacturing operations. The best wireless data collection systems can
dramatically increase productivity, remove the potential for errors, provide complete documentation and
automate the data acquisition process. Systems should include all of these benefits whether used by a single
employee or across an entire company with an integrated quality control system.

Why Traditional Approaches To Quality Control Measurement Data Leave Too Much Room
For Error
There are many reasons why manufacturers need to collect accurate, timely and complete measurement and
inspection data. OEE, Lean and Six Sigma initiatives require trustworthy data to support the best quality
control practices. Manufacturers, especially those in industries such as medical, biomedical, aerospace and
defense, must o�en meet regulatory requirements and provide traceable, reliable documentation for critical
part manufacture.

Data collection systems of the past share common limitations, including:

Potential for human error and delay: Systems that ask workers to manually track key measurements
require extremely precise attention to detail, exercised many dozens or even hundreds of times in a
single shi� – all which is o�en di�icult and unrealistic to consistently do, even if it is being done in the
first place. Education is another issue — employees may not have the background needed to fully
understand and accurately collect and transcribe data. Transposed digits, misplaced decimal points
and similar issues can commonly occur. Additionally, an employee may need to halt production work
to capture and record measurements, reducing overall productivity.

Digital security issues: Unsecured networks that are used to transmit measurement data can provide
inroads for hackers to gain more general access to a company s̓ data. When measurement data is
transmitted without the proper digital security measures, it presents a potentially serious security
risk.

Lack of scalability: Business growth and diversification can necessitate more quality control
processes which may be spread-out over one facility or multiple locations. At best, if  a data collection
system is not scalable, setting up separate data collection processes is time consuming, cumbersome
and may lead to confusion, inaccuracies and delayed communication. Or even worse, product
rejections, failures and legal implications with customers may result.

Incomplete analysis through a sampling strategy: A sampling strategy simply cannot provide the
complete picture o�ered by 100% measurement of each component produced. This structure,
common with some traditional QC processes, may lead to an inability to predict and identify dri�ing
production tolerances. In addition, this strategy is not even an option for industries such as medical or
military that require 100% part inspection and traceable documentation.

Increased possibility of rejects: Every rejected part represents money, time and resources lost.
Without the full insight provided by 100% measurement, manufacturers risk incurring additional
expenses as well as potentially harming relationships with customers. If a would-be rejected part
makes its way to a customer, especially one that requires strict standards compliance, the results can
have serious implications, if  not catastrophic.

How The Latest Systems Improve, Modernize And Streamline The Collection Of Quality
Control Measurement Data
An underlying principle is to enable manufacturers to accurately and consistently acquire large amounts of
measurement data for meeting Industry 4.0 requirements. Today s̓ wireless measuring data collection systems
should be complete, scalable, secure and robust for Industry 4.0.

That means o�ering foundational benefits thorough automation, ease of operation, streamlined scalability,
robust data encryption and protection, and unrestricted distances and unencumbered use for transmission.
The result is increased productivity, reduced errors, provision of full documentation and a reliable data
acquisition process driven by automation.

Operating on the latest wireless networking technology that uses short-wave radio frequencies to
interconnect cell phones, computers and wireless electronic devices, this enables much faster speed, greater
bandwidth and longer range for higher data throughput. Systems such as these o�er a wide range of crucial
benefits including:

Automation: When employees have to repeatedly stop work to record a measurement, productivity is surely
negatively impacted. Also, manual data collection processes can introduce errors into the records database,
with the potential to severely reduce accuracy and perpetuate flaws going forward. With the latest measuring
data collection systems, the press of a button can transmit measurement data, significantly saving time. For
example, it is at least four times faster to push a button compared with writing data and then typing it into a
computer.

Automation is maximized throughout the quality control measurement data collection process, improving
process e�iciency and the accuracy of measurements captured. Features such as automatic time stamping
provide critical context about each data point, required for traceability and compliance to quality control/
production specifications. Sending a message back to the measuring tool confirming receipt is also useful.  

Speed: High data volumes can be processed without delay, even at full capacity, with systems that use higher
bit rates and a very high-speed connection of less than 50ms of data travel time, as well as an ultra-low latency
network.

Ease of operation: Establishing a measurement data collection process can be met with resistance on multiple
levels. For company management, there may be uncertainty that putting a new method in place will have
tangible benefits. For operators, there might be some fear of the unknown and trepidation when learning a
new process. To assuage these concerns, ease of use is a high priority so that operators can quickly feel
confident and the data collection process is optimized in a short period of time. For example, ease of operation
extends to the mobile app, which eliminates the need to bring larger hardware, such as a laptop, into the field.

Versatility: A new network topology structure can be configured to many simple or complex situations and
distributed remote gateways can also be utilized. The modular structure of today s̓ systems makes it simple to
expand or contract a quality control measurement data collection process without having to acquire a new
data collection system. Data is transmitted from gages that have either built-in radio transmitters or externally-
mounted end nodes to gateways, and is operable on both Android or IOS mobile platforms and Windows®
based computers including laptops, desktop PCs, thin client PCs, and servers. Repeater and bridge
components can also connect directly to PLCs and other high-speed serial automation equipment for real-time
data collection or remote machine operation.

For wireless measurement, it is extremely productive to use wireless measuring tools that include embedded
radios, making them easier to use for data collection. It is also advantageous for a measuring data collection
system to be compatible with a wide range of electronic precision tools and gages brands. Backpack radios
expand functionality and are unobtrusive and easily attached. Users of the latest measuring data collection
systems can utilize multiple gateways which serve as central or distributed points for data collection, versus
conventional systems that have only one gateway. Compact gateways and repeaters can easily fit in the palm
of a hand.

Additionally, applications for data collection are incredibly diverse, and the system should be versatile enough
to cover all those applications. The latest measuring data collection systems are adaptable to nearly every use
case, with examples ranging from automotive and agricultural, to 100% measurement of all parts and
components in highly regulated industries such as defense, aerospace, medical, energy and more.

Scalability: The latest data collection systems are designed to dependably and accurately acquire precision
measurement data in an extensive range of applications and distances. From just one or a few measuring tools
over short distances, to configurations that have many measuring tools located hundreds of yards apart in a
large factory or spread out over a mile in multiple facilities, expanded distances and increased application
requirements are easily accommodated as measurement data collection requirements evolve and grow.

In its simplest application, a “Portable Scheme” features a Wireless app running on a mobile device. This
straightforward setup can have one wireless measuring tool with an embedded radio transmitting data up to
30 feet (10 meters) to a mobile device. Or, dependent on the mobile device, a Portable Scheme may have 5-8
measuring tools that connect to the mobile app for data transmission up to 30 feet (10 meters).  Also, users can
easily transmit measurement data up to 30 feet (10 meters) from one (or more) Wireless Measuring Tool(s) to a
laptop or PC that have a USB gateway.

Figure 1 – Portable Scheme

In a “Typical Scheme”, the manufacturer could have a computer or laptop running the measuring data
collection system to support 20 measuring tools in the data collection process over a distance of up to 200 feet.
In this setup, one USB gateway is included and backpack end nodes on the measuring tools increase the
transmission range from 30 feet to 200 feet.

Figure 2 – Typical Scheme

In a “Large Factory Scheme” example, 20 measuring tools can use a bridge and remote gateway to expand the
total data transmission range to hundreds of feet or yards.

Figure 3 – Large Factory Scheme

And in an “Enterprise Scheme”, measurement data transmission can be increased from hundreds of yards to
over a mile. By using remote gateways, bridges and perhaps adding in repeaters, over 100 measuring tools can
be incorporated. Each remote gateway can facilitate 20 measuring tools. For even greater distances, Yagi Long
Range Antennas can be incorporated in the scheme.

Figure 4 – Enterprise Scheme

Robust data encryption and protection: Data security is top-of-mind for all manufacturers, including military.
And while quality control measurement data by itself might not be particularly valuable to hackers,
cybercriminals can still spoof the networks used to transmit quality control data to gain more general access to
digital infrastructure.

Measuring data collection systems address this issue through a variety of measures, including security e�orts
which feature a highly secure wireless platform. Transported data is encrypted using a multi-layered approach
that absolutely prevents any outside access to the data, whether passive or active.

In addition, the mobile app doesnʼt connect to the OS of a smartphone or tablet, restricting unintended access
at a critical point. Maintaining good security also includes addressing emerging vulnerabilities in radio
transmission on a frequent basis to keep systems secure going forward, which your measuring data collection
systems supplier should be dedicated to keeping pace with.

Unrestricted distances and unencumbered use for transmission: Leveraging remote gateways, bridges and
repeaters o�ers an e�icient and reliable data transmission framework. System structures can involve as few
components as a backpack or embedded radio along with a mobile device running the mobile app, or utilize
bridges, gateways and repeaters to greatly extend transmission ranges in a large factory configuration.

The latest measuring data collection systemsʼ so�ware application uses a wireless network to gather
information from multiple measuring tools. The wireless network relies on the measuring toolsʼ embedded
wireless technology or end nodes to gather and then relay data back to the PC. The data collection system can
also send signals out to the network components to verify transmissions and request data. The hardware
components of the system are the: USB Gateway, Remote Gateway, Bridge Extenders, and End Node(s). The
End Node is a radio transmitter/ receiver that gets attached to a measuring tool. The USB Gateway is a radio
transmitter/ receiver attached to a PC. The Remote Gateway is the same as the USB Gateway but also extends
the communication range from the PC, by using a Bridge extender to boost the signals between the Remote
Gateway, and the PC. The Remote Gateway has the same range as the USB Gateway but can be set up very far
away from the PC.

Regardless of the system architecture put into place, the result is a dependable, accurate and fast solution for
gathering quality control measurement data from every point of operation where data collection is needed.

Practicality: It is e�icient to use end nodes and wireless measuring tools that are rechargeable, eliminating
battery replacement and associated costs. Also, consider using end nodes and wireless measuring tools that
o�er an IP67 level of protection for use in harsh shop environments. The ability to adapt to most existing SPC,
MRP, and ERP programs is another advantage to the measuring data collection system.

Consider Other Technical Details & Capabilities

Operating distance from gateways or mobile device is up to 30 feet (10 meters) for Wireless Measuring
Tools

Operating distance from gateways is up to 200 feet (61 meters) for backpack end nodes

One Gateway system handles up to 20 measuring tools, primarily calipers, micrometers, and indicators

Additional Remote Gateways will expand the number of measuring tools supported in increments of
20 each, and a repeater can increase the transmission range to miles

End Node Radios can store up to 10 readings if the main system is down or busy

Broadcast range is up to 2,000 feet (610 meters) between Remote Gateways and Bridge

Virtual multiplexers provided in the measuring data collection system take many inputs (tool data)
and share them over a single output resource, which is a virtual COM port. The virtual multiplexer
takes tool data and sends them on to a COM port for SPC so�ware and other SW packages to process.

Remote access over a LAN to the data collection server via remote client so�ware

Optional antenna types for various deployments

Suppler knowledge, service and support is key when choosing a measuring wireless data collection system. A
deep level of experience combined with expertise in quality control will go far in establishing a successful
implementation.

All Images Source: L. S. Starrett

The L.S. Starrett Co. www.starrett.com/datasure4
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MANAGEMENT

ALTHOUGH CONTEXTS AND TECHNOLOGIES CHANGE, WASTE CATEGORIES
ARE TIMELESS. By Genevieve Diesing

Why Lean Principles Stand

The Test of Time

Lean manufacturing applications have evolved greatly since the 1980s, when the term was coined in
association with the Toyota Production System. Lean was originally focused on the manufacturing floor, but
its methodologies have reached all levels of operations, from procurement to marketing. It has been adopted
across a range of industries, from healthcare to hospitality.

“Today, people are finding value in applying Lean principles and methods to almost any type of human
endeavor including nonprofits like the governments, the military, educational institutions, religious
organizations, and other nongovernmental organizations,” says Frank Murdock, ASQ Lean Enterprise Division.

Essentially, Lean is about identifying waste and eliminating it, which boosts the bottom line, says industry
veteran and Quality columnist Jim L. Smith, president of Jim Smith Quality Institute. Reducing inventory,
shortening production cycles and speeding up response time saves money. Some companies have reported up
to billions of dollars in savings by implementing Lean solutions.

However, companies can go too far. Murdock says Lean was initially used to justify massive layo�s, which
understandably resulted in fear and resistance. To combat this, leaders should focus on using Lean to upskill
and retrain workers instead of laying them o� — and should communicate this approach to sta�.

Investing in sta� is key.

“Non-utilized talent is a waste of sta� abilities and can hold a manufacturer back when it comes to innovation
because employees aren't being mined for their ideas on improvement suggestions,” Smith says. “It could also
result in losing talented workers who have realized their talents might be better utilized elsewhere.”

The pandemic has also impacted Lean in manufacturing, particularly with the global disruptions in the supply
chain, Murdock says.  

“With Just-In-Time inventories, the disruption was aggravated because, up to that point in time, the supply
chains were very reliable. Locally increasing inventories is a reasonable response when shortages begin to
occur in order to smooth out the disruptions. However, when everyone throughout the supply chain and the
customer based begins increasing inventories at the same time, that is when the system fails.”

Lean organizations with resilient and engaged workforces were able to pivot production, Murdock says. Many
manufacturers became involved in producing pandemic-related equipment such as PPE and respirators, and
Lean production systems enabled that.  

The pandemic also accelerated the digital transformation and the adoption of Industry 4.0, enabling people to
both work safely in the COVID environment with increase detection, as well as helping industrial engineers and
others to work remotely, Murdock says.

“This is ultimately transforming much of manufacturing and allowing reshoring of operations sent overseas
because of low labor costs,” he explains. “With automation and the application of Lean principles and
methods, we are now seeing the expansion of manufacturing closer to the markets they serve. This allows
manufacturers to be more responsive to changes in local markets as well as greatly improves supply chain
reliability by dramatically shortening lead times by sourcing to local suppliers.”

Some are grateful for Lean helping to grow their businesses; Others unfairly blame Lean for the pandemic s̓
supply chain issues, Murdock says. “With shortages, Lean manufacturing, especially Just-In-Time (JIT)
inventory management, got a lot of bad press,” Smith says. “Many began (and some still are) questioning if
supply chains were made too lean.” There is certainly truth to this, Smith says, as some managers try to
squeeze as much out of their pipelines as possible.  

“Some begin questioning if manufacturers needed to do away with JIT altogether and start producing more
inventory,” Smith says. “In my opinion that is not going to happen. However, those who truly embrace Lean
concepts will see the pandemic as a catalyst for change.”

The pandemic has underscored areas where manufacturing processes fall short, and Lean enthusiasts will
attack those weaknesses and be better for it, Smith says.

Smith wonders if new Lean initiatives have been adversely a�ected with so many people working from home or
out of the o�ice.  

“Not having o�ice sta� on hand to implement changes would have certainly brought a halt to a lot of
improvement,” Smith says.  

Lean can be somewhat controversial, but its methodologies have withstood the test of time because they
fundamentally make sense, Murdock says. Although contexts and technologies change, waste categories are
timeless.

Lean lists the following categories of waste:

Over-production or making more earlier or faster than the customer needs it.

Motion, or any person s̓ movement that does not add value as defined by the customer.

Inventory, or any supply of more than one of each item needed for each step of the process.

Transportation, or moving material or information around the organization that does not add value.

Waiting, or time lost pausing for machines, materials, information, products, services, etc.

Under-utilized people, or not utilizing their knowledge, skills, experiences, or ideas.

Defects, or products, parts, information, or services that require rework or are scrapped.

Over-processing, or e�ort that adds no value to the product or service from the customer s̓ point of
view.

As Industry 4.0 takes hold, the same principles hold strong, he says.

Deeply understanding customer needs, eliminating waste throughout all levels of production, respecting and
engaging the entire production sta�, seeking continuous flow throughout, and continuing to improve will
never go out of style. They just require di�erent applications.

Murdock says Lean is needed more than ever because we are becoming more connected.

“The rate at which information is flowing and decisions are needed, it has never been more important to apply
Lean,” Murdock says. With data collected at lightning-fast rates, errors have the potential to overwhelm our
automated systems and could cause massive variation and quality or safety problems.  

“Fortunately, we can avoid this by applying Lean principles and methods, sometimes in quite novel ways such
as using drone-based cameras to study layout and production flows for instance,” Murdock explains.

Lean manufacturing is primarily focused on ridding a process of all possible waste and maximizing the
activities that add value.

An organization considering a Lean journey must decide what's important before embarking, Smith says.
“Implementing lean will help clarify what your business really needs and help you plan other projects more
e�ectively,” he explains.

Leaders must also make sure there is buy-in before getting started, Murdock says.  “O�en there are several
competing solutions depending on those engaged in developing them. This is where jumping directly to
implementation is unwise.”

Lean promotes experimentation through Plan-Do-Check-Act. In many cases, none of the original solutions
works as expected, but rather a hybrid solution emerges and is implemented, Murdock says.  

Opening Image Source: Olivier Le Moal/iStock / Getty Images Plus via Getty Images.

Genevieve Diesing is contributing editor for Quality.
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This Case Studies Special Advertising Section features manufacturing companies with
real-world challenges using quality equipment, so�ware and services to solve their
problems and improve their processes. These problem-solving stories describe myriad
manufacturing challenges and how the correct application of a supplierʼs product or
service made the di�erence, providing quantitative benefits to quality and manufacturing
issues.

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

 

Case Studies

—  S P E C IA L A DV E R TIS ING  S E C TIO N —

New Automated Data Collection
Solution Ensures Speed, Accuracy,
Scalability and Security
Roush Yates Engines (RYE) of Mooresville, NC and its
manufacturing division, Roush Yates Manufacturing
Solutions (RYMS), continuously evaluates and decides the
most optimal ways to leverage technology. So, when RYE
explored ways to improve the accuracy, integrity and
throughput of its precision measurement data, the
decision was made to deploy DataSure® 4.0 (DS4), the
industry s̓ latest data acquisition solution developed by
The L.S. Starrett Co. of Athol, MA.

Multiple Starrett Digital Indicators in engine-mounted
fixture capture and transmit T.I.R. measurement data
to computer devices.

RYE is the exclusive engine builder of Ford Performance for the top levels of NASCAR including the NASCAR Cup
and Xfinity Series, as well as the IMSA Michelin Pilot Challenge. In addition, RYMS is a precision CNC parts
manufacturing organization with expertise in multi-axis machining of metal and plastic parts with complex
geometries for other motorsports, aerospace, defense and high-tech industries. Two well-equipped quality
labs have the tools necessary to measure and inspect a wide variety of parts.

Dogged By Data
Alex Marothy, Quality Control Technician/ Programmer & Automation Lead at RYE, said. “Machinists and
inspectors were writing down some measurements in log sheets which then needed to be keyed into computer
spreadsheets, taking time and possibly leading to errors, as operators may misread gages or write down
incorrect values.”

RYE implemented DS4 by starting with a multiple digital indicator application fixture designed for engine
inspection. The DS4 application is running in a 40,000 s.f. CNC machining area spanning from the front to back
of the shop, transmitting data approximately 200'. In this area there are at least 15 CNC machines, so noise and
signals are omnipresent, but despite the distance and potential ambient interference, DS4 operates smoothly
via a remote gateway and an antenna.

“We substantially improved our data collection accuracy and time,” said Marothy.  “We found that DS4 saved
from 8 to 10 seconds per measurement, and we are doing several thousand measurements per day, thus
saving over seven hours of labor daily.” 

RYE also needs to be very vigilant of keeping physical parts data in its network under strict security. DS4 is built
on a highly secure proprietary wireless platform, and transported data is encrypted using a multi-layered
approach that absolutely prevents any outside access to the data, whether passive or active.

CLICK HERE FOR FULL ARTICLE 
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GAGEtrak® Helps Halliburton
Improve Measurement Quality in
Energy Technologies
Founded in 1919, and with more than 60,000 employees
worldwide, Halliburton serves the upstream oil and gas
industry throughout the life cycle of the reservoir –
from locating hydrocarbons and managing geological
data, to drilling and formation evaluation, well
construction and completion, and optimizing
production through the life of the field.

Challenge: Responsible for ensuring that the company s̓ several thousand gages are properly managed,
tracked and calibrated, Halliburton s̓ Kathy Paredes needed to save time, reduce costly errors and
inconsistencies associated with storing and tracking data via spreadsheets and implement company-wide
standardization of gage and calibration data.

Solution: GAGEtrak Calibration Management So�ware by CyberMetrics. Halliburton initially installed one
license of GAGEtrak at a single location in early 2005 because it is “easier to use and has a place for all the
required information to maintain our gages,” Paredes says. She also notes that her favorite GAGEtrak features
are “the calibration due list and the ability to develop custom reports.” Paredes has also had great success with
CyberMetricsʼ support team, commenting that “the support team is very helpful and they teach me something
new every time I call.”

Impact: Halliburton found GAGEtrak to be such a valuable asset that since 2005, theyʼve installed GAGEtrak at
an additional 60 locations worldwide. Halliburton continues to use GAGEtrak “because it is the best fit for all
locations whether they calibrate their own gages or have them outsourced.”

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

GAGEtrak Calibration Management So�ware
1-800-777-7020
GAGEtrak.com

A universal metrology platform
for all measuring devices
AEREM is a French company that designs and
manufactures assembly and maintenance tools, as well
as mechanical and fluidic test benches, for the
aeronautics, aerospace, and pharmaceutical industries.
MSL Métrologie is a partner who o�ers 3D measurement
services on industrial sites in France and abroad, based on
several years of experience with large aeronautics and
aerospace companies. Both companies wanted a single
metrology so�ware to control their park of measuring
devices.
In 2019, AEREM decided to retrofit their measuring instruments and review the so�ware component. They
consulted MSL Métrologie, a user of PolyWorks® Metrology Suite, and chose PolyWorks|Inspector™, a 3D
dimensional analysis and quality control so�ware solution. It can control their CMM, laser tracker, and
measuring arm through plug-ins provided at no additional cost. “With this solution, we can quickly switch from
CMM-based measuring to portable-arm based measuring,” says Vincent Renaud, Methods and Product Quality
Control O�icer at AEREM. He also appreciates the excellent training and technical support and uses
PolyWorks|ReportLoop™ to send data to Excel and PolyWorks|Talisman™ to replicate the PC display on a mobile
device.

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

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

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

InnovMetric So�ware Inc
info@innovmetric.com

1‑888‑688‑2061
www.innovmetric.com
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Scanning an engine block. Source: Haven Metrology

2D RADIOGRAPHY CONTINUES TO BE ESSENTIAL TO THE
SAFETY AND RELIABILITY OF MANY OF THE WORLDʼS

INDUSTRIAL PRODUCTS
 

BY GREG WEAVER

2D Radiography (x-ray) is a nondestructive testing (NDT) method. Industrial 2D radiography is used daily to
inspect a large variety of components and materials for a diverse range of flaws, such as cracks, porosity,
delaminations, and others. The method includes both gamma radiation and x-rays. Because both can travel
through water, air, and soil, industrial radiography is extremely useful in inspecting components and materials.
Neither will damage the material. Objects in the field o�en do not need to be relocated to be inspected. The
method is applied in a multitude of manufacturing, repair industries, and in every type of inspection program.
2D X-ray is the most used NDT method outside of visual inspection.

X-rays were discovered in the late 1800 s̓ and shortly a�er, physicians began using them in medical procedures
to identify the presence of metal in the human body. Nobel Prize winner Marie Curie really pushed this into the
spotlight when she began using her x-ray methods to help doctors in or near battlefields to identify shrapnel
and bullet fragments in injured soldiers. X-rays remained primarily in the medical field for decades. As the
ability to produce stronger, more dependable, and safer x-ray sources developed, trades began to take notice,
and their usage expanded into industrial applications. As the source production continued to be proven and
accepted, and in tandem, as gamma radiation development also evolved, these applications began to grow at a
steady pace.

Source: WeaverNDT

In the early part of the twentieth century, radiography was not a widely used standard inspection method.
Initially, x-ray inspection applications were explored sparingly across various industries. It was not until World
War II (WWII) that 2D radiography became an inspection method of choice. This was heavily due to the United
States Navy (USN) as they began requiring gamma and x-ray inspections on all their structural welds for large
ships. Around the same time, the method became used for critical inspection of internal defects of various
weapons systems, especially for large gun barrels on ships and tanks. Gamma rays were applied on thicker
materials and x-rays on thinner materials. A�er WWII, usage expanded quickly, and the method soon became a
standard requirement for most military critical metallic components and assemblies. These requirements
stayed in place and rapidly flowed down into commercial sectors where new uses developed. This allowed for
expansion into nonmetallic products as well.

Today, radiography is accepted, and o�en required as a standard practice, in most industries. It is applied using
a diverse range of x-ray generation equipment and with three main types of image capturing.

Gamma ray isotope inspection can be extremely dangerous in a lay person s̓ hands, and the accompanying
equipment is very controlled, regulated, and monitored. Therefore, there is not easy access or a demand for it
in most commercial inspections. Because of this, the x-ray inspection industry, which is safer, has become the
main source of equipment supply for both the generation of the x-rays and the image capturing.

Up-close x-ray of a battery.  Source: Haven Metrology

On the generation side, there are di�erent equipment options that can be critical to specific uses and
inspections. Typically, x-ray tubes are either conventional sealed tubes or microfocus tubes. Conventional
tubes are standard for most industrial x-ray systems. These tubes are either used as stationary or as mobile
sources. Microfocus tubes are primarily for fixed bay x-ray cabinets where the items subjected to x-rays require
a sharp, detailed, and usually a magnified image. One of the main di�erences between a conventional tube
and a microfocus tube is what is known as the focal spot size. The focal spot is the area on the tube target that
receives the bombardment of electrons, and the size is the energy hitting the total area of the target. Standard
large spot conventional tubes have focal spot sizes ranging from 4mm x 4mm down to 1mm x 1mm. A second
group of smaller spot conventional tubes, called “fine focus,” have a focal size of .5mm x .5mm down to 50-
microns in diameter. Microfocus tubes are any tubes that have under a 50-micron spot. Other key di�erences in
tubes are features like minimum and maximum power ranges, target material types, and anode placement or
rotation. All these options can be key to providing successful applications, and they all need to consideration
and evaluation to ensure that the correct tube is selected for the job.

On the image capturing side, there are also several options to consider. In most cases, the three main options
are x-ray film, computed radiography (CR), and a digital detector array (DDA). Each will produce the “product”
of radiography, which is a radiograph, but each option comes with its own set of advantages and disadvantages.

Scan of a �lter. Source: Haven Metrology

X-ray film is the oldest option available, and it consists of a polyester base and an emulsion-gelatin that
contains silver halide crystals which are sensitive to radiation. Once properly processed, film delivers high
quality results and provides high spatial resolution, which is the ability of an imaging system to di�erentiate
between two nearby objects. This di�erentiation ability is the largest advantage when a great degree of
sensitivity is required. This benefit is the main reason the film is still being used in critical aerospace and
defense applications. However, film usage is fast becoming obsolete, and it will eventually be removed as an
option in radiography. The production and processing of film requires the use of potentially harmful chemicals
that need to be recovered and disposed of properly. Both producing and processing film are very time-
consuming. Aiding to film s̓ eventual demise is the reality that the other image capturing methods are
becoming increasingly sensitive and easily shared.

Computed radiography (CR) imaging plates use phosphor in place of film s̓ silver halides and the phosphor
requires less exposure time. The imaging plates are reusable, and they require no chemical processing, unlike
film. These two main advantages have driven a large influx of CR systems into a vast array of inspection
programs. In fact, most hospitals use CR exclusively. Another major advantage of this method is the conversion
of the scanned image into a digital record that is reviewed, interpreted, and analyzed on a computer monitor
and then saved and filed for review and archiving. Phosphor plates have been found to be as sensitive as film
for most applications.

Source: Haven Metrology Source: WeaverNDT

Digital detector arrays, which are typically called direct radiography (DR), are the final option for image capture.
This method uses an electronic flat panel detector which contains a scintillator layer, which has a combination
of embedded materials that convert the x-ray signals to visible light. This visible light is then converted to an
electronic voltage and the voltage changes are then amplified and digitized into a radiograph. The image is
captured in real time and can be displayed instantly on a computer. This technique has shorter exposure times
and produces high quality images, but it does have higher costs and is not as portable as either film or CR.

2D Radiography is an extremely popular NDT method and o�ers advantages over most other NDT methods. It is
a highly reproducible and flexible inspection that can be utilized on almost any material. The method can
detect issues on both the internal and external surfaces, and it requires nearly no surface preparation.
Systems can be fixed and industrialized for high production, or they can be portable and taken into field
situations and the images can be stored digitally and used for future analysis.

2D radiography continues to be essential to the safety and reliability of many of the world s̓ industrial products
and its use will continue to play a critical role in future developments.

Image source: Weaver NDT and Haven Metrology

Greg Weaver is founder and president of WeaverNDT. www.weaverndt.com
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FORCE TESTINGNDT

A Case for Distance Accuracy
in Force Measurement

WHEN IN DOUBT, SPECIFY A FORCE TESTER WITH THE
TIGHTEST AND MOST COMPLETE DISTANCE ACCURACY

SPECIFICATION NECESSARY FOR THE APPLICATION.

BY MARK FRIDMAN

Many of us are familiar with accuracy specifications pertaining to force measurement, usually a percentage of
full scale or a percentage of reading. While this is broadly understood, the waters become a bit murkier in
applications involving both force and distance measurements.

Many critical test results are values derived from distance, such as spring rate, modulus of elasticity, and
elongation at failure. In cases like these, confident and reproducible test methods rely on distance accuracy,
making it critical to understand a given force tester s̓ true distance measurement accuracy.

SPRING RATE:  THE BASIC INTERPLAY BETWEEN FORCE AND DISTANCE
Spring rate is a popular test result that demonstrates the mutual importance of force and distance accuracies.
 A spring rate test can evaluate any ordinary tension or compression spring or, more generally, the sti�ness of
any mechanical part.

This test result characterizes how much force must be applied to a sample to create a given amount of
deflection.

To visualize this, imagine wanting to know if the spring rate of a given compression spring is within its
engineering tolerance.  To make this determination, one would typically compress the spring down to a
predetermined height (Height1) and measure the force (Force@H1) at that height. The spring would then be
further compressed to a second height (Height2) and a second force measurement (Force@H2) would be
captured.  Inputting these values into the spring rate equation:

Although solvable, a downside of using this spring rate calculation to evaluate acceptance criteria is its
inherent complexity.  This calculation requires managing four di�erent variables across two di�erent
dimensions.

ACCEPTANCE CRITERIA WITHIN A SINGLE DIMENSION
To simplify the calculations performed at the end of each test run, there is a workaround:  use an o�line
calculation to determine what force value should be measured at each height.  Then, by comparing the target
force values (calculated before the test) to the measured force values (captured during the test), the test
results and acceptance criteria are confined within just the force dimension.

To illustrate this simplified approach, let us assign some values to a hypothetical sample:

To solve for the Target Force at Height 1, these values are put into the formula:

 

Spring Rate     50 lbF/in, ± 5%

Free Length     4 in

Height 1          3 in

Height 2          2 in

The target force values are 50 lbF and 100 lbF.  Since the spring rate has a tolerance of ±5%, the acceptance
ranges become 47.5 to 52.5 lbF and 95.0 to 105.0 lbF.

BLIND SPOT:  INDIRECT FORCE MEASUREMENT ERRORS
While it is convenient to isolate all acceptance criteria within the force dimension, one pitfall of this approach
is that users may gloss over the measurement errors that occur within the distance dimension. This can be
problematic because our testing application is designed to examine the relationship between force and
distance.  And, in this test, force is the dependent axis—meaning it depends on the independent axis, distance.
 So, any errors that occur within the distance dimension will necessarily impact results captured within the
force dimension.

For example, suppose a force tester was configured to compress the spring down to a height of 3 inches.  But,
because of distance inaccuracy, the machine instead moved a bit further down to a height of 2.9 inches.  Even
though the machine display should show a measurement of 3 inches, it would remain unaware that the spring
is actually being over-compressed by an extra 0.1 inch.  With a spring rate of 50 lbF/in, the force channel would
be measuring 5 lbF higher than if it were at a true 3 inch height.

Therefore, to determine if a given force tester is su�iciently accurate, we must account for inaccuracies in
both its force and distance channels.  Errors that originate in the force channel are usually quite easy to
determine via calibration and verification against a known standard. Errors that originate in the distance
channel take a little extra work to estimate.

EXAMINING TEST MACHINE ACCURACIES
Let us continue to flesh out this scenario by estimating the combined force measurement error for this
application.  And let us use some real-world specifications from an actual testing system, specifically a single-
column force tester commonly used in lower force applications.

The clearest expression of distance measurement accuracy states the following:

1.     A maximum fixed error, ex. ±0.002 in

2.     Any error related to the position along the testing machine s̓ column

3.     Any error related to the amount of force produced

The last two accuracy components above are important because a single-column testing machine s̓ column
deflects under load, due to the cantilever e�ect of the crosshead. The amount of deflection can vary greatly as
the crosshead travels from the bottom of the column to the top.

The load cell (force sensor) also deflects under load. This amount of deflection is linear and can be easily
predicted.

These components may be compensated via the machine s̓ so�ware, however, not all force testers have this
ability, nor are those with this ability necessarily factory-compensated.

For this exercise, let us assume that an in-tolerance sample could require forces up to 105 lbF, so it would make
sense to configure our machine with a 200 lbF capacity load cell. Assuming an accuracy of ±0.1% of full scale,
the testing system will carry an error of ±0.2 lbF throughout its measurement range while a�ording us ample
measurement headroom.

As we move on to our control axis, we note a distance accuracy specification of ±0.002 in, valid over the entire
length of stroke and over the entire range of forces. This specification will be uncommonly easy to work with,
but makes our calculations easier.

In a previous example, we used the nominal spring rate to estimate how much force error would result when
distance inaccuracy caused us to unknowingly over-compress a spring sample.  We can use that same concept
to characterize how much force error will be contributed by the distance accuracy specification:

In this application, the error contribution from distance accuracy (±0.1 lbF) is estimated to be just half of the
error that comes directly from the force channel (±0.2 lbF).  Playing it conservatively, we can add these two
error values together to arrive at a combined error estimate of ±0.3 lbF.

A UNIVERSAL QUANDARY:  HOW MUCH ACCURACY IS ENOUGH?
Of the two measurement points in this application, the 3 in height requires the tightest accuracy, so we should
use that as our worst-case scenario.  At this height, the force target of 50 lbF has a tolerance of ±2.5 lbF.
 Comparing the ±2.5 lbF engineering tolerance to our combined force error estimate of ±0.3 lbF, we can
calculate the test accuracy ratio (TAR):

TAR is a simple way of relating the measurement accuracy of a testing system to the acceptance criteria for the
testing application.  The basic rule of thumb on TAR has been to have at least a 4:1 ratio, so the more than 8:1
ratio here should deliver a strong level of confidence to our conformance decisions.

This accuracy analysis points to a central question:  How much accuracy is enough?   Let us work through some
examples.

Capturing a force measurement at the 3-inch height point, let us first consider an ideal scenario:  our measured
value lands right at 50.0 lbF.  This is great because our sample appears to be precisely at the target force value,
in the exact middle of our acceptance band.

But, since there will likely be some measurement error, there is a good chance that the true value is not exactly
50 lbF.  Our combined force error was ±0.3 lbF, so we can be confident that the true value is somewhere
between 49.7 and 50.3 lbF.

Expressing this TAR scenario graphically:

Above, the vertical green line represents the target force value of 50 lbF.  The blue bell curve is the
measurement error distribution of ±0.3 lbF, showing where the true value is most likely to fall.  The orange
rectangle is the acceptance criteria of ±2.5 lbF.

Since even the outskirts of the measurement error distribution (blue curve) come nowhere close to the
tolerance limits of the spring (orange rectangle), the odds of this sample actually being out-of-tolerance is
minimal.  As mentioned, having the measured value land right on the target value is the ideal situation.

But what happens if we instead had a measured value of 52.0 lbF?  Since the upper limit of the acceptance
band is 52.5 lbF, measuring 52.0 lbF still puts the sample within tolerance, right?  

Since the force tester under discussion a�ords us relatively tight accuracies, the error distribution of the
measurement is tucked safely within the acceptance tolerance band.  It would be safe to conclude that this
sample is still within tolerance.

But we must acknowledge that there is less certainty in this conformance decision than when the
measurement result landed right on the target value.  The second TAR scenario demonstrates that tighter
accuracy specifications become especially valuable whenever an in-tolerance sample veers closer to its
tolerance limit.

Finally, let us reconsider the second measurement scenario, but this time using a less accurate testing system.
 Let us assume that it meets the minimum 4:1 TAR guidance with a combined measurement error of ±0.625 lbF.

Inserting these lower-performance specifications into the previous measurement scenario:

The concern here is the section of the error distribution (in red) that extends beyond the upper tolerance limit.
 The section in red shows us the added risk we will carry if we use this measurement as the basis for an in-
tolerance conformance decision.

IN CONCLUSION
When in doubt, specify a force tester with the tightest and most complete distance accuracy specification
necessary for the application.  As these TAR scenarios demonstrate, using a higher specification system allows
users to accept in-tolerance samples more confidently without the baggage of added risk.

Image Source: Mark-10

Mark Fridman is the president of Mark-10 Corp. (Copiague, NY). For more
information, call (888) MARK-TEN, e-mail mf@mark-10.com or visit
www.mark-10.com.
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TRENDSNDT

Nondestructive

Testing (NDT) Trends

MANUAL MEANS OF PERFORMING NDT AND HUMAN
EVALUATION OF THE RESULTS IS TRENDING MORE AND MORE

TO AUTOMATED, DIGITIZED AND ARTIFICIAL INTELLIGENCE
INTERPRETATION OF THE RESULTS WHENEVER

ECONOMICALLY POSSIBLE.
 

BY MICHAEL ALLGAIER

Manual or human manipulated NDT is still the primary means of performing Nondestructive Testing (NDT) in
unique or one-o� applications.  Mechanical aids and/or computer assisted manipulation and scanning devices
can reduce data gathering time on the site of the item being inspected.

Digitalizing data for everything that can be thought of is a continuing trend.  The computer can then perform
analysis above and beyond the human analysis of analog data.

Automated or semi-automated inspection maximizes e�iciency for performing NDT of repetitive or continuous
inspections.  This is a mechanical improvement trend that has been going on since the beginning of specialized
manufacturing processes.  The industrial revolution has been based on this fact for a hundred years.
 Computers make the process even more e�icient.  Robots have replaced manual skills at an ever increasing
rate.

Visit us at the CAMX show, Oct 17-20.

Booth H63 in Hall D at the Anaheim
Convention Center.

Artificial intelligence (AI) is intelligence demonstrated by machines, as opposed to the natural intelligence
displayed by animals including humans. Leading AI textbooks define the field as the study of "intelligent
agents:" any system that perceives its environment and takes actions that maximize its chance of achieving its
goals.  

Artificial Intelligence powered Automatic Optical Inspection Solutions have the ability to reduce false calls and
eliminate defect parts passed in error in the electronic industry.

AI will o�er the ability to auto-recognize defects from Closed Circuit Television (CCTV) inspections from
multiple NDT methods.  This allows the ability to produce an accurate grade for the condition of piping, wire,
parts, circuit boards, bolts, machined products, etc.  AI has the potential to produce this data more quickly and
accurately than the human eye does.  Major financial saving can result from reducing human expertise and
replacing it with Artificial Intelligence.  The goal is to reduce false positives, increase confidence in true
positives and improve speed of inspection at the same time.  However, the human elements are not easily
replaced for one-o� applications not suitable for automation.  

Blue tooth communications over relatively short distances reduces need for extra people on a team or
extensive use of wiring as data communication method.  Bridges, buildings, ships, and other structures can be
monitored by continuous monitoring devices.  Long term data can be fed to centralized computer systems that
feed the sensor data back via blue tooth to a local accumulation station.  From there the inspection data can
be fed to a central data evaluation center.  This could be ultrasonic data from a bridge beam.  corrosion
monitoring on a pipe or vessel,  eddy current testing data from thousands of tubes, acoustic emission  from
thousands of wires in a cable of a suspension bridge or other similar applications.

 

ULTRASONIC TESTING (UT)
Ultrasonic Testing by phased array transducers is the biggest di�erence to come along in recent times.  The big
di�erence between conventional UT and phased array UT is the transducer. Conventional UT s̓ use single-
element transducers or paired element transducers, one for transmitting and one for receiving, to generate
and receive ultrasonic sound waves.  When using a single frequency and angle ultrasonic transducer multiple
change out of the transducer and angle wedge utilized would be needed to achieve maximum coverage and
optimum angle to best reflect o� the surface of the discontinuity being sought.  Very time consuming at best.
 With Phased Array UT the single pass over an area of interest can yield multiple angles and frequencies to
assure the optimum ability to detect various oriented and surface reflective conditions needed to detect
discontinuities.

Automated ultrasonic testing (AUT) uses mechanized scanners that are computer controlled to move
transducers over the surface of the material being inspected. As the transducer moves, the computerized
system acquires ultrasonic inspection data from a predefined programed pattern.

RADIOGRAPHIC TESTING (RT)
Film radiography from the days of Madame Curie has been replaced by Imaging plates and readers.  The days of
acetate based film being read in front of bright light sources are gone.

Computed radiography (CR) is the most common method of producing digital radiographic images and the first
technology that was commercially available.

X-ray equipment used for conventional radiography can be used for CR, making the transition from analogue
to digital radiography straightforward.

Digital Radiography, also known as direct digital radiography, uses x-ray–sensitive plates that directly capture
data during the patient examination, immediately transferring it to a computer system without the use of an
intermediate cassette as is the case with CR.  This save steps and consumable materials.

LIQUID PENETRANT TESTING (PT)
Fluorescent Penetrant Inspection (FPI) processing equipment consists of multi-stage immersion systems that
integrate aqueous parts cleaning, surface preparation, and surface treatment in one automated process.
Automated FPI systems are ideal for revealing flaws, cracks and fatigue signs, and for exposing metal grain
structure on the surfaces of aerospace turbine engine components.

MAGNETIC PARTCLE TESTING (MT)
Manual MT used to use artificial discontinuities to assure adequate field strength to perform a test.  This has
transformed into the electronic measurement of guass units by indirect measurement.  Complicated formulas
can be dropped in lieu of instant reading of magnetic field strength from a gage.  This accurately assures
adequate field strength for a legitimate test.

Automatic and semi-automatic magnetic particle inspection processing systems in use today provide improved
inspection reliability, increased inspection productivity and substantially lower inspection costs. Recent
advances in automatic inspection systems (AIS) further extend the overall capabilities of the magnetic particle
inspection method.

EDDY CURRENT TESTING (ECT)
Automated Inspection Eddy Current is ideally suited to inspection automation particularly of so called
rotationally symmetric components as it is a non-contact technique where coupling is not needed and no-
e�luent is produced.

Complete tube inspection service by advanced tube inspection systems can be bundled four inspection
technologies into a single unit.  Eddy current, Remote Field ET, IRIS, and MFL.

The ET & RFT is a high-speed, multi-channel, multi-frequency scanning system with advanced reporting and
tube sheet mapping so�ware.

The IRIS system is a single channel ultrasonic scanning system with the ability to inspection tubes in a wide
range of diameters.

VISUAL TESTING/REMOTE VISUAL INSPECTION (VT/RVI)

INSPECTION BY RVI
Several industries have utilized RVI/T including borescope (rigid and flexible) and videoscope.  

Sanitation system piping has been inspected by rover wheeled devices.

Power plant heat exchanger tubing IDs are inspected by push tube cameras.  

Aerospace jet engines are inspected by videoscopes.  

Electric power plants, regardless of heat source (nuclear/fossil/thermal) used to make steam are made up of
heat, pressure and water transfer systems, including vessels, valves, pumps and piping internals.  These
systems, components and parts have been inspected in the energy field by RVI/T for decades also.  

Nuclear power plants utilized remote visual testing for the In-Service Inspection (ISI), ASME Section XI
programs.  This includes reactor vessel internals and removable components which are inspected by remote
underwater cameras.  Some on a pole and some within remote operating vehicles (ROVs).  The top of reactor
vessels (PWRs) have been inspected by RVI crawlers looking for leaking control rod penetrations in high
radiation areas with hard to access configurations.   

Electric Power Research Institute (EPRI) pioneered developing Visual Examination for ISI applications with VE-
101, 102 and 103.  In the 1990s VT-1, -2 and -3 were addressed in great depth with a total of 104 hours of
training.  RVI/T was addressed for the inspection of piping, pumps, valves, reactor vessel internals and
removable significant components of reactor vessel internals.  Borescopes, fiber-scope, videoscope, cameras,
underwater cameras and ROV mounted cameras were all applicable to nuclear power plants.

Petro-chemical processing plants have likewise included internal exams of pumps, valves and piping internals
vis-a-via remote visual testing or inspection.

Any system or component of any size that has the misfortune of loose parts falling into unwanted spaces have
called upon the expertise of remote visual inspectors with the special skills of a puppeteer  and abilities to
operate with indirect images to retrieve the loose parts.

Wind turbines means of power generation are commonly inspected with videoscopes to assess the condition of
the transmission gears for wear in hard to reach gear boxes.

Maritime ship propellers at the four corners of a ship are oriented down into the water and have similar gear
boxes as wind turbines.  They receive similar RVT videoscope inspections for the same problems of wear and
alignment of the transfer gears as do wind turbine oriented upwards in the sky.

OUTDOORS RVI

Bridges, electrical high tension lines, damns and other altitude challenging objects have in recent years been
inspected by remote visual methods carried alo� by drones.  This is an application gaining much great
acceptance and gaining access to inspect areas previously very expensive to sca�old up or hang down to see.

Videoscope

INDOORS RVI

The goal of using RVI in an indoor inspection (i.e., for a boiler, pressure vessel, chimney, or some other asset
that requires entry) is to give inspectors are the primary ways companies save by using indoor drones for
inspections

An RVI tool could be something as sophisticated as drone for internal inspections, or it could just be a camera
hanging from a piece of rope.

Of all the RVI tools available to inspectors, indoor drones provide several benefits for NDT.

It is a way to collect data inside an asset without having to put themselves in harm s̓ way by entering it or
having to stand on sca�olding inside of it.

No sca�olding needed. Temporary structures like sca�olding that are used for inspections can be
incredibly expensive to put in and take out, sometimes costing tens or even hundreds of thousands of
dollars for a single inspection. Using a drone eliminates the need for sca�olding, which represents
huge potential savings for companies.

Reduced downtimes. Because installing and taking down sca�olding is so time consuming, using a
drone can also mean significantly shorter turnaround times, lessening the loss of potential revenue
from having assets o�line.

Less liability insurance needed. Because using a drone is safer than sending a person into a confined
space, some companies have been able to reduce their premiums for liability insurance by using
drones for indoor inspections.

CONCLUSION
Labor shortages in the current economic times are greatly magnified when the labor in question is skilled
trained labor.  The need to emphasize non-college degreed career paths cannot happen fast enough.
 Notwithstanding the need for most occupations in the skilled cra� categories also need some college.  More
and more the need for an Associate Science degree for the field of nondestructive testing is obvious.

As long as the supply of qualified personnel is inadequate to meet the needs of industry there will be e�orts to
automate and utilize artificial intelligence to perform and evaluate NDT.  Ironically, the greater the quality of
personnel performing NDT the greater the compensation commensurate with that increased education and
skill will be.  Therefore, the greater the pressure to automate and use artificial intelligence to substitute for
the human inspector.  Economics of supply and demand will decide the direction of the future.  The trend is
established I believe.
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BACK 2  BASICSNDT

When Choosing a Mag
Particle Yoke [Checklist]

5THINGS TO CONSIDER

IN THIS ARTICLE WE OUTLINE SOME KEY FACTORS TO
CONSIDER WHEN SELECTING THE RIGHT

ELECTROMAGNETIC YOKE OR CONTOUR PROBE FOR
MAGNETIC PARTICLE TESTING.

 

BY SAKIF FERDOUS AND WYATT BURNS

Yokes are some of the most versatile and trusted pieces of MPI equipment when you are out inspecting in the
field. They also come in a variety of shapes and sizes, which means some yokes are more suited to your needs
than others.  

Choosing the right yoke makes a tremendous di�erence to the inspector who is going to be using it over 8 hours
a day under di�icult conditions. Here are five things to consider when choosing the right yoke for the job.

1. WEIGHT
How heavy does the yoke feel in your hand? Try holding it for more than a few minutes and ask yourself the
same question.

Not all yokes are weighted equal; some yokes are almost twice as heavy as others. When you are using a yoke all
day, a heavier yoke can slow you down by 15% and cause fatigue. This is especially true if you are inspecting
surfaces overhead or in di�icult to reach areas.  

Another factor to check is if  the weight is equally distributed across the yoke. Is the yoke bottom heavy? That
could make it di�icult to inspect sideways. Some yokes can cause wrist strain when used at awkward angles.
Others may require the use of two hands to hold the yoke steady – e�ectively needing a second operator to
disperse the powder.

A bottom-heavy yoke essentially becomes cantilevered when holding sideways, which requires more force at
the handle to stabilize. A lightweight, balanced yoke is the best choice if you are inspecting for longer periods,
and for overhead or hard-to reach areas.

Differences between a bottom-heavy yoke vs a balanced yoke.  

2. ERGONOMICS
How does the yoke feel in your hand? Is it too big? Too small? Are there sharp edges that could get annoying
over time? How does the trigger feel? Is it positioned in the right place?  

These are all questions that address how comfortable your work experience is going to be with the yoke in
your hand.  

The ideal yoke allows the inspector to comfortably wield it with one hand, with a body that allows the fingers
to grip it tightly and a trigger that is correctly positioned for use in all orientations.  

How the shape of the yoke affects the grip.

3. DURABILITY
How long does the yoke need to last? Is it just for one job? Or do you need a yoke that will last a few years?  

Choosing a yoke that can survive the harshness of various tough environments can be the di�erence between
a smooth job and a frustrating experience.  

If  you want to keep the yoke for a while, choose a yoke that you can easily service yourself. Be mindful of the
most common points of failure for yokes – the cord and the trigger. Make sure the yoke you are investing in has
a cord and trigger you can replace or repair yourself.

 

4. POWER
How easily does the yoke pass the 10-lb test? Does it pass the same test a�er a day of work? What about a�er a
year?

Most new yokes today meet ASTM requirements for magnetizing power. However, some yokes can hold their
magnetizing ability for longer than other yokes.  

Before any job, ensure the yoke you are using can still li� a 10-pound weight. Check for and replace rounded
feet on the yoke to make sure you will always get good contact. Dual core yokes with coils above the yoke legs
tend to be stronger than single core yokes with the coil in the handle.

5. DESIRED INDICATIONS
What type of indications do you need to find? Do you want to see sub-surface indications? Or only surface
indications?  

It is easy to overlook this small detail but adding DC power to a yoke means adding substantially more bulk and
weight. If all you really require is to see surface indications, opt for an AC yoke instead.

 

SUMMARY
There are a lot more options today in the world of yokes than there used to be. Gone are the days when
operators had to live with a yoke that was uncomfortable - and sometimes dangerous - to use.  

When choosing your next yoke, consider the factors you learned today. Pick up a few di�erent ones to see how
each feel in your hand, and then imagine how they will feel a�er a full day's work. Think about which features
you really need, and what you can live without. Consider how long you would like the yoke to last. With these
factors in mind, you will pick the yoke that is best for you.

 

Image source: Getty Images

Sakif Ferdous is distribution manager and Wyatt Burns is equipment product manager
for Magnaflux. Learn about the most effective risk-reduction measure to increase safety
for field inspectors to improve your bottom line.
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Accurate Technology (ProScale)

270 Rutledge Rd., Unit E
 Fletcher, NC 28732-9399
 (828) 654-7920

 sales@proscale.com 
 www.proscale.com

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

Gage manufacturer for length, width, thickness 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. Made in USA

**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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AlisQI

P.O. Box 8371 
 Utrecht, OUS 3503 RJ 

 31-85-7600975 
 info@alisqi.com 

 https://www.alisqi.com

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

AlisQI is an easy to implement and integrate, �exible and cloud-based Quality Management platform. We

enable manufacturing companies to make their quality management data driven, automated and

omnipresent. More than 70 factories worldwide use our platform for Quality Control, Quality Assurance

and QESH management. We help our customers to reduce waste by up to 15%, increase their quality

level and save up to 20% on time.

**Product Categories**

Corrective Action Tracking Systems

Document Control

Quality Alert Noti�cation

SPC/SQC & Statistical Analysis

Total Quality Management

Click Here
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Arcadia Aerospace Industries

28000 Airport Rd., A-11 27256 Mooney Ave., Bldg. 110 
 Punta Gorda, FL 33982 

(800) 370-2821 
 info@arcadiaaerospace.com 

 https://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
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Buyers Guide Premium
Sponsorships

American Society for Nondestructive Testing (ASNT)

1711 Arlingate Ln. 
 Columbus, OH 43228 

 (614) 274-6003 
 customersupport@asnt.org 

 https://www.asnt.org 
 

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

Serving more than 22 000 members and certi�cate holders worldwide, ASNT, based in Columbus, Ohio,

is the largest technical society for NDT professionals. ASNT certi�cation and standards programs,

publications, conferences, education, membership, and professional development programs are the

foundation for expanding awareness of advancements in NDT. Governed by a volunteer group of of�cers

and directors, ASNT is organized by councils representing interests relating to certi�cation, engineering,

research, education, and section operations.

**Product Categories**

Management Service Certi�cation

NDT Services

Nondestructive Test (NDT) Equipment

Training, Certi�cation

Click Here
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Buyers Guide Premium
Sponsorships

CAPTURE 3D

Corporate 3207 S. Shannon St. 
 Santa Ana, CA 92704 

(714) 546-7278 
 info@capture3d.com 

 https://www.capture3d.com 
 

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

CAPTURE 3D is a leader in innovative 3D metrology solutions that optimize 3D scanning, inspection,

and reverse engineering applications for product development, manufacturing, and production.  Our

advanced technology and intelligent software quickly obtains accurate full part geometry to rapidly solve

engineering issues, prevent future problems, eliminate costs/iterations, while improving quality.

**Product Categories**

3-D Measurement Services

Benchmarking

CMM Inspection Services

Capability Studies & Statistical Analysis, Gage R&R

Capability Studies & Statistical Analysis, SPC

Coordinate Measuring Machines (CMM), Portable

Coordinate Measuring, Inspection Services

DMIS/Computer & CAD Based Inspection

Dimensional Inspection Services

Dimensional Measurement Equip.

First Article Inspection Services

Geometric Dimensioning & Tolerancing (GD&T)

Geometric Dimensioning & Tolerancing Services

Geometry Measurement Equip.

Laser Measurement Systems

Laser-Based Measurement Equip.

Lean Manufacturing

Measuring Machines

Metrology Services

NDT Services

Noncontact Inspection Services

Noncontact Measurement Equip.

Nondestructive Test (NDT) Equipment

Optical Measurement Equip.

Optical Scanners

Part & Tool Inspection Services

Probes, CMM

Problem Solving

Process Control

Process Control

Process Control Equip.

Quality Function Deployment

Quality Management Services

Reverse Engineering Services

SPC/SQC & Statistical Analysis

Scanners, 3D Scanning Equip.

Scanners, White Light Scanners

Sensors

Shape Metrology

Smart Cameras

Software

Statistical Process Control

Strategic Quality Planning

Surface Analysis Equip.

System Integrators

Vision Systems
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Buyers Guide Premium
Sponsorships

Geoform Inc.

16832 Gramercy Pl. 
 Gardena, CA 90247 
 (424) 292-3407 

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

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

In business since 1986, specializing in dimensional inspection / �rst article inspection, reverse

engineering, and 3-D scanning. Our clients range from small job shops and manufacturers to leading

�rms in commercial, industrial, defense, automotive, medical, and aerospace markets.  ISO 9001

registered, AS9100 certi�ed, ISO 17025 & NADCAP M&I accredited.

**Product Categories**

3-D Measurement Services

CMM First Article Inspection Calibration

CMM Inspection Services

Capability Studies & Statistical Analysis, Gage R&R

Capability Studies & Statistical Analysis, PPAP

Capability Studies & Statistical Analysis, SPC

Coordinate Measuring, Inspection Services

Dimensional Inspection Services

First Article Inspection Services

Form & Roundness Testing Services

Form/Shape/Surface/Contour Calibration

ID/OD Measurement Services

Laboratories

Laser Inspection Services

Management Service Certi�cation

Metrology Services

Noncontact Inspection Services

Part & Tool Inspection Services

Reverse Engineering Services
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Buyers Guide Premium
Sponsorships

Hoto Instruments

3100 Dundee Rd., Ste. 707 
 Northbrook, IL 60062 

 (847) 564-2260 
 info@hoto-instruments.com 

 https://www.hoto-instruments.com

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

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

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

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

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

**Product Categories**

Creep Testers

Durometers

Encoders

Hardness Testers

Indicators, Speed

Stands, Test

Stroboscope Equipment

Torque Calibration Equipment

Torque Measuring Equipment

Torque Tools

Ultraviolet (UV) Equipment
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Buyers Guide Premium
Sponsorships

Imada Inc.

3100 Dundee Rd., Ste. 707 
 Northbrook, IL 60062 

 (800) 373-9989 
 imada@imada.com 

 https://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 17025 accredited.

**Product Categories**

Adhesion & Bond Strength Testers

Bond Testers

Cable Testers

Calibration Equip., Force

Compression Testers

Creep Testers

Durometers

Friction Testers

Gages, Force

Hardness Testers

Indicators, Speed

Materials Test Equipment

Meters, Tension

Nondestructive Test (NDT) Equipment

Plastics Test Equipment

Shear Testers

Spring Testers

Stands, Test

Stroboscope Equipment

Tensile Testers

Torque Calibration Equipment

Torque Measuring Equipment

Torque Tools

Universal Testing Machines

Wire Crimp Pull Tester
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Buyers Guide Premium
Sponsorships

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

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

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

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

force equipment.

**Product Categories**

Calibration Labs

Dead Weight Tester Calibration

Dimensional Inspection Services

Dimensional Measurement Equipment Calibration

Durometer Calibration

Force Calibration

Gage Block Calibration

Hand Gage Calibration

Hardness Tester Calibration

Mechanical Testing Services

Metrology Services

Repair Services

Surface Plate Calibration

Thread Inspection Services

Torque Calibration
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Buyers Guide Premium
Sponsorships

LK Metrology Inc.

29550 W.K. Smith Dr., Unit B
 New Hudson, MI 48165

 United States
 Phone: (810) 263-6100

Fax: (810) 263-6101
 sales.us@lkmetrology.com  

www.lkmetrology.com

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

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

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

of manufacturers, both today and in the future.

**Product Categories**

CMM Calibration

CMM Inspection Services

Coordinate Measuring Machines (CMM), CNC/DNC

Coordinate Measuring Machines (CMM), Calibration Services

DMIS/Computer & CAD Based Inspection
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Buyers Guide Premium
Sponsorships

LRQA

1330 Enclave Pkwy., Ste. 200 
 Houston, TX 77077 

 (866) 971-5772 
 sales-usa@lrqa.com 

 https://www.lrqa.com/en-us 
 

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

LRQA is a leading independent provider of accredited certi�cation services across a broad spectrum of

standards and schemes as well as customized assurance programs. We deliver our services to companies

operating in all of the major sectors worldwide.

**Product Categories**

Quality Management Systems

Standards

Supply Chain Management
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Buyers Guide Premium
Sponsorships

Mark-10 Corp.

11 Dixon Ave.
 Copiague, NY 11726

(631) 842-9200
 info@mark-10.com

 www.mark-10.com

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

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

From peel testing to tensile testing, from spring testing to weld strength testing, we help Quality Control

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

the USA, and are covered by a 3-year warranty 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 toolsetters; sensors; hardware & software for data collection

& analysis; NDT systems and Machine Monitoring Solutions (MMS).

**Product Categories**

Analog Indicators

Automatic Gaging & Sorting Systems

CMM Programming/Simulation

Coordinate Measuring Machines (CMM), Probes & Styli

Detectors, Broken Tool

Dimensional Measurement Equip.

Eddy Current Test Systems & Equipment

Fixtures, Gaging

Gage Calibration/Management

Gage Masters

Gage R&R

Gage Repeatability

Gages, Air ID Measurement

Gages, Air OD Measurement

Gages, Angle Measurement

Gages, Automatic Size Control

Gages, Bore

Gages, Chamfer

Gages, Depth

Gages, Dial Indicator

Gages, Dial Indicator Snap

Gages, Electronic

Gages, Electronic Column

Gages, Electronic ID Measurement

Gages, Electronic OD Measurement

Gages, Electronic Snap

Gages, Fixed Limit (Go/No-Go)

Gages, Fixed Limit Plug

Gages, Fixed Limit Ring

Gages, Fixed Limit Thread

Gages, Fixture & Special Tooling

Gages, Flatness

Gages, Flush

Gages, Gear

Gages, Geometry

Gages, Handheld, Dimensional, Fixed & Variable

Gages, Height

Gages, In-Process

Gages, Plug & Ring, Cylindrical

Gages, Plug & Ring, Thread

Gages, Spline

Gages, Thickness, Electronic

Gages, Thread, Indicating

Gear Inspection System

Gear Measurement Equip.

Geometric Dimensioning & Tolerancing (GD&T)

Geometry Measurement Equip.

Indicators, Dial, Contact Points

Indicators, Mechanical Dial & Electronic

Laser-Based Measurement Equip.

Leak Detection Equipment

MultiSensor Measuring Machines

Noncontact Measurement Equip.

Nondestructive Test (NDT) Equipment

Optical Measurement Equip.

Probes, Touch-Trigger

Process Control Equip.

Readout Devices, Digital

Roundness/Cylindricity Measurement Equip.

SPC/SQC & Statistical Analysis

Surface Analysis Equip.

Transducers, Linear Displacement

Turnkey Gaging Systems
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Buyers Guide Premium
Sponsorships

North Star Imaging

19875 S. Diamond Lake Rd. 
 Rogers, MN 55374 

 (800) 635-8392 
 sales@4nsi.com 
 https://www.4nsi.com

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

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

DR & CT equipment and develops software applications for its systems. Other services include as-

needed Inspection Service, Technical Service and NDT training.  

**Product Categories**

3-D Imaging

Computed Tomographic Systems

Materials Analysis Equipment

Materials Testing Services / Labs

NDT Certi�cation

NDT Equipment Repair

NDT Lab Services

NDT Labs

NDT Scanners

NDT Training

Radiographic Test Systems

Robotic Inspection Systems

Training, Radiography

X-Ray Machine

X-Ray, Digital

X-Ray, Inspection Services

X-Ray, Inspection Systems

X-Ray, Tomography
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Buyers Guide Premium
Sponsorships

Q-Mark Manufacturing Inc.

30051 Comercio
 Rancho Santa Margarita, CA 92688-2106

 (949) 457-1913
 sales@cmms.com 
 www.cmms.com

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

SAME-DAY STYLI. Q-Mark Manufacturing Inc. offers same-day order ful�llment on machine tool & CMM

probe styli. Proudly made in the USA and unconditionally guaranteed since 1992. The Q in Q-Mark

stands for quality. We are ISO 9001:2015 certi�ed. Order online at CMMS.com. Q-Mark Guarantee: The

Q in Q-Mark stands for quality. We are committed to doing it right the �rst time.

**Product Categories**

Ceramics, Metrology

Coordinate Measuring Machines (CMM), Probes & Styli

Probes, CMM
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Buyers Guide Premium
Sponsorships

Q-PLUS Labs

13765-E Alton Pkwy. 
 Irvine, CA 92618 

 (949) 380-7758 
 qplus@qpluslabs.com 

 https://www.qpluslabs.com 
 

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

Premier full-service precision dimensional measurement and inspection laboratory providing a wide

array of quality measurement services, products, and solutions. Dimensional inspection, �rst articles,

reverse engineering, 3D scanning & analysis, pro�lometry. Products include a full line of measuring

instruments and systems. ISO 9001 registered, AS9100  & ISO 13485 certi�ed, & ISO 17025

accredited.

**Product Categories**

3-D Measurement Services

AS-9100, Consulting

AS-9100, Training

Adhesion & Bond Strength Testers

Analog Indicators

Analysis/DOE

Automatic Gaging & Sorting Systems

Borescopes, Video

CAD/CAM

CMM Calibration

CMM First Article Inspection Calibration

CMM Inspection Services

CMM Programming/Simulation

CNC Controls & Digital Readouts

CT Scanning Services

Calibration Equip., Mechanical

Calibration Labs

Calipers

Capability Studies & Statistical Analysis, Gage R&R

Capability Studies & Statistical Analysis, PPAP

Capability Studies & Statistical Analysis, SPC

Compression Testers

Consulting Services

Contour Analysis

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

Coordinate Measuring, Inspection Services

Cylindricity Measurement Equip.

DMIS/Computer & CAD Based Inspection

Dimensional Inspection Services

Dimensional Measurement Equip.

Dimensional Measurement Equipment Calibration

Failure Analysis Services

First Article Inspection Services

Fixtures, CMM

Fixtures, Gaging

Flatness Testers

Flexure Testers

Force Calibration

Form & Roundness Testing Services

Form/Shape/Surface/Contour Calibration

Gage Blocks

Gage Masters

Gage R&R

Gage Repeatability

Gage Stands

Gages, Angle Measurement

Gages, Bore

Gages, Chamfer

Gages, Depth

Gages, Dial Indicator

Gages, Electronic Column

Gages, Fixed Limit (Go/No-Go)

Gages, Fixture & Special Tooling

Gages, Flush

Gages, Force

Gages, Gap

Gages, Gear

Gages, Geometry

Gages, Handheld, Dimensional, Fixed & Variable

Gages, Height

Gages, In-Process

Gages, Laser

Gages, Laser Pro�ling

Gages, Pin

Gages, Plug & Ring, Cylindrical

Gages, Plug & Ring, Thread

Gages, Thickness, Coatings - Contact

Gages, Thickness, Electronic

Gages, Thickness, Laser

Gages, Thickness, Noncontact

Gages, Thread

Gaging Accessories

Gear Inspection Services

Gear Inspection System

Gear Measurement Equip.

Geometric Dimensioning & Tolerancing (GD&T)

Geometric Dimensioning & Tolerancing Services

Geometry Measurement Equip.

Graphics

Hard Gage Calibration

Hardness Testers

ID/OD Measurement Services

ISO 13485, Consulting

ISO 13485, Training

ISO 9001: 2015, Consulting

ISO 9001: 2015, Training

Indicators, Mechanical Dial & Electronic

Laboratories

Laser Inspection Services

Laser Measurement Systems

Laser-Based Measurement Equip.

Load Cells

Machine Vision Equipment

Management Service Consultants

Measuring Machines

Mechanical Testing Services

Metrology Services

Micrometers

Micrometers, Bench

Micrometers, Thread

Microscopes, General Purpose

Microscopes, Measuring

MultiSensor Measuring Machines

Noncontact Inspection Services

Noncontact Measurement Equip.

Optical Comparator Charts

Optical Comparators

Optical Comparators, Accessories

Optical Equipment Calibration

Optical Measurement Equip.

Optical Scanners

Other Calibration Services

Other Management Services

Other Software Applications

Other Testing, Inspection, Measurement Services

Part & Tool Inspection Services

Plates, Surface

Probes, CMM

Probes, Touch-Trigger

Problem Solving

Process Control

Process Control

Quality Management Services

Reverse Engineering Services

Roundness/Cylindricity Measurement Equip.

Scanners, 3D Scanning Equip.

Scanners, Laser Scanners

Scanners, White Light Scanners

Sensors

Sensors, Optical

Shape Metrology

Software

Spring Testers

Spring Testing Services

Stages, Coordinate Measuring Equip.

Stands, Indicator

Statistical Process Control

Stiffness Testers

Strategic Quality Planning

Surface Analysis Equip.

Surface Contour & Pro�le

Surface Finish & Texture

Surface Finish Analysis Services

Surface Finish Equip., Averaging

Surface Finish Equip., Pro�ling

Surface Plate Calibration

Surface Waviness

Tapes / Rules, Measuring

Tear Testers

Tensile Testers

Thickness Testers, Coating

Thickness Testers, Ultrasonic

Thin Film Measurement Equip.

Thread Inspection Services

Training

Training & Consulting Services

Training, Geometric Dimensioning & Tolerancing

Training, Metrology

Training, Quality

Turnkey Gaging Systems

Universal Testing Machines

V-Blocks, Straight Edge

Video Accessories

Video Inspection Systems

Video Machines & Systems

Videoscopes

Vision Inspection Systems

Vision Inspection, Components/Peripherals

Vision System Integrators Services

Vision Systems

X-ray Machines
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SigmaXL Inc.

305 King St. W., Ste. 503 
 Kitchener, ON N2G 1B9 

(888) 744-6295 
 sales@sigmaxl.com 

 https://www.sigmaxl.com 
 

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

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

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

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

Sonoco, Southwest Airlines and Tyson Foods. SigmaXL software is also used by numerous colleges,

universities, and government agencies.  

**Product Categories**

Analysis/DOE

CMM Programming/Simulation

Failure Mode & Effects Analysis (FMEA)

Gage R&R

Gage Repeatability

Graphics

Other Software Applications

Process Control

Quality Function Development (QFD)

Regression Analysis

SPC/SQC & Statistical Analysis

Six Sigma

Total Quality Management

Training
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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 89 years. All of our

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

**Product Categories**

Hardness Testers
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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 with State of the Art Air Gage Readouts. Providing the industry with Custom Production

Gaging Solutions since 1968.

**Product Categories**

Dimensional Inspection Services

Gage Masters

Gage Repair

Gages, Air ID Measurement

Gages, Air OD Measurement

Gages, Air Snap

Gages, Angle Measurement

Gages, Fixed Limit (Go/No-Go)

Gages, Fixed Limit Plug

Gages, Fixed Limit Ring

Gages, Flatness

Gages, Plug & Ring, Cylindrical

ID/OD Measurement Services
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