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FROM THE EDITOR  |    DARRYL SELAND

OR PROGRESS?

Ego 
News in early July is usually dominated by Fourth of July celebrations and sporting events like the NBA Finals, 
Stanley Cup, and the MLB All-Star Game. This July has been no di�erent, other than coverage of three separate 
American billionaires going, or soon planning to go, into outer space.

Traditionally, and even very recently, space exploration has deserved the attention of the media and the rest of 
us. Past trips into space have served to inspire individuals, nations, and the entire world, a symbol, if not actual 
proof, of the progress of society. These recent endeavors into space are said to prove space travel can be 
successfully performed by the private sector and that reaching space is within the grasp of the average person. 
It’s also been frequently dubbed nothing more than the competition between, and placation of, the massive egos 
of these three billionaires. Regardless, it got me thinking about the progress provided by the space race and 
exploration of the universe, as well as other historic undertakings, that have led directly to progress here on 
Earth.

Research and development into technology to send 
man to the moon, defend our country, and protect us 
from disease have not only allowed us to accomplish 
these things but also provided for the way we now 
live our daily lives.

It’s also been frequently dubbed
nothing more than the competition

between, and placation of, the massive
egos of these three billionaires.

NASA has an annual publication, called Spino�s, that documents products that resulted from NASA research now 
used in industry and by consumers. The pub reports to have documented more than 2,000, for instance, memory 
foam, freeze-dried food, firefighting equipment, so-called “space blankets,” the Dust Buster, cochlear implants, 
and CMOS image sensors.

The same can be said for the military, and specifically DARPA, or the Defense Advanced Research Projects Agency. 
Probably most notably, DARPA was responsible for the concept and development of ARPANET, described as a 
prototypical communications network, and the digital protocols that “gave birth to the internet.”

According to The Economist, the agency has “shaped the modern world,” and said, “Moderna’s covid-19 vaccine 
sits alongside weather satellites, GPS, drones, stealth technology, voice interfaces, the personal computer and 
the internet on the list of innovations for which DARPA can claim at least partial credit.”

Based on the success in developing technology, DARPA-modeled agencies are also being deployed in other 
sectors and industries, such as ARPA-Health, an agency launched in June to “accelerate innovations in health and 
medicine.”

In fact, the idea of technology that starts out benefitting one industry or sector and finding its way to being useful 
in another is not uncommon, and not uncommon to the quality sector. Computed tomography was championed 
as a measuring instrument in aerospace, automotive and medical technology. As Florian Knigge writes, 
“Industrial computed tomography has made considerable progress in recent years. As a result, the technology, 
which has long been established in research and quality laboratories, has now also reached the production 
floors. The volume data generated is no longer used only for standard nondestructive testing—i.e., the search for 
defects such as cracks or pores—but increasingly also for the measurement and imaging of complex components 
and tools.”

So, read Florian’s article, “CT for Dimensional Precision Measurement Reaches Production Floors” and 
everything else we have to o�er in this month’s Quality.

Enjoy and thanks for reading!

Opening Background Image Source: James P. Hohner Jr.

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

America Makes continues to fulfill its mission of building an additive manufacturing (AM) talent pipeline across 
the state of Ohio with the announcement of the Ohio Secondary Education Additive Manufacturing Training 
Network.

Created in collaboration with and support from the Ohio Development Services Agency (OSDA), this network will 
provide formal education and training of AM technologies to high school students and their educators to ensure 
the next generation of Ohio workers are equipped with the skills to fill advanced manufacturing jobs. Initially, 10 
high schools statewide, including those in both urban and rural settings and representing public, charter, and 
career and technical schools are participating in the network. This America Makes Education and Workforce 
Development (EWD) program is funded through the Fiscal Year 2020-21 State of Ohio operations budget.

According to the 2020 Ohio Manufacturing Report by the Ohio Manufacturing Extension Partnership (MEP) & 
MAGNET, 57% of Ohio’s manufacturers indicated that the skilled worker shortage is the number one challenge 
impeding business growth. The Ohio Manufacturing Report aligns with national findings released by a 2021 study 
from Deloitte and The Manufacturing Institute, which projects that by 2030 more than 2.1M U.S. manufacturing 
jobs are likely to go unfilled. The reason? The manufacturing skills gap. Eighty-two percent of those national 
respondents also reported that revenue growth is stagnating because of the inability to find skilled talent.

However, programs like the America Makes’ Ohio Secondary Education Additive Manufacturing Training Network 
are exactly the types of initiatives that can help to reverse this trend according to the Deloitte and The 
Manufacturing Institute study. The network significantly expands training opportunities for both Ohio students 
and educators.

“There’s no question that our state and our nation are facing a significant skilled labor shortage and 
misalignment of skills and competencies,” said Josh Cramer, America Makes Education & Workforce 
Development Director. “We need to take action now with K-12 students, with immediate emphasis on focusing on 
secondary education students and empowering their educators—from teachers to principals and guidance 
counselors—to help them increase students’ awareness of AM technologies and advanced manufacturing 
careers. The awareness vacuum around manufacturing career opportunities is an even larger issue than the 
skills gap. With the creation of the Ohio Secondary Education Additive Manufacturing Training Network, we are 
building that critically needed additive talent pipeline across the state of Ohio.”

The Ohio Secondary Education Additive Manufacturing Training Network leverages best practices and industry-
vetted content/curriculum from America Makes and its membership community; o�ers industry recognized 
credentialing and badges; and provides tailored training and coaching to teachers, principals, and counselors. It 
also includes a middle school toolkit, complete with teacher training, to encourage interest in AM in these 
students. Each school in the network is also receiving AM technology packages of six Dremel DigiLab 3D45 
Advanced Idea Builder 3D Printer bundles with materials and supplies. Additionally, each school will receive 
support for community engagement activities, open houses, and participation in national AM events like RAPID + 
TCT 2021.

The 10 Ohio secondary schools participating in the network are:

Grant Career Center

Horizon Science Academy Columbus High School

Apollo Career Center

Ashtabula County Technical and Career Center (A-Tech)

Butler Tech

MCCTC and Valley Stem

The Dayton Regional STEM School

Windham Exempted Village Schools

Theodore Roosevelt High School

Marietta High School

For more information, visit www.americamakes.us.

America Makes Announces the Ohio Secondary Education 
Additive Manufacturing Training Network to Address State’s 
Skilled Worker Shortage

East Coast Metrology, LLC announced its immediate expansion into Canada through a partnership with Precitech 
Metrology, a full-service 3D metrology and precision alignment company based in Montreal, Quebec. 

In collaboration with Precitech Metrology, ECM is now able to o�er customers in Canada an ISO/IEC 17025 
Accredited Calibration Certification for all portable new or pre-owned measuring instruments including laser 
trackers, laser scanners and portable CMM arms. With the local benefits of Precitech and the long history and 
experience of the two companies working together in Canada, customers will have a convenient solution while 
eliminating the challenges o�en seen when parts and equipment cross the border. “Over the years we have 
developed a strong working relationship with Precitech Metrology, and we are excited to advance this to the next 
level. Precitech will be instrumental in our continued expansion of service o�erings throughout North America,” 
Gary Confalone CEO - ECM Global.” 

Furthermore, ECM announces the launch of their dedicated Canadian website focused on portable measuring 
equipment calibrations. Please visit https://EastCoastMetrology.ca to learn more. 

“We are very proud to announce this collaboration with ECM. Together we have e�ectively eliminated a large 
source of lost time and resources for our current and future Canadian customers. We are excited to be o�ering 
our customers certified laser tracker, laser scanner and portable arm calibrations in Canada. We also look 
forward to future collaborations aimed at improving our customers’ e�iciencies,” Paolo Miele, president - 
Precitech Metrology.

For more information, visit www.Eastcoastmetrology.ca.

ECM Announces Expansion Into Canada 

AMT – The Association For Manufacturing Technology, and NCATC, the National Coalition of Advanced 
Technology Centers, announced that Greg Jones, vice president, Smartforce Development, AMT, was elected to 
the NCATC board of directors to occupy one of two Strategic Partner seats on the board for a term of two years 
beginning July 1, 2021.

“I am honored to join the NCATC board of directors,” said Jones. “AMT has been a Strategic Partner of NCATC for 
about a decade, and I have worked closely with Craig McAtee, CEO and executive director at NCATC, and its 
members as part of AMT’s strategy in solving the skills gap that exists in U.S. manufacturing. NCATC member 
schools and all of the NCATC Strategic Partners are pivotal to advancing technology in school programs as well as 
diversity and inclusion in career and technical education.” 

As a leader in the manufacturing technology community, AMT focuses on supporting manufacturers with vital 
information on technological developments, especially in emerging, transformational technologies, advocating 
for a next-generation Smartforce, and building dynamic, data-based ecosystems that nurture new manufacturing 
process innovations. By addressing these areas, AMT maximizes the development of our members as they adapt 
to new paradigms and business models and contributes to the overall growth of the manufacturing technology 
industry.

At AMT, Jones leads Smartforce Development, AMT’s e�ort to build a better-educated and trained workforce for 
the advanced manufacturing industry. To accomplish this, he forges relationships with industry, education, and 
governmental organizations to develop and promote workforce programs. Jones is also a member of the 
executive committee of the board of directors of the National Institute for Metalworking Skills (NIMS) and a board 
member of The American Precision Museum in Windsor, Vermont. In 2001, Jones was also part of the executive 
team that launched ToolingU, the manufacturing industry’s leading e-learning platform, which is now owned by 
SME. Jones volunteers as a judge for the national SkillsUSA Championships for CNC machining, where AMT is a 
Manufacturing Career Cluster sponsor.

“Greg Jones has it all – subject matter expertise, true collaboration mentality, ego checked at the door, and 
genuine passion for lifelong learning (K to Gray) – especially in the advanced technology and manufacturing 
space. I personally have had the honor and pleasure of working with Greg on many CTE and workforce 
development initiatives over the past two decades, from his start-up leadership at ToolingU in Cleveland to his 
present role as vice president of Smartforce Development at AMT – The Association for Manufacturing 
Technology as a key Strategic Partner with our organization since 2010. We are ecstatic that Greg has been 
elected to serve a two-year term on the NCATC board of directors beginning on July 01, 2021,” said Craig McAtee, 
CEO and executive director, NCATC.

For more information, visit www.amtonline.com.

AMT Exec Appointed to NCATC Board of Directors 

Creaform announced that it became an o�icial partner of BBi Autosport for the 2021 Pikes Peak International Hill 
Climb (PPIHC) that will take place on June 27, 2021, in Colorado, USA. BBi, specialized in performance 
a�ermarket and safety upgrades for all Porsche platforms as well as engineering services, decided to leverage 
the power of Creaform’s hardware and so�ware 3D solutions, which proved to be instrumental in meeting the 
short deadlines that the team was facing, prior to the race. 

Known as the “Race to the Clouds” and one of the most reputed and arduous car racing events in the world, 
PPIHC is one of the hardest events to prepare for, given the unpredictable and brutal nature of the environment. 
As BBi needed to work quickly on their impressive and updated aerodynamics within three racing classes, they 
were looking for a way to rapidly and e�iciently acquire 3D measurements to collect accurate data about the 
performance and reliability of many diverse race-car components. They also wanted to reduce their reliance on 
third-party service providers by getting a fast and versatile solution to generate scan data immediately workable 
to create new parts.

BBi Autosport decided to gain 3D scanning independence by acquiring Creaform’s Go!SCAN SPARK, the fastest 
metrology-grade 3D scanner that can be used throughout an entire PLM workflow. Matched with Creaform’s 
VXelements 3D so�ware platform and application suite, it quickly measured all types of complex geometries and 
surfaces—all while getting the highly accurate measurements right the first time around. Able to scan wherever 
and whenever they wanted, the R&D team saved valuable development time and were able to roll out the 
necessary parts as fast as they needed them.

According to Dmitriy Orlov, COO at BBi Autosport, “Creaform has created a powerful package that not only 
gathers highly accurate data with unprecedented freedom and ease but also o�ers a robust so�ware package 
that handles and processes that data for easy integration into almost any CAD design workflow.” He continued by 
adding that, “3D scanning is a crucial element to help us in design and validation. In general, 3D scanning means 
we can do more in virtual, saving time on cutting things up, saving on mistakes and accelerating the creation of 
needed parts.”

For more information, visit www.creaform3d.com.

BBi Autosport Partners with Creaform for 99th Pikes Peak 
International Hill Climb  

The U.S. Department of Commerce’s National Institute of Standards and Technology (NIST) announced a new 
competition for awards to support industry-driven consortia in developing technology roadmaps that will 
address high-priority research challenges to grow the advanced manufacturing sector in the U.S.

NIST’s Manufacturing USA Technology Roadmaps (MfgTech) program anticipates awarding up to eight awards 
with a period of performance of up to 18 months each, with individual awards of up to $300,000 and no cost-
share requirement. The competition is open to all nonfederal U.S. entities, including accredited institutions of 
higher education; nonprofit organizations; for-profit organizations incorporated in the U.S. (including U.S. 
territories); and state, local, territorial and tribal governments. 

Technology roadmaps are proven, strategic tools to identify barriers and related development steps to achieve 
grand challenges. Prior roadmap activities have been instrumental in establishing productive consortia and 
initiatives, including foundational planning for future Manufacturing USA institutes. Benefits of technology 
roadmaps include:

Addressing major technological barriers that inhibit the growth of advanced manufacturing in the U.S. 
that no single organization could tackle on its own;

Identifying and prioritizing research projects supporting long-term industrial research needs including 
but not limited to those identified in the Strategy for American Leadership in Advanced Manufacturing; 

Creating new or updating broadly available industry-driven, shared-vision technology roadmaps to 
support strategic and long-range planning; and

Catalyzing development and supporting the maintenance of a technology infrastructure and American 
excellence in advanced manufacturing, including identifying technology areas appropriate for potential 
new Manufacturing USA institutes.

“The Manufacturing USA institutes have demonstrated that consortia can play a key role in developing and 
transitioning new manufacturing technologies critical to America’s future competitiveness,” said Mike Molnar, 
director of NIST’s O�ice of Advanced Manufacturing. “These roadmaps can help ensure that we have a clear 
vision of what challenges are before us to ensure U.S. manufacturing is competitive.”

Organizations that submit MfgTech proposals are encouraged to develop partnerships across an industry 
ecosystem to bring together expertise in facilities, supply chain, or specialized goods and services to produce a 
valuable roadmap that takes all of these elements into consideration.

Proposals are due by Aug. 16, 2021. Details about the competition, including eligibility, selection criteria, legal 
requirements and the mechanism for submitting proposals are found in the Notice of Federal Funding 
Opportunity posted at Grants.gov under funding opportunity number 2021-NIST-MfgTech-01.

NIST will host a webinar on June 25 at 2 p.m. EST to share more information on the program and preparing 
proposals. For more about webinar details, including how to register, visit 
https://www.nist.gov/oam/manufacturing-usa-technology-roadmap-mfgtech-program.

The Manufacturing USA institutes and their sponsors — the U.S. Departments of Commerce, Defense or Energy — 
connect more than 2,000 organizations across hundreds of major projects to quickly move technology from 
laboratory prototypes to industrial capabilities and provide thousands of people with advanced manufacturing 
knowledge and skills. For more information, visit www.ManufacturingUSA.com or www.NIST.gov.

NIST Launches New 
Manufacturing USA Technology 
Roadmap Grant Competition 

U.S. Manufacturing Technology Orders totaled $404.6 million in April 2021, a decline of 12% from March 2021 but 
an increase of 72% from April 2020, according to the latest U.S. Manufacturing Technology Orders report 
published by AMT – The Association For Manufacturing Technology. Total orders for 2021 reached $1.57 billion 
YTD, an increase of 40% over orders placed in the first four months of 2020. 

“April 2020 had the lowest orders in a decade, but the previous three months were business as usual, so to be 
40% up over the previous year shows the real strength of the industry in 2021,” said Douglas K. Woods, president 
of AMT. “Parts that would normally go to job shops are now being produced in-house by larger manufacturers 
with the means to increase their production capacity. This is not to say production is shi�ing away from job shops; 
they are still operating at near capacity and increasing machine orders month over month, but increased 
consumer demand has necessitated more capacity, and confidence in the sustainability of that demand has 
justified the capital expenditure by large OEMs. As a result, our members have seen a resurgence of multi-
machine orders near 2018 levels. 

“There has been strong demand for metal cutting technologies in 2021, and orders for new forming technologies 
have more than doubled where they were at this point in 2020. Cosmetic automobile design changes drove 
increases in forming technologies and helped spur demand for cutting technologies from the mold and die 
industry. April orders were further strengthened by energy exploration and mining expanding out of Texas into 
nearby regions in response to increased market prices. Industries related to consumer products also increased 
orders in April, such as o�-road vehicle manufacturing, electrical equipment manufacturing, and commercial 
and service industry machinery. 

“Another optimistic sign for the industry is the number of open houses our members report having over the past 
few weeks where attendance has exceeded their expectations. This signals a renewed comfort with in-person 
sales calls and a pickup in regular maintenance as opposed to emergency visits. However, supply constraints 
have meant new orders are being added to an already growing backlog. The demand for manufacturing 
technology is there, and the suppliers who can deliver on orders will be in a position to one-up their competition 
in the near term.”

For more information, visit www.amtonline.org.

US Manufacturing Technology Orders Up 72% Year-Over-Year

The U.S. Department of Energy (DOE) announced the latest cohorts in its Lab-Embedded Entrepreneurship 
Program (LEEP). The 22 selected innovators will join an extensive network of mentors and experts at U.S. 
national laboratories to develop the next-generation technologies that will help pave the way to a clean-energy 
future.

The program is a two-year fellowship that places some of the nation’s brightest scientists and engineers with 
national laboratories. During the fellowship, they will perform critical research and development that will 
ultimately bring their technologies from lab to market. The program also helps these innovators develop their 
entrepreneurial acumen, preparing them to launch successful energy and manufacturing businesses.

“The Lab-Embedded Entrepreneurship Program helps promising scientists and engineers overcome what can 
o�en be their most di�icult challenge in clean-energy innovation: moving their technologies out of the lab and 
into the marketplace,” said Acting Assistant Secretary for Energy E�iciency and Renewable Energy Kelly 
Speakes-Backman. “We are eager to support these entrepreneurs through this mentorship program, which will 
help to bring new technologies to market, and accelerate the decarbonization of our economy, and launch new 
careers in clean energy.”

This year’s selected innovators will focus on developing technologies to increase energy and material e�iciency 
in U.S. manufacturing, which in turn will help decarbonize the industrial sector. The cohorts will participate in the 
following DOE programs:

Chain Reaction Innovations at Argonne National Laboratory in Lemont, Illinois: The Chain Reaction 
Innovations program’s latest cohort includes five innovators working on technologies in 
decarbonization, water treatment, lightweight composites, and additive manufacturing. 

Cyclotron Road at Lawrence Berkeley National Laboratory in Berkeley, California: The Cyclotron Road 
program’s cohort will include 11 innovators working on technologies in additive manufacturing, energy 
storage, and plastics. 

Innovation Crossroads at Oak Ridge National Laboratory in Oak Ridge, Tennessee: The Innovation 
Crossroads program’s cohort will include six innovators working on hydrogen storage, batteries, water 
treatment, building material, cybersecurity, and additive manufacturing. 

The LEEP is primarily funded by EERE’s Advanced Manufacturing O�ice (AMO). The Building Technologies O�ice 
within DOE, along with Defense Advanced Research Projects Agency, Tennessee Valley Authority, and several 
philanthropic organizations will also fund innovators this year.

Since the program’s inception in 2015, AMO has awarded more than $40 million to innovators running 79 start-
ups. As of May 2021, program participants have gone on to attract nearly $320 million in additional federal 
funding and follow-on private funding from philanthropy, angel investors, venture capital, and strategic 
investors.

For more information, visit https://www.energy.gov/eere/amo/lab-embedded-entrepreneurship-program.

Twenty-Two Innovators Selected for DoE’s Lab-Embedded 
Entrepreneurship Program 
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FACE OF QUALITY  |    JIM L. SMITH

THE PATH TO SUCCESS MAY NOT BE LINEAR.

The Career Path 
The path to upward mobility has changed over the past few years. For decades, the way to ‘climb the ladder’ 
happened in a few ways. Obviously being born into a family-owned business established a surefire guarantee. 
Other paths were a college degree, marriage, or hard work and promotions. 

Our mental models for how we comprehend the world of business matter. They shape how we think and what is 
possible. However, what many believe is a fundamental core to building successful organizations has been 
evaporating over the last couple decades. The vertical corporate ladder is becoming an artifact, as the world and 
how we work continues to evolve.

Recently I obtained a book, “The Corporate Lattice: Achieving High Performance in the Changing World of Work,” 
by Cathy Benko and Molly Anderson. Benko and Anderson outlined the changing world of work and introduced 
what they called the corporate lattice which, even a few years ago, was becoming the new corporate ladder.

Unlike the linear ladder, the multi-dimensional lattice is more adaptive and, as such, seems to be a better fit with 
the changing workplace. The lattice replaces the vertical, one-directional model with one that can be described 
as a “zig zag” or multi-directional career path. The lattice engenders the flow of ideas along horizontal, vertical, 
and diagonal paths, which enables more collaborative ways to structure work, build careers, and foster 
participation. 

The workplace is not what it used to be. Organizations are 
flatter and leaner. The current workforce is more diverse than 
ever. Also, technological advances and economic trends mean 
work can be and is increasingly virtual, globally dispersed, and 
team based. 

The vertical
corporate ladder is

becoming an artifact.

While technology is a critical enabler, management practices, diversity, and culture are equally important. The 
enlightened (lattice) organizations support rewarding professional experiences, providing better career-life fit for 
employees, and results in greater agility. During my career I had the advantage of working for a company who 
provided such opportunities, so I had the chance to see this process work. The concept applies in multiple ways:

1. Building careers. Keeping pace with the rapid rate of change and the skills needed to succeed requires 
agility, and continual focus on growth. Flatter organizations provide fewer options for developing 
people “up” the ladder to ensure they are capable of replacing outgoing sta�. Lattice organizations 
broaden career paths multi-directionally, enhancing development opportunities and flexibility. This 
helps employees keep their skills relevant in a fast-changing marketplace – a key to job security – and 
provides expanded career options. 

2. Performing work. Technology is enabling new possibilities. Work is transforming from a place where 
we go, to something we do in a dynamic, increasingly virtual workplace. Modular job and process 
designs, globalization, virtualization, and team-based project work, among other workplace changes, 
leverage technologies in innovative ways. The benefit of virtual work include employee retention, 
shorter cycle times, improved business continuity, and, likely, a “greener” environment. 

3. Participation. Lattice organizations, unfettered from a top-down hierarchy, tend to function as 
networks. They openly and freely share information, create communities, and provide more 
collaborative and meaningful options for employees to contribute -- regardless of their organizational 
level. These new ways of fostering participation address the rise of non-routine and project-based work, 
which require greater collaboration. Lattice organizations find ways of working across the invisible 
borders of geography, hierarchy, and function. 

The shi� from the vertical ladder to the lattice has been underway for some time. With the flattening of 
organizations, opportunities are not as plentiful for people to keep moving upward. Companies are utilizing 
opportunities for people to move across the organization. While it may not necessarily be immediately financially 
rewarding, employees, and not just those viewed as high potential, gain experience and position themselves to 
move up when the opportunity presents itself. 

There seems to be a clear upside in embracing this transformation and moving beyond the older linear 
approaches. It is happening in many industries despite resistance. 

We need to start thinking “zig zag,” not straight up. Organizations need to understand the benefits. It can improve 
productivity, e�iciency, and innovation. It can build careers, and develop, retain, and engage appropriate talent.

For employees it provides the opportunity to build their resumes and broaden their base. Taking sideways (“zig 
zag”) positions provides opportunities to learn other parts of the business and opens doors which may not have 
been available otherwise. The path to success is not always on a straight line.

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

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

INDEPENDENT CALIBRATION FACILITIES ARE FAMILIAR WITH THE 
SYMPTOMS COMMON TO THIS AFFLICTION. 

OD Panic!
It’s not what you’re thinking. It stands for ‘overdue’ and nothing puts quality people into panic mode faster than 
the realization they’ve got some items in their system that are overdue for calibration and, of course, a quality 
audit is happening within a day or so.

Independent calibration facilities are familiar with the symptoms common to this a�liction. 

Customers appear at the door clutching the errant items requesting immediate calibration of them, preferably 
while they wait. Lengthy discussions ensue as lab personnel explain that it’s not necessarily a scheduling 
problem so o�ering a premium for same-day service is a nice gesture but of no consequence. Explaining the 
metrology involved, especially when gage blocks are on the panic list, goes nowhere nor does following 
accredited procedures and all the other aspects of lab operations. Like many emergency situations, when the 
patient is screaming, they’re not listening. Calm them down and hopefully this column will remove the panic.

When an instrument or gage was in use while overdue for calibration 
does not mean that all work that has passed through them is wrong, 
only that it is suspect. Like in law, being a suspect does not prove 
guilt. Your job now is to prove whether or not such suspicion is valid 
and you do this by getting the equipment calibrated and then 
reviewing the results. If the calibration reports indicate that the 
equipment is within your operating requirements, you have shown 
that the suspicions surrounding the results from its use are 
unfounded.

When an instrument or gage

was in use while overdue for

calibration does not mean

that all work that has passed

through them is wrong, only

that it is suspect.

If the results from calibration indicate the equipment does not meet your requirements, and there has not been 
any interim monitoring or spot check of it since it was calibrated a year ago, you’ve got a potential year’s worth of 
results that are now suspect. Your SPC results over the period may indicate that the parts were OK but a 
significant change occurred at one point, which gives you a place to start a physical investigation. If you are able 
to retrieve unused samples over time from the period and the newly calibrated equipment declares them to be 
OK, you may be o� the hook for a more intensive review or full product recall. Conversely, given such samples, it 
could turn out that everything was fine until the last month of the period whose samples were rejected by the 
equipment. Not a great outcome, but it’s a lot better than having to deal with a years’ worth of production. It 
could be that while your equipment didn’t meet the tolerances you require, other factors caused the parts to fail.

In either case, your quality auditor will want to see some corrective action being taken to prevent this from 
happening again. Remember, they live on an elevated level of existence compared to us lowly creatures so they 
have zero tolerance for errors not of their making.  But there is a way to satisfy their needs without breaking your 
bank account.

Your SPC system tells you the ongoing state of your process but not necessarily the state of the measuring 
equipment you are using unless it goes way o� the rails. Monitoring your equipment is a cheap and cheerful way 
to do this. If your production parts had a couple of diameters you are checking on an ongoing basis using a dial 
indicator on a comparator stand, you could have a couple of cylindrical masters, i.e. plug gages of known size 
somewhere close to what the parts have to be. Your operator checks them with the same equipment two or three 
times during a shi� with the instructions that if they vary in readings by more than a specified amount, he or she 
hits the panic button.

This ongoing check does not calibrate the equipment of course, it merely shows when there is a change in 
performance that management should be looking at. The best part of this system is that, usually, such changes 
occur before scrap parts are passed which is the goal we all seek.         

 Now, if this doesn’t cure your panic mode, the following medical advice applies: Take two aspirin and call me in 
the morning.

Opening Background Image Source: Zheka-Boss / iStock / Getty Images Plus via Getty Images.
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SPEAKING OF QUALITY  |   NAVIN S. DEDHIA  

QUALITY 4.0 DOES NOT FOCUS EXCLUSIVELY ON THE TECHNOLOGY, 
BUT RATHER ON THE IMPROVEMENT IN CULTURE, COLLABORATION, 
COMPETENCIES, AND TRAINING.

Quality Inspector in Quality 4.0   

Industry 4.0 and resulting Quality 4.0 are driven by the exponential growth of disruptive technologies and the 
changes these technologies are bringing to the workplace. Quality 4.0 connects the inspector to machines and 
machines to data. Inspectors who have an attitude of never stop learning will gladly embrace the change.  

The fourth industrial revolution is the move towards digitization including automation, robotics, and artificial 
intelligence. Quality 4.0 is not a trend, but a reminder that performance excellence depends on how well 
technology is being adapted, changed, and transformed. 

Inspector Role
The inspector is the person perhaps most integrally involved with day-to-day activities intended to ensure 
products and services meet customer expectations. The inspector identifies defects, finds deviations from set 
specifications, evaluates hardware documentation, performs laboratory procedures, inspects products, 
measures process performance, records data and prepares reports. 

The inspector’s role is viewed as an advocate, partner, 
collaborator, contributor, counselor, standard enforcer, 
objective auditor, watchdog, data collector, data analyst, and 
team member. However, some view the inspector role 
negatively as adversarial, a rubber stamper, informer, nitpicker, 
whimsical critic, spy and fortune teller.

The emergence of smart
factories has placed a high
demand for quali�ed and

skilled inspectors.

Inspectors are individuals who 

Are professionals in their own right

Have chosen their field of specialty 

Know their strengths and limitations

Have visible standards of excellence 

Have a never-ending desire to learn

Are teachers, mentors and coaches

Know their own worth and value

Use SWOT (Strength, Weakness, Opportunity & Threat) tool

Are prevention oriented

Always promote teamwork

Inspection includes activities such as measuring, examining, observing, testing, evaluating one or more 
characteristics of a product or service or comparing with specified requirements to determine status (audit). 

Quality Inspector Skills
ASQ Inspection Division supports ASQ Certified Quality Inspector (CQI) and ASQ Certified Quality Technician 
(CQT) certification examination. The Inspection Division sets examination requirements, and test questions and 
evaluation criteria. From time to time, the division addresses changes in the Body of Knowledge requirements.  

ASQ Certified Quality Inspector – CQI certification is meant to evaluate inspector knowledge and skills. The 
inspector is required to be proficient in the following subjects, called Body of Knowledge, which are:

1. Technical mathematics - Requiring broad overview of technical mathematics in making the report

2. Metrology - Capable of identifying, selecting, and using the right metrology gages and instruments

3. Inspection and Tests - Application of inspection processes using GD&T and traceability, as well as 
implementing testing methods

4. Quality Assurance - Optimize quality techniques using basic statistics

5. Audits - Knowledge of comprehensive overview of quality audits, quality tools/techniques, and 
problem-solving 

The ideal candidate should possess an in-depth knowledge of applicable quality standards. The inspector is 
required to understand and apply a variety of tools, techniques and methodologies when inspecting the product 
and thinking to improve the operation.

Quality 4.0 Industry Skills 
The emergence of smart factories has placed a high demand for qualified and skilled inspectors. Inspectors 
should have general knowledge and application of developing technologies such as artificial intelligence and 
machine learning, big data, cloud computing, augmented and virtual reality, new materials, 3D printing, and the 
Internet of Things (IoT). 

Inspectors must be capable of analyzing large amount of data to be able to predict possible failures and adapt to 
conditions in real time. Additionally, creativity, flexibility, analytical thinking, knowledge of spreadsheets (Excel), 
basic statistical knowledge, problem solving ability, and willingness to learn new things will be an asset.

In times past, inspection was at the end of a process. In quality 4.0 industry, inspection is built into the process. 
Inspection is in the line and a part of the process. The result is error detection at an early point.

Future quality inspectors will have to acquire skills to monitor, control, improve and manage vast amount of 
data. Quality inspectors must understand and acquire knowledge of:

Automated tools, systems, process and new materials

Research & Development to understand future processes and products

Engineering, operations using smart tools

Internal and external customer and their requirements

Applicable quality standards 

Benefits of automation and robotics 

Capability to program and manage the technology.

It will be beneficial to acquire knowledge of noncontact inspection methods, X-ray technology, contactless 
dimensional inspection measuring instruments, coordinate measuring machines (CMMs) and computer-aided 
inspection in smart factories.

Inspectors are the greatest assets. Social, political, economic, and technical forces shape the future of inspectors. 
Pushing technology because it is the latest fad or to beat competition instead of pulling technology based on the 
opportunity may not give enough time or training for inspectors. Undefined digital strategy will create confusion. 
When leadership is not supportive, inspectors must live with outdated systems and infrastructure along with 
fragmented quality data.

In industry 4.0, inspectors can monitor processes and collect data in real-time and apply analytics to predict 
quality issues and maintenance needs. Inspectors can improve quality in various ways in factories using digital 
technologies that are accompanied by smarter practices and procedures. 

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

Navin S. Dedhia (San Jose, CA), past chair of the Inspection Division and ASQ Fellow, is a member of the 
Inspection Division Leadership Team and editor of the Inspection Division Newsletter. He is also Quality’s 2021 
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QUALITY 101

QUALITY CERTIFICATION IS FOR PROFESSIONALS WHO KNOW THE CHOSEN 
SPECIALTY SO WELL THAT THEY CAN APPLY THE KNOWLEDGE WITH KNOWN RESULTS. 

By Navin S. Dedhia

It is a moment of pride when getting a university degree, driver’s license, or quality certificate. No other 
profession has seen as many changes as the quality profession. The quality profession grew into many di�erent 
disciplines of quality, and the need to recognize the skill came in the 1960s. As a result, quality certification 
activities started in the late ‘60s became the main thrust of the profession. Over the years quality certification 
activities grew into many other aspects of quality. Certification background, the process, and benefits are 
described here.

Quality Certi�cation Background
In the 1960s quality certification activities expanded into many other quality disciplines such as quality engineer, 
reliability engineer, quality auditor, etc. Auditor and lead auditor certifications came into existence with the 
introduction of the quality standards by the ISO organization. 

Certification proves attainment of a certain level of knowledge for a specific job. Employers can hire certified 
professionals with confidence. The certification process is an independently verified and prescribed body of 
knowledge as defined through a combination of education, experience, and examination. Certification is not a 
license. It is peer recognition of proficiency with a prescribed body of knowledge. 

Quality certification is for professionals who know the chosen specialty so well that they can apply the 
knowledge with known results. The professional knows their own strengths, and the limitation of the specialty. 
The professional will never turn down an opportunity to further extend the boundaries of knowledge. That 
knowledge comes with certification. Hence, quality professionals prefer to be certified in the specific discipline.

Certification demonstrates proficiency and understanding of the body of knowledge. It shows a mark of technical 
excellence. Certification may help in landing a job and increases credibility with customers.

Quality certification is not a license. Certification is obtained from a professional society, whereas license is a 
legal document obtained from a government authorized administration.

Quality Certi�cation Process
The quality certification process can be complicated as the quality discipline covers many areas such as quality 
assurance, quality management, quality engineering, reliability engineering, measurement technology, process 
and product inspection, metrology and calibration, and supplier quality. The quality discipline could be subject 
related for reliability, measurement, or statistics, or position related such as automotive engineer, aerospace 
engineer, or metrology engineer.

Team of SMEs (subject matter experts) identify knowledge and tasks required in a variety of industries. Based on 
industry surveys SMEs identify content to be included in the Body of Knowledge (BoK). SMEs make sure that 
defined and determined BoK is applicable in industry and all situations. The BoK is extremely broad for 
certification because it is based on an extensive analysis of a wide sample of representative jobs. A�er SMEs agree 
on the BoK, question objectives are developed. From the question objectives multiple-choice questions and 
answers are developed, which are agreed upon by team members. Answers are confirmed with reference books.

The questions are designed to allow the test-taker to demonstrate ability to apply knowledge to a particular 
situation. All questions and answers are verified by independent SMEs. Ambiguous questions and answers are 
removed. Enough questions are generated for the bank, so no question is repeated for the next few examinations. 
The number of questions from each subtopic, passing score and criteria are determined by a team. A list of 
reference material (books, available notes, papers, presentations, etc.) is compiled and made available to the 
examinee for self-study. 

A pilot test is given to members to make sure a fair test can be conducted. Examination questions are confirmed 
to cover the full body of knowledge related to product, process, emerging technology, economy, and particular 
situations. 

BoK is reviewed and revised at certain intervals to determine suitability and adequacy. If warranted, information 
related to new tools, methods and technology is added to the BoK. A�er the revision and updates of BoK, new 
questions are added and outdated ones are discarded. Security of the exam and exam bank gets top priority.

Certification adds value to the certificate holder
and in turn the certificate holder can add value to
the employer with the acquired knowledge.

Quality Certi�cation Exam
Quality certification process includes passing a multiple choice examination. Each multiple-choice question has 
only one correct answer. The examination covers questions related to the technical side as well as so� skills such 
as personality, behavior, verbal, and communication style. 

Prior to your examination, study reference books. Attend training classes. Proper understanding of principles and 
application will help. During the multiple-choice exam, do not dwell on one question for long. Mark the question 
and come back at the end. In the multiple-choice examination, first delete obviously wrong answers and then 
select the best answer applicable to the question. Do not spend time finding the answer in the reference book. 
Examination results are announced and made public. Successful candidates receives a certificate. Feedback from 
the test takers is important to improve the examination. Certified individuals get recognized and rewarded 
appropriately. 

The certification examination is a method of establishing the quality practitioner’s understanding of the 
principles of product quality evaluation and control. 

Body Of Knowledge (BoK)
Generally, BoK for quality certification may include the following topics and related subtopics:

1. General quality management principles and application

2. Elements of quality system

3. Technical aspects of products and processes

4. Statistical process control

5. Continuous improvement, corrective and preventive actions

6. Data collection and analysis methods

7. Risk management

8. Quality 4.0 application, tools and methods, automation and robotics

9. Education and training

Recerti�cation
Quality certification is a professional status certificate. Unlike a university degree, quality certification is not 
awarded for life. In order to stay current with technology, tools, methods and avoid knowledge obsolescence, a 
quality certificate has to be recertified by submitting evidences of ongoing continuing education in the form of 1) 
Education and new training taken, 2) Teaching, 3) Paper publication and presentation, 4) Active involvement in 
professional society’s management roles, and 5) Actively engaged in employment.

Auditor certification or lead auditor certification is not the same as quality certification. Auditor or lead auditor 
certification is obtained from standards accredited registrar bodies.

Bene�ts Of Quality Certi�cation
Certification is a value creation activity for an individual as well as for the employer. It adds value to the certificate 
holder and in turn the certificate holder can add value to the employer with the acquired knowledge. 

Knowing how to drive is necessary when living in an urban area. Similarly, quality certification becomes essential 
in an automated digital environment. A certified person can make substantial contributions to the development 
of quality culture everywhere.

According to the taxonomy developed by Dr. Benjamin Bloom, benefits of certification can be classified as 
follows:

1. Knowledge: Knowledge is gained with the quality certification as one is required to study the material to
prepare for the exam. Basic knowledge gained can lead to the next step in career advancement.
Su�icient knowledge is acquired during studying that helps advance technology for the benefit of
industry.

2. Comprehension: when studying new subjects, information is understood and confusion eliminated. It
will be easy to find a solution when learning has been absorbed thoroughly.

3. Application: It increases ability to apply new material, new methods, and new tools into business
environment. It becomes easier to solve complex problems using learned methods, concepts and tools
in a di�icult situation. Mastery is achieved a�er the knowledge and understanding have been put into
practice.

4. Analysis: Data can be organized into easy-to-understand carts and tables. With the analyzed data it
becomes easier to observe trends and maverick situations. Future prediction becomes easy.

5. Synthesis: Solution is found from the analyzed data to improve the situation. Improvement is achieved
with appropriate corrective and preventive actions.

6. Evaluation: Learning becomes obvious from this step. Reevaluate the plan for improvements and
breakthrough actions. The certified professional has a great opportunity to become a mentor to those
entering the profession, and can take a proactive approach in keeping up with technology and new
methods and tools. With certification, there is the potential for a higher salary. A certified individual is
able to perfect the process and share new techniques and emerging technologies in the workplace.

Summary
A�er university graduation, the next step for learning and advancement is quality certification. The role played by 
the quality professional in the twenty-first century is quite di�erent from the twentieth century. The quality 
profession requires systems thinking and a strategic approach. The quality professional now requires knowledge 
of psychology, so�ware and teamwork. 

The future will require knowledgeable quality certificate holders. Personally, I cannot emphasize the importance 
of quality certification enough. Quality certification is an important qualification to add credibility to the 
individual.
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MEASUREMENT

Calibrate Better
SMART MANUFACTURERS KNOW THE IMPORTANCE OF CALIBRATION.   

By Michelle Bangert

Hill Cox, a longtime columnist for Quality as well as 
president of Frank Cox Metrology Limited, has seen his 
share of calibration disputes in the sixty-plus years he’s 
been in this business. 

“Readers write to me for advice, and you can tell by the 
letter it’s an internal problem at the company with one guy 
fighting the other guy,” says Cox. “I try to delicately point 
out where the errors are and hope all’s sweetness and light 
by the end of it all. It comes back to the people doing the 
job have to know what they are doing, and what factors 
a�ect what they are doing.”  

How To Improve Your Calibration Process
William (B.J.) Hangartner,  president of Quality 
Calibration Service Inc., explains how to cut down 
on calibration costs, the impact of the pandemic on 
calibration, and why companies need to stop losing 
gages.
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Temperature is one factor to consider. The standard rules of metrology are important, Cox says. For example, if 
you aren’t using the ratchet stop on a micrometer you could have a repeatability problem, he says. “If you go 
someplace like NIST they take all those factors into account, doing it 100% the correct way,” Cox says. “Other 
people take shortcuts.”

While some calibration challenges are ever-present, calibration—as with so many things this past year—has 
changed because of the pandemic. Manufacturers may have extended their calibration cycles for gages that were 
not being used, or put o� calibration.

While 2020 may have been a slow year in calibration, things are picking back up now due to pent-up demand. And 
this looks set to continue for the rest of 2021 as manufacturers around the world get back on track. Cox says, “It’s 
going to be interesting to see how everybody reacts when loading up the factories again.”

As the world gets going, it’s a good time to consider some trends in calibration. 

Calibration De�ned
Let’s review exactly what calibration is. According to NIST, “Calibration is a measurement process that assigns 
values to the property of an artifact or to the response of an instrument relative to reference standards or to a 
designated measurement process. The purpose of calibration is to eliminate or reduce bias in the user’s 
measurement system relative to the reference base. The calibration procedure compares an “unknown” or test 
item(s) or instrument with reference standards according to a specific algorithm.” (NIST/SEMATECH e-Handbook 
of Statistical Methods, http://www.itl.nist.gov/div898/handbook)

The importance of calibration cannot be overstated. As Jay L. Bucher writes in “The Quality Calibration 
Handbook,” “A quality calibration system can be the di�erence between life and death, success and failure, and—
most important to shareholders and boards of directors—profit and loss.”

Calibration Issues 
William (B.J.) Hangartner, president of Quality Calibration Service Inc., has seen a lot of trends during his time in 
the industry. To start, there’s “more and more preference for on-site calibrations,” he says. “They prefer not to 
have their gages leave their facility for any length of time.”

As more customers request that all gages get calibrated on site at their facilities, this may require special 
equipment as well as a dedicated space in their factory. 

In addition, customers are continuously asking how they can reduce calibration costs, Hangartner says. His 
answer depends on each customer’s circumstances. He might look at how frequently they are calibrating as well 
as what they are calibrating. “They really have to analyze what is important and what parameters need to be met 
for their specific needs,” Hangartner says. 

Companies may think their gages automatically need to be calibrated at a certain interval, but that is not the 
case. 

“Intervals really truly should be determined based on historical data collected as to the e�ect on the amount of 
usage, wear, and how the gages are actually handled, which a�ects all that,” Hangartner says. “This in turn can 
reduce unnecessary calibration costs through overcalibrating. On the other side of the fence, potential scrap may 
be reduced because it may not have been detected because out of tolerance gages may have been utilized due to 
incorrectly extended calibration cycles. There’s kind of two sides that they really have to monitor and evaluate.”

One piece of advice may seem 
common sense but is still worth 
saying: stop losing gages. While 
this may seem like common 
sense, it is a common problem.

Calibration Process
Hangartner explains how the calibration process would work with a new customer. He o�ers these common 
questions:

First, what they are doing now? Internal calibration or outsourcing? 

Then, look at a gage list of what they are using and what type of gage management so�ware. Do they have a tool 
crib? Do they have a lab? Are they sharing gages across the facility?

Finally, what are they looking to improve upon? How involved do they want to be in the process? 

Calibration Advice 
One piece of advice may seem common sense but is still worth saying: stop losing gages.

While this may seem like common sense, it is a common problem, Hangartner notes. This is one straightforward 
way for companies to avoid added costs. Tracking gages within a facility may be di�icult for large manufacturers, 
but losing gages within a facility happens surprisingly o�en. 

Along those lines, Hangartner suggests that companies aim to hold end users accountable for the equipment. 
This means operators should be educated on how to properly use the gages, thus ensuring they aren’t 
inadvertently mishandled or mistreated. 

Another area requiring customer education is how calibration decisions should be made. The answer is that 
customers really must decide things for themselves. 

As Cox says, “We’re asked to make decisions as a calibration source ourselves that we shouldn’t be making.” 

Cox, who was trained by companies that make gages and instruments by working on the shop floor during their 
manufacture and in their calibration labs in the U.S., UK and Europe, says there are a range of misconceptions 
about calibration, starting with the selection of the equipment. Companies may be selecting equipment that is 
overly precise for what they need, he says. 

“It all comes back to not having enough information or knowledge,” Cox says. For example, performance varies 
depending on the person using it, measurement uncertainty may not be taken into account, and the decision 
making process is compromised. 

Cox notes that companies may purchase an instrument based on the number of zeroes a�er the decimal point. 
While this is a worthy pursuit, it’s important to remember that this only tells you so much.

Even if the gages is extremely accurate in lab, “in a typical manufacturing environment all bets are o�,” Cox says. 
In addition, “If people don’t understand the ins and outs of the hardware, they are going to be hard pressed to 
calibrate or evaluate it properly,” Cox says. “People put arbitrary intervals. One year is typical but maybe they 
could get away with two or three year cycles.” 

On the other hand, if a device is used on the shop floor instead of a lab, it should be much shorter, Cox says. “A lot 
of it is a judgment call based on experience. If they reviewed the reports and saw we’re calibrating this every 
three years and it hasn’t changed, it’s still with limits, we could make it every four years.” 

And, Cox says, a quality auditor couldn’t fault them for this because they have the facts underlying their decision. 

The customer or end user should determine their cycles, which makes sense, Cox notes, because they know how 
much use the equipment will be getting. Perhaps there is a large order coming up, so they may calibrate the 
device before that production run starts so they know the instrument is good. This also prevents labs from 
preying on customers for more business, for example, by suggesting shorter cycles than may be necessary.  “Labs 
could say every six months instead of six years,” Cox says. 

Final Thoughts On Calibration 
Cox o�ers a few more guidelines for manufacturers to keep in mind. 

“Too o�en products are engineered and the tolerances on them are such that an extra digit is included to ensure 
the tolerance they really need is met,” Cox says. “This detail goes down the food chain to the gage maker who 
ends up having to provide a gage or instrument that is more precise than it need be which in turn means the 
calibration laboratory ends up trying to beat the laws of physics to calibrate them. In some cases the actual 
product itself has tolerances on it that a gage maker would be hard pressed to meet.”

“Coordinate measuring machines (CMMs) are o�en pressed into service as calibration devices for a level of 
precision they are incapable obtaining,” Cox says. “Nothing wrong with the CMM, they’re just made to measure 
parts not gages and they are designed with that in mind.  Yes, they may be able to give repeatable readings of size 
on a gage, but the level of precision o�ered is not suitable.” 
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TEST & INSPECTION

How the Pandemic and Quality 4.0 are Changing

Testing and Inspection
TO DISCUSS TRENDS IN TESTING AND INSPECTION, WE MUST FIRST 

DISCUSS THE IMPACT OF COVID-19.
By Genevieve Diesing

Before we address today’s testing trends, let’s look at the impact of the pandemic.

“I believe that COVID-19 pushed everyone in the manufacturing sphere ahead five years in terms of thinking 
outside the box,” says David Francis, president and CEO, Fowler Precision.

The pandemic also created conditions that stressed manufacturers and caused major shi�s in the way 
consumers purchase products, experts say. 

“For example, with the boom in online shopping, consumers are no longer selecting specific items o� the shelf 
with the opportunity to inspect and discard a less appealing or defective item,” says Monique Apter, EVP of sales 
and marketing, Elementary Robotics. “That item selection process, which previously fell to the consumer, is now 
in the hands of manufacturers or distributors, placing even greater emphasis on their quality control.”

Additionally, the global way in which consumers share information through online reviews and social media 
magnifies the impact of quality beyond a local level, Apter says.

As a result, manufacturers are looking for flexible, “smart quality” solutions such as AI-based visual inspections 
to be able to do more inspections, evaluating an increasing number of criteria, that are easy to deploy within a 
small or medium sized business or scalable across an entire enterprise, Apter says.

“Advancements in AI, cloud computing and robust connectivity are providing a framework for innovation and 
enhancements in our field,” she explains. “This innovation removes much of the complexity inherent in earlier 
generations of machine vision systems and ultimately lowers cost, making it easier for companies to adopt.”

Testing and inspection in various stages of manufacturing are increasing in frequency and importance. Much of 
this is due to the increased requirements from the end customers for manufactured parts, says Francis.

“Best-in-class manufacturers continue to drive quality while eliminating waste, scrap and ine�icient processes,” 
says Francis. 

Quality-focused inspection equipment can o�er manufacturers quality data collection solutions. 

“Good, accurate inspection data at multiple points in the manufacturing process enables operators and 
engineers to make use of artificial intelligence and other 4.0 predictive strategies,” Francis adds.

COVID-19 exposed serious gaps in the resiliency of several supply chains and business processes, says Mike 
Baggley, chief customer o�icer, Intelex Technologies ULC. As such, quality will be critical in helping to support 
stronger, more resilient supply chains and providing greater transparency of human-based, undocumented 
processes. This became apparent when many organizations moved to digital workplaces during the pandemic. 

“The pandemic forced manufacturers to re-evaluate many work force topics including working remotely, social 
distance on production lines and automation,” says Apter. “Finding solutions that will allow operations to 
continue in the event of further pandemics is a front and center topic for many manufacturers.”

Some experts predict that more manufacturing will be brought back to the U.S., due to the pandemic’s e�ect on 
the supply chain.

“I believe we are seeing evidence of that already reflected in the growing interest we’ve seen in our AI vision 
systems,” Apter says.

Manufacturers are increasingly concerned with the integrity and resiliency of their supply chains, experts say. It’s 
now possible to import statistical data on suppliers, which enables manufacturers to monitor quality across the 
entire supply chain. 

“They can then share this data with suppliers to ensure quality and continuous improvement,” Baggley says.

Remote auditing is also top of mind for many organizations. 

Manufacturers are
increasingly concerned
with the integrity and
resiliency of their
supply chains.

“Many organizations did remote auditing before the pandemic, but they became particularly important during 
the pandemic when auditors were not able to visit cites in person to conduct audits,” Baggley says. “With more 
organizations now having seen the value of continuing remote audits, a digital quality management system 
(QMS) that can facilitate remote access to the QMS documentation will be critical for all organizations in the 
years to come.”

COVID-19 has illustrated the significance of Quality 4.0 to support resilient manufacturing centers, experts say. 
Automation and IIoT-supported processes have proven essential to creating a supply chain and manufacturing 
approach that are resilient in the face of future crises. 

“COVID-19 has also demonstrated the critical importance of data quality. It’s not enough to have data and 
analytics to provide insight into processes,” Baggley says. “Data quality principles must ensure that the data can 
provide unbiased insights upon which strategies can be built. COVID-19 saw the consequences of poor data 
quality in many areas, from epidemiology to supply chain. Data quality will therefore be the next important step 
in the quality field.”

Finally, many organizations have gained a new appreciation of the concepts of risk during the COVID-19 
pandemic. 

“While risk-based thinking is an important element of ISO 9001:2015, the complexity of risk management has 
sometimes prevented organizations from knowing how to address the threats and opportunities that risk 
presents. Digital management systems that provide data and process transparency will be a critical component 
in understanding how risk operates across the entire organization,” Baggley says.

Advancements in AI, cloud computing and robust connectivity are providing a framework for innovation and 
enhancements in the field, Apter says. This innovation removes much of the complexity inherent in earlier 
generations of machine vision systems and ultimately lowers cost, making it easier for companies to adopt. 

“We see a less rigid adherence to existing rituals in manufacturing, which we believe is a welcome change,” 
Francis says. “From the top down, great manufacturing companies are becoming much more open to taking a 
new approach to their quality control and inspection processes.”

Baggley agrees.

“The quality field is changing to accommodate the reality that quality is not an isolated practice,” he says. 
“Quality principles lie at the heart of every part of the organization. One need only look at the Baldrige 
Framework to see that quality lives everywhere, from health and safety to environmental, social, and governance 
(ESG) strategies.”

The future of the field, Baggley says, is a greater integration with all the areas of the business to improve 
e�iciency and customer delight. 

“This includes quality acting as a support ESG. Organizations looking to improve their ESG reputation would do 
well to recognize the way quality and operational excellence supports these principles,” he says. “Quality 
frameworks like Baldrige have addressed many of these issues for some time, which shows the close relationship 
between quality and ESG.”

Quality 4.0, which supports new, more service-oriented business models, isn’t going anywhere, experts say. In 
this new approach, vertical and horizontal integration is encouraged between competitors, customers and 
manufacturers.

 “We are firm believers that Quality 4.0 initiatives are accelerating and are here to stay. The value proposition is 
too great, and it would be hard to imagine organizations deciding to step back from being able to increase the 
speed and accuracy of decision making along with improved transparency, traceability, and auditability,” says 
Apter.

Francis says that Quality 4.0 is the key to continued exponential growth in technology.

“In our opinion, disruptive technologies, and the changes those technologies are bringing to manufacturing, are 
here to stay,” he says, “and they will continue accelerating.”

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

Pull Quote Image Source: Kiwis / iStock / Getty Images Plus via Getty Images.

Genevieve Diesing is a contributing editor of Quality. 
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CT for Dimensional Precision Measurement 
Reaches Production Floors

INDUSTRIAL COMPUTED TOMOGRAPHY

IN THE USE OF CT AS A MEASURING INSTRUMENT, THE AEROSPACE, 
AUTOMOTIVE AND MEDICAL TECHNOLOGY INDUSTRIES ARE PIONEERS.  

By Florian Knigge

Over the past few years, industrial computed tomography has consistently been developed further in terms of 
speed, degree of automation and accuracy. Due to its ability to nondestructively capture, display and analyze the 
internal structures of objects in high resolution and three-dimensionally, it is gaining importance as a precise 3D 
measuring technology for production in addition to the classic application fields of research and development 
and failure analysis. 

Significantly shorter scanning and evaluation times, automated positioning and calibration, significantly higher 
and reproducible measurement accuracy. Industrial computed tomography has made considerable progress in 
recent years. As a result, the technology, which has long been established in research and quality laboratories, 
has now also reached the production floors. The volume data generated is no longer used only for standard 
nondestructive testing - i.e. the search for defects such as cracks or pores - but increasingly also for the 
measurement and imaging of complex components and tools. This is because CT-scanner systems can be used to 
quickly and easily capture internal geometries, cavities and undercuts, where optical or tactile coordinate 
measuring machines o�en require destruction or expensive individual fixtures and a lot of time to produce a 
result.

In the use of CT as a measuring instrument, the aerospace, automotive and medical technology industries are 
pioneers. Typical components measured include plug-in connectors, multi-material assemblies, injection 
nozzles, turbine blades, and implants. The increasing use of additive manufacturing methods also leads to 
components with interior geometries that prior to CT were unattainably complex and inaccessible to other 
measuring methods. In these cases, CT helps optimize and shorten development and initial sampling processes 
as well as production ramp-up. It can also be used for quality control and process optimization during 
production.

The True|position technology of Waygate Technologies extends the specified accuracy to all measuring positions.

Complete Geometry Acquisition And High Information Density
With the possibility to fully capture the geometry of a sample three-dimensionally, with high information density 
and all inspection characteristics in only one single CT scan and, inter alia, to create any desired virtual sections, 
CT technology opens up new analysis and time-saving possibilities in quality control. An automatic porosity 
analysis, for example, can display the size of inclusions distributed throughout the component in tabular or 
colored form. This allows conclusions to be drawn about the quality of the injection process or the stability of the 
workpiece.

The figure illustrates additional possible applications of CT such as the traditional dimensioning of standard 
geometries and profiles including all known form and position tolerances. A nominal/actual comparison displays 
the geometric deviations of a sample on an easily interpretable color scale. In this case, a comparison with the 
CAD data of the workpiece also shows that the largest detected pore clusters are located in areas that will be 
removed anyway in the course of further machining. 

In combination with True|position the Ruby|plate 
calibration body allows an extremely accurate geometry 
correction

The faster and easier capture of even hidden internal 
geometries makes industrial CT also interesting for 
dimensional measurements on the production floor.

How A CT System Becomes A 3D Measuring Instrument
In order for a CT system to be used for precision measurement tasks, calibrations by the manufacturer are 
inevitable. These guarantee that the system reaches and maintains the specified measuring accuracy, which is in 
the range of a few µm for microfocus systems. To ensure that temperature fluctuations do not influence the 
measurement, the system is kept at a defined temperature in a climate chamber for several days. Only then does 
the calibration of central system components such as the flat panel detector, the manipulator and the X-ray tube 
begin. 

The actual physical measurement in CT systems consists of taking a series of 2D X-ray projection images. For this 
purpose, the test object is positioned on a very precise manipulation system and rotated once by 360° during the 
measurement with the help of a precision rotary axis. The 2D projection images are typically acquired in angle 
steps of <0.5°. Especially the sharpness of the X-ray images, which depends largely on the quality of the X-ray 
source and detector, but also the precision and stability of the system’s geometry, determine the quality of the 
raw data in this process.

The volume data set of the test specimen is then generated from the raw data by a numerical reconstruction 
using typically a filtered back projection algorithm. For an optimal measurement result, the reconstruction 
algorithm must take into account the geometric measurements of the system components previously 
determined in the calibration by the manufacturer, and correct physical e�ects like the so-called beam 
hardening or thermal expansion. 

Once you have a complete volume data set of the test specimen, the surface data is extracted and exported into 
the 3D evaluation so�ware to perform the final steps of the measuring task. These could be e.g. a nominal/actual 
comparison of surface data and CAD model with variance analyses and wall thickness measurements or 
measurements using the fitting of standard geometries and profiles for classic GD&T tasks.

The automatic porosity analysis highlights inclusions in tabular or colored form after just a single scan. 

Improved Process Chain For Constant Precision According To VDI2630 
Until just a few years ago, there was hardly any way to compare the metrology performance of individual high-
resolution CT systems. The VDI guideline 2630, introduced and declared binding for all manufacturers only a 
decade ago, first defined an industrial standard for determining measurement accuracy, and thus for determining 
the suitability of CT systems for inspection processes.

Good measurement accuracy results from the process chain for 3D measurement with CT systems described 
above. This is because the quality of the measured raw data (CT projection data) is essential for the accuracy of 
all subsequent evaluations. In addition to a stable system design optimized for the respective application, the 
right combination of hardware and so�ware tools to minimize geometric deviations is key to successful precision 
measurement with computed tomography.

For a long time, customers shied away from the time-consuming positioning and initial calibration as well as the 
regularly required re-calibration of the system, both of which are necessary for the successful use of CT as a high-
precision measuring instrument. Customers considered them an obstacle that was reason enough not to acquire 
a CT system for this application, especially in a production-related environment. But here, too, some CT devices 
have been advanced in terms of handling and the associated e�ort and expense.

Set-up of a CT system for dimensional precision measurement 

Recent Developments Of Advanced CT Systems For Metrology
Technological improvements especially in the most advanced industrial CT systems are now ensuring the 
consistent delivery of the required precision with fast scans and high sample throughput. For instance, a new 
powerful 300kV microfocus CT system for 3D metrology and defect analysis like the Phoenix V|tome|x combines a 
variety of proprietary CT innovations for reproducible precision measurements in a comparatively short time.

This kind of new technology allows to automatically remove scatter artifacts in just a few minutes and achieves a 
significantly higher image quality, especially with highly absorbent samples, which could otherwise only be 
achieved with significantly slower line tomography, taking about one hour or require the investment in more 
expensive 450kV high-energy CT equipment.

User-Friendly Solutions For Fully Automated Scans
CT scanning so�ware can include all necessary processing functions for control and calibration of the 
tomography system, acquisition of projection data, fast and optimized reconstruction of volumes, generation of 
geometrically correct surface data of the scanned object, and the execution of measurements with suitable 
so�ware packages - all highly intuitive and if required fully automated at the push of a button in selected cases. 
These core functions can be complemented by precisely tailored automation solutions for sample and filter 
changes.

Quick And Uncomplicated Calibration
In order to ensure the specified measuring accuracy of the overall system, regular re-calibration, as with any 
other metrological technology, is essential. 

Due to the very high degree of automation in running calibration and validation precision level, the significantly 
shorter scanning times and extended evaluation options have made CT technology a real alternative for 
precision measurements in production environments. 

All images copyright ‘Waygate Technologies’

Florian Knigge is the Technical Director CT Metrology at Waygate Technologies, a Baker Hughes business 
(formerly GE Inspection Technologies)

For more information, email Florian.Knigge@bakerhughes.com or visit www.waygate-tech.com. 
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SOFTWARE & ANALYSIS

Building Customer Loyalty
Starts with Great Quality Management

THERE IS NO DENYING THAT IMPLEMENTING A DIGITAL QUALITY MANAGEMENT 
SYSTEM HELPS COMPANIES AVOID RISK AND LOWER COSTS.   

By Anthony Murphy

When it comes to operating and growing a successful business, the ultimate goal is to create loyalty among 
consumers and establish a positive brand reputation. What keeps customers coming back to a business is 
knowing — and expecting — they are receiving a high-quality product. For that reason, quality management must 
be top of mind for any forward-thinking manufacturer. Sometimes deemed a nice-to-have rather than a 
necessity, quality management must be embedded across an organization in order to streamline operations and 
reduce the risk of poor quality products. 

According to a report from Allianz Global Corporate & Specialty, defective product incidents have resulted in over 
$2 billion in insured losses over the past five years. While a product recall can cost a company millions in lost 
revenue, the larger associated cost comes from losing customer loyalty and tarnishing brand reputation. Leading 
manufacturers mitigate the risk of lost revenue, recall costs, and negative brand impact by viewing quality 
management systems as a necessary preventive measure and proactive strategy, rather than a reactive solution.

The Cost Manufacturers Really Pay For Poor Quality
Product recalls are the biggest financial liability businesses can face. The AGCS report also found that a 
significant recall can cost anywhere from $1.6 to $14.5 million, with cases typically found in the automotive and 
food & beverage industries. Yes, these numbers can be devastating, but what manufacturers may not realize is the 
ripple e�ect and the downstream costs beyond those initial figures.

Along with the immediate financial burden of having to pay for the recall and repairs, there is a negative hit that 
brand reputation and customer loyalty will take, particularly if the recall is public. While these costs are not easily 
quantifiable, they can be greater than the cost of the product recall itself. When a business faces a recall, whether 
it is defective brakes or contaminated lettuce, customers remember these incidents and may think twice before 
buying a certain car or purchasing a certain brand’s product. Similarly, manufacturers may drop or fine a vendor 
in their supply chain as a result of recalls from that supplier.

Manufacturers with recall incidents or a history of quality and process issues find it di�icult to win new business, 
and o�en spend large amounts of money correcting their quality issues and repairing their reputation with the 
public and in the supply chain. Product defects are a significant “ding” on a company’s scorecard, and a potential 
new customer may avoid doing business with a company with a history of quality and process issues. Businesses 
look for transparency and control and want peace of mind that they are working with manufacturers that can 
prove they produce a quality product, consistently. 

Invest Now To Avoid Paying Later
While some companies shy away from implementing quality management systems because of the cost and 
perceived complexity, these solutions can eliminate business and cost risk while protecting future business and 
revenue streams. A good, digital, in-line quality management system should identify potential issues before they 
become problems that will disrupt production or cause downstream impact. This provides manufacturers with 
the ability to do root cause analysis and address the concern before a defective product is released, avoiding 
waste, scrap, or ultimately a recall. If issues are prevented or better revealed and corrected during the 
production process, the money a company spends on a quality management solution will more than pay for 
itself.

Another way a digital quality management system helps manufacturers save money is by eliminating 
unnecessary overhead costs. Using paper-based systems requires dedicated headcount to manage manual 
processes and monitor for quality issues. By having a digital, automated system in place, this cost and burden is 
reduced or eliminated as the system is doing the work, allowing manufacturers to focus those employees on 
other value-added work. With a digital quality management solution, manufacturers can easily scale their 
operations, without adding headcount. 

Best Practices For Choosing A Quality Management Solution
There is no denying that implementing a digital quality management system helps companies avoid risk and 
lower costs, but the next logical question is, “How do I choose the right solution for my business?” Di�erent 
industries have di�erent problems they must solve. For the food & beverage industry, companies face a highly 
competitive and margin constrained market with no room for error. Too many times when a manufacturer is 
performing quality checks and recording the data manually, they catch a product issue too late. By the time it has 
been addressed, thousands of products have been poorly produced. If systems are in place and errors are caught 
in real-time, manufacturers can avoid discarding product and wasting money and capacity.

An example of this can be seen with JF Fredericks Aero, a manufacturer for the aerospace industry. When the 
new owners took over the company in 2017, they soon learned that the company had slipped from its front-
runner status. The paper-based system they were using to manage production and quality wasn’t enabling them 
to deliver for their customers, much less scale. They turned to a cloud-based solution to help them manage 
production and instill quality capabilities, which prevented parts that hadn’t passed inspection from shipping. As 
a result, the company not only prevented a recall from happening, but they also impressed their customers so 
much with their dedicated focus on quality that they gained additional business. 

Similarly, the automotive industry has to adjust to new quality regulations and compliance guidelines that come 
from industry governance bodies or from their customers. As a result, automotive suppliers require quality 
management solutions that can easily adapt to changes and automate processes so that all facets of the 
production process - and supply chain - are following the new stringent requirements. 

The automation that enables machines to adhere to industry protocols also enables transparency. That 
transparency means providing instantaneous visibility to the processes and data gathered by the equipment. 
Manufacturers who have a good quality management system can easily and quickly pull necessary information 
because the solution records and stores all data digitally. Quality management systems that provide inventory 
traceability help provide transparency by creating an accurate and unassailable record of operation processes. A 
good quality management solution drives operational rigor to prevent issues, facilitates proactive decision 
making, and provides digital records - available at the click of a button - for immediate traceability and mock-
recall support that can be measured in minutes.

In today’s climate, issues around overwhelmed supply chains are top of mind for manufacturers and their 
consumers. Many consumers have made transparency a main reason why they choose a certain automaker over 
another.

A quality management system should be a top priority for manufacturers to automate processes and mitigate 
quality issues. Not only will it drive e�iciency and throughput, but having quality at the focus of the company will 
build a positive reputation, loyalty, and competitive di�erentiation, while driving higher levels of profitability. 

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

 Anthony Murphy, vice president of product management, Plex Systems. 
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Automation Game?
Just Starting the

Three Steps to Make the Jump Easier and More Cost-E�ective

MANAGEMENT

IF YOU’RE STILL CONSIDERING TAKING THE FIRST—OR POSSIBLY NEXT—STEP IN 
YOUR AUTOMATION JOURNEY, START WITH THE FOLLOWING STEPS TO 
FACILITATE THE PROCESS, AND FEEL MORE COMFORTABLE DOING IT.    

By Jeff Burnstein

More than a year into the COVID-19 pandemic, two things have become steadily clear: First, the overall trend 
associated with purchasing and deploying robots for applications such as process improvement and quality 
assurance continues, with stats from The Association for Advancing Automation (A3) showing a 20 percent 
increase in robot orders in Q1 2021 over the same period last year. Second, the pandemic actually accelerated 
trends that were already underway, including more non-automotive companies deploying robotics. As these 
companies continue to experience, robotics and other forms of automation help keep factories, warehouses, and 
o�ices up and running, especially when having di�iculties hiring or bringing workers into the facilities. It also 
keeps productivity and quality high and can even help disinfect their workplaces, all helping companies remain 
globally competitive and be prepared for future pandemics. 

Companies reluctant to jump on the automation bandwagon—or that have only dabbled with one or two 
applications—o�en express concerns about how to get started or expand, what it might cost, and whether 
production would need to slow down or even halt completely during implementation. Fortunately, “automation 
has never been easier, more cost-e�ective, or more powerful than it is today,” according to A3’s new Beginner’s 
Guide to Automation, penned by Keith Shaw of Robotics Data, LLC. “Developments in technology and lower costs 
for equipment are giving small and midsize companies the opportunity to explore automation,” Shaw wrote. 
“And depending on the system or type of robot deployed, companies can see a return-on-investment in six to 15 
months on average.” Even more, with ongoing improvements in so�ware, automation is becoming easier to 
deploy and easier to use - existing sta� on a factory floor can quickly learn to operate a robot rather than relying 
on a roboticist or engineer, in many cases. 

If you’re one of those companies still considering taking the first—or possibly next—step in their automation 
journey, start with the following steps to facilitate the process, and feel more comfortable doing it.  

Decide What Needs To Be Automated—And Then Start Small
Rather than attempting a complete overhaul of your processes, start small and evaluate which parts of your 
business can benefit from automating the “dirty, dull, or dangerous” tasks. For example, in a factory setting, do 
you have workers handling quality inspection on a manual basis, or could you benefit from a system where a 
robot arm picks up a machined part and uses a machine vision camera to scan for irregularities?

In a warehouse shipping dock, how much time is spent by workers who are loading and unloading shipments 
with pallet jacks or forkli�s, and could they do this more safely with robots? In a hospital setting, could your 
nurses benefit from a mobile robot that delivers medication securely through the halls so they can spend more 
time on patient care? 

As you go through your processes, you will likely find something that could benefit from advanced automation or 
smart robot systems. To help with this initial step, consider contracting with a robotics and/or automation 
provider, or a systems integrator with the expertise in a specific automation process or task to help along the way.  

Industrial robots such as this one from FANUC complete the same task—such as assembly durable goods or automobiles—
quickly over and over again, with incredible precision. They are usually separated from workers by cages and safety sensors to 
prevent injuries.

Identify The Types Of Robots Or Automation Needed
As we’ve experienced, the use of all types of robotics and automation is increasing, from industrial robots to 
collaborative robotic applications, to autonomous mobile robots (AMRs). Each perform di�erent tasks with 
di�erent capabilities, so understanding what each o�ers will help you choose a system that is right for your 
automation challenge. 

Industrial robot arms: In manufacturing, these robots complete the same task—such as assembly 
durable goods or automobiles—quickly over and over again, with incredible precision. They are usually 
separated from workers by cages and safety sensors to prevent injuries.

Collaborative robot applications: These robotic arms, usually smaller than traditional industrial 
robots, include sensors and are used in applications that make it safer for humans to work in close 
proximity with the robot on specific tasks. Cobots o�en work at slower speeds than industrial robot 
arms and are typically not caged. 

AMRs: These robots independently move from one place to another, typically transporting materials 
around a factory floor, packages around a distribution center, or cargo around a warehouse. They are 
smart enough to detect and navigate safely around objects as they go about their mission. In some 
cases, collaborative robots are installed on top of the AMRs so the robots can manipulate objects in their 
vicinity. 

Machine vision systems: These systems utilize cameras—or other sensing technologies such as LIDAR
—to assist in automation systems. The most common use is in quality inspection and defect analysis. 
These systems can also perform inventory management, assist in robot guidance, and empower robotic 
picking applications in unstructured environments with diverse objects. 

These automation solutions along with a slew of other technologies such as smart conveyors, augmented reality, 
and simulation systems are just the starting point. In nearly every field, new robots and automation systems are 
popping up to o�er solutions to help companies become more e�icient, solve labor shortages, or improve 
dangerous tasks. 

Autonomous mobile robots move independently, 
transporting materials around a factory floor, 
packages around a distribution center, or cargo 
around a warehouse. 

Create A Collaborative Plan—With Employee Buy O� And Expert Guidance
Once you know the processes you would like to automate and the equipment your company will need, make 
sure you have the right team with you along the way. With the right team in place, you can identify the problems 
you are trying to solve, as well as the business case for automation. (question here: should employees also be 
involved in determining what processes are ripe for automation?)

First and most important, employees must be involved in the project from the start. To keep workers from being 
concerned about the role they will play once robots are deployed, engage them in the process from the start so 
they understand that robots or automation will help them in the long run—it will replace tasks, not jobs, which 
will allow them to use their human intelligence to perform better in these jobs.

For example, a warehouse worker who has to pull a cart and walk miles per day collecting orders can instead be 
placed near the shelves to pick orders as a robot approaches them to deliver the items to a packing station. Or, 
that worker can be deployed at a packing station to help assist with the delivery of packages that robots bring to 
them. Instead of loading and unloading heavy boxes on a pallet all day long, a human can instead monitor the 
operations of a pallet li�er or autonomous forkli� that does all of the heavy li�ing.

In addition, explain to employees that working with robotics and automation can help them advance in their 
career rather than just having a repetitive, manual labor-type job.

Once you have employees on board, if you haven’t already partnered with a robotics and/or automation 
provider, or system integrator, now is the time to do so. 

Keep in mind that services from robotics and automation companies vary. Some robot manufacturers work with 
integrators to sell the robot to an integrator, who then works with companies to install and deploy them. Other 
robot companies may sell robots to a distributor, and some sell directly to end customers and handle their own 
deployments. Others still utilize a “robots as a service” approach that treats their robots as being leased by a 
customer, with the robot company o�ering maintenance and monitoring services. O�en, it may depend on 
whether your company wants to treat the automation project as a capital expense (CapEx) or operational 
expense (OpEx), as well as the type of system being deployed.

Regardless of who you partner to help with your automation projects or how, ensure they understand your 
concerns and unique challenges associated. Be prepared to outline what you’d like to accomplish and ask the 
right questions on how to meet your goals. Start with the following: 

Are the processes we’ve outlined for automation the best option to start with?

What should we be looking for in an automation solution? Which is the best vendor for each solution?

Do we need to halt operations while deploying the robot or other automation solution?

What might we be able to purchase and deploy based on our current budget? 

How long might it take to see a return on investment? 

Do we need to hire more experts for handle the robots or service them if any issues arise?

Taking these initial steps, and doing so with a team of employees and partners, should alleviate any major 
concerns you might have in making the commitment to automate various processes. Fortunately, the ease of use, 
cost-e�ectiveness and technical advancements should make it more comfortable for first-timers to take the leap. 
While some automation solutions may require greater financial and time commitments, they can result in much 
greater business benefits down the line. 

 Images Sources: The Association for Advancing Automation (A3).

Jeff Burnstein is president of the Association for Advancing Automation. For more information, call (734) 994-
6088 or email Jburnstein@automate.org. 

To learn more about how to get started with robotics and automation, visit A3’s Getting Started with Automation 
website at https://www.automate.org/a3-content/getting-started-with-automation.
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Products
THE LATEST PRODUCTS TO HELP YOU IMPROVE YOUR MANUFACTURING 

PROCESS
UEye FA Camera Family With New Sensors
uEye FA industrial cameras are particularly robust, 
and therefore, ideally suited for demanding 
environmental conditions, for example in factory 
automation. Starting in August, IDS will o�er three 
new sensors in the family: The 12 MP (IMX226) and 
20.44 MP (IMX183) Sony sensors with high resolution 
and low noise. For special requirements, the company 
will also integrate the 5 MP polarization sensor 
IMX250MZR.

Housing of the uEye FA models, lens tubes and the screwable connectors (8-pin M12 Ethernet connector with X-
coding and 8-pin Binder connector) meet the requirements of protection class IP65/67. The GigE cameras can be 
operated either with 12-24 V or alternatively as a PoE setup (Power-over-Ethernet). PoE enables practical single-
cable operation up to a maximum length of 100 m. The cameras are typically used for machine vision tasks in 
industrial plants and quality assurance. So�ware support is provided, for example, by the modern IDS peak SDK.

Both the 12 MP rolling shutter sensor IMX226 (4000 x 3000 px) and the 20.44 MP rolling shutter sensor IMX183 
(5536 x 3692 px) are part of the Sony STARVIS series. Thanks to BSI technology ("back-side illumination"), they 
are characterized by exceptional light sensitivity and low noise. The 5 MP polarization sensor IMX250MZR also 
enables interesting application scenarios. It shows its strengths especially in low contrast or reflective light and 
helps to detect scratches on surfaces or the stress distribution within transparent objects. This makes details 
visible that remain hidden from other sensors.

uEye
https://en.ids-imaging.com/store/products/cameras/ids-interface-group/ethernet/ids-family/fa.html
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AEROTECH CASE STUDYINNOVMETRIC CASE STUDYCYBERMETRICS CASE STUDY

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

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

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

Edelbrock Generates High 
Performance ISO Audits 
with GAGEtrak®

In 1938, Edelbrock started in a modest four-car repair shop in Los Angeles and today, the Edelbrock name is 
known worldwide for manufacturing a wide range of high-precision, high-performance engine components. 
Kevin Brewis, Edelbrock’s Calibration Technician, is responsible for ensuring that the company’s thousands of 
gages, fixtures and pieces of test equipment are properly managed, tracked and calibrated across five divisions to 
meet ISO 9001 certification.

     While Edelbrock has used GAGEtrak since 1998, Brewis became the main user in 2008 and found right away 
that “GAGEtrak is very user-friendly and easy to learn.” Brewis likes that GAGEtrak allows him to track 
replacement costs on any gage, print monthly workload reports ahead of time and search and track tool history, 
allowing him to show an auditor exactly when a tool went missing as needed during an audit. 

     Brewis also likes that GAGEtrak can “...pull up my calibration records and print a calibration sticker [with the 
GAGEtrak Calibration Label Kit] in less time than it takes to boot up my computer.” Brewis estimates GAGEtrak 
“pays for itself ten-fold every year” and noted that “without GAGEtrak, this job would be impossible.” Brewis has 
also had great success with the CyberMetrics support team, commenting that “there hasn’t been a question they 
haven’t answered or a problem they haven’t solved.” 

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

Case study
Dimensional Engineering

Moving Targets 
PolyWorks® helps preserve 
GE’s power plant output

PolyWorks Enables Precise Large-Scale 
Machining 

Dimensional Engineering Inc., based in Houston, Texas, provides 3D digital data capture, engineering, and 
analysis services to address design and production engineering challenges across a broad range of industries. 
They are helping Extreme Fab manufacture high-precision skids for GE Aero Energy’s FlexAero LMS100 gas 
turbine.

Measuring 60 feet by 25 feet, the LMS100 skid has precisely machined bearing surfaces and mounting holes. The 
slightest machining deviation can decrease the power plant’s operational e�iciency, energy output, and service 
life. According to William Bonner, Managing Director of Dimensional Engineering, “The mounting pads require a 
flatness of +/- 0.002" and elevations held to +/- 0.005", relative to all locations across the skid’s 60-foot length.”

Machining the skid is very challenging, since it moves. One-ton field machining systems sit on the skid while 
making the precise cuts, making the skid flex, because their weight is not distributed equally.” To complicate 
things, the skid expands and contracts throughout the day as the temperature varies up to 50°F (10°C). 
Dimensional Engineering’s role is to control the setup and dictate exact cutter angles and depths so that Extreme 
Fab can deliver the precision that GE demands, in a changing environment.

Bonner’s tools of choice are FARO laser trackers and InnovMetric’s PolyWorks|Inspector™ so�ware solution. “We 
use the laser trackers to capture precise measurements and PolyWorks® to study and manage the data collected 
to direct the ever-changing project,” he said. To ensure that all measurements are precise relative to all tracker 
positions, Bonner’s team uses PolyWorks’ move device and real-time bundling plus dynamic temperature 
compensation functionalities that allow the machinists to program cutter paths relative to the skid in a stable 
temperature condition.

With PolyWorks, Dimensional Engineering makes moving targets manageable and precise large-scale machining 
predictable.

 innovmetric.com
1 888‑688‑2061

Aerotech Increases 
Measurement Speed 40%  
 

Challenge:

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

Solution:

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

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

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

 
aerotech.com/smp

sales@aerotech.com
412.963.7470
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Contact Katie to order: 248-244-1275 
or zarrillik@bnpmedia.com

or shop online at www.qualitymag.com/books

Stay Up To Date With Valuable
Training Materials

Q-PLUS Labs | Irvine, CA
Tel: 949.380.7758

qplus@qpluslabs.com
qpluslabs.com

Dimensional Measurement
Services & Products
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TRENDSNDT

  BY CHARLES PERRIE

Monitoring Assets 
with Restricted Access Phased 

Array 
CORROSION IS COMPLEX, AND MITIGATING 

AND MANAGING IT IS NOT A LINEAR PROCESS.

Across just about all industries that have tanks, piping upon supports or piping entering the ground, clients are 
faced with inspection challenges and specific concerns on how to inspect the critical areas of these three asset 
components. The Restricted Access Phased Array (RAPA) method, however, can inspect these traditionally 
challenging areas, which have been historically known for having no easy inspection solutions.

RAPA is an ultrasonic testing method which is a powerful corrosion screening tool. The RAPA benefits lie in the 
significantly reduced inspection time, limited excavation demands and the ability to potentially extend intervals 
for tank inspection, or prioritize tank inspections.

RAPA FOR TANKS
Tank inspections are a necessity for a myriad of reasons – from compliance to a variety to regulatory standards, 
through to the ongoing detection and maintenance of concerns such as corrosion and leaks. Le� unchecked, 
tanks can become a major safety and environmental concern with the potential for catastrophic consequences a 
genuine possibility.

Yet, tank inspections are not a straightforward process as many zones on a tank need specific inspection 
techniques used or specific concerns screened for. One zone that falls under this complex category is the annular 
rings in above ground storage tanks, which is the area under the outer perimeter of the base. As a corrosion 
hotspot, these annular rings and their welding joints are prone to accelerated underside corrosion given the 
considerable mechanical stress placed on this region. In addition, if there is internal topside corrosion in the 
critical zone, it could make this region even weaker.

While traditionally inspecting these annular tank rings has required an o�line inspection, the Restricted Access 
Phased Array (RAPA) screening inspection allows tanks to remain in-service throughout an inspection.

RAPA is an advanced nondestructive testing technique proven as an e�ective short distance, corrosion scanning 
solution. The benefit of adopting RAPA scanning for annular tanks is two-fold – one, tanks can remain in-service, 
eliminating a major inspection limitation. Secondly, with RAPA clients can gain a better understanding of the 
integrity of their tanks at the critical zone.

By adopting RAPA inspection screening when a tank is in-service, operators are able to understand any potential 
threats to the tank’s structural integrity and prioritize future inspections accordingly. This ability to foresee 
threats makes RAPA inspection an e�ective pre-shutdown strategy for many clients wanting to allocate 
inspection spend to where most needed.

When it comes to safeguarding a tank’s safety and integrity, RAPA has proven a powerful inspection approach to 
scanning a tank’s annular plates, and providing an “early warning.” Like any inspection technique however, 
adopting RAPA scanning to annular plates does require some consideration. Such considerations include 
cleaning annular tanks to bare metal in order to eliminate a method variable and improve signal transmission. 
Further considerations include the annular protrusion which should be 40mm or greater, and should not be 
heavily corroded either on the topside or underside.

The tank inspections priority is to minimize disruption and safeguard production without any quality trade-o�s. 
RAPA is one advanced inspection approach helping to achieve such results. Using RAPA to scan annular tank 
rings, inspections can be performed with minimal disruption and optimized outcomes.

RAPA FOR PIPING UPON SUPPORTS
All piping sits on some form of support and hence all piping can be susceptible to wear through movement 
during operation or from a build-up of debris under the pipe corrosion that can occur. This applies to lagged and 
un-lagged piping. 

In the past the only way to inspect these areas was to either do a limited visual inspection or alternatively li� the 
pipe, which is a safety hazard and financially intensive process. The process of li�ing piping for a visual inspection 
is rigorous and some piping configurations are unable to be li�ed.

With the RAPA method ALS can now screen the area under the piping where it sits on the support and determine 
the presence of damage, resulting in a more focused understanding of CUPS. Ultimately, this improves safety and 
significantly reduces financial demands.

RAPA FOR PIPING ENTERING THE GROUND
Up to one meter below the surface of the ground, the make-up of moisture and oxygen is an ideal environment 
to corrode carbon steel piping. Traditionally, the only way to inspect this area of piping was to excavate a hole 
around the pipe for visual inspection.

The issue with this excavation inspection method is that only the piping presenting evidence of corrosion 
actually requires excavation. In adopting a RAPA inspection screening, the safety concerns associated with an 
excavation are eliminated and inspection spend is significantly reduced, by targeting an excavation only where 
there is evidence of corrosion below the ground. 

Overall, RAPA eliminates the potential scenario of digging a hole only to find the pipe work is in good condition.

Corrosion is complex, and mitigating and managing it is not a linear process. That being said, RAPA has made 
inspecting these three traditionally problematic locations increasingly feasible. For all three of the above 
applications, RAPA is used as a cost-e�ective screening tool to elevate safety and spend inspection budget funds 
in a more focused manner. The screening solution is considered increasingly valuable when used as the 
preliminary inspection approach – used to guide further inspection and pinpoint required remedial action. 

All Images Source: ALS Global

Charles Perrie, principal consultant - Advanced Inspection, ALS Global. For more information, 
contact ALS Asset Integrity & Reliability at assetcarecontactus@alsglobal.com, or visit 
www.alsglobal.com/services-and-products/asset-integrity-and-reliability. 
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COMPRESSION T EST INGNDT

  BY MARK FRIDMAN

Squeezing the Most Out of 
Compression Testing

THE DATA DERIVED FROM COMPRESSION 
TESTERS CAN BE HELPFUL THROUGHOUT THE 

LIFE CYCLE OF A PRODUCT.

Some of us enjoy watching videos on YouTube of random objects being crushed. Whether it’s an old shoe, a tube 
of toothpaste, or a cinder block, some enjoy a sense of satisfaction in seeing how something unravels when 
subjected to crushing compression forces. For manufacturers around the world, breaking stu� can be 
entertaining, but it’s serious business when it comes to determining the quality of their products. 

Under controlled conditions and with appropriate test equipment, compression testing provides quality 
engineers, inspectors, and research professionals with data they need to determine a material or component’s 
physical characteristics for quality assurance, design suitability, and customer satisfaction.  

WHEN IS COMPRESSION TESTING NEEDED?
Besides some of the fun examples above, there are millions of more mundane, and 
o�en unseen, applications for compression testing. Here are some examples:

Compression Spring Testing: Springs are essential components in everything from 
pens to mattress to automobiles. To ensure optimal performance, a compression 
force is applied to determine corresponding force. Several parameters are o�en 
measured, including spring rate, spring force, force at a given deflection, and 
deflection at a given force. Understanding the mechanical performance of a spring is 
critical in specifying which spring to use in a product design.

Top Load Testing: Top load testing is popular for packaging, 
beverage, and consumer products manufacturers. Bottles, 
containers, cans, and cartons are required to resist 
compression loads that could damage them. In top load 
testing, a compression force is applied until it deforms by a 
specified amount or collapses. An example of such testing is 
measuring the top load on a common water cooler bottle. 
Such measurements must meet minimum standards to 
prevent damage to the bottle or its contents during 
transportation or customer handling. The results of a top load 
test can identify failures in the molding process or in the 
formulation of the material.

Bend Testing: Bend testing subjects plastics, wood, carbon 
fiber, and other materials to compression forces at three or 
four points. The resulting deflection and compression forces 
are measured, and used to quantify strength, elasticity, and 
other characteristics. This information helps materials 
producers meet specifications and assist other manufacturers 
in specifying materials in their designs.

A compression force tester can 
determine bending characteristics 
via a 3- or 4-point bend test.

HOW TO PERFORM A COMPRESSION TEST 
Compression testing may be done by benchtop force 
measurement systems. Most systems are universal, capable 
of both tension and compression testing, and consist of a few 
main components:

Test frame 

Force sensor   

Machine control and data collection so�ware 

Grips and fixtures

The first step in configuring a compression tester is 
identifying the test objective. Then, determine the expected 
maximum force, maximum sample dimensions, and 
maximum sample deformation or extension. This information 
will aid in selecting the required components of a complete 
system: 

Test Frame: Test frames, whether motorized or manual, 
produce the force necessary for the test. With motorized 
frames, the speed may be preset to ensure that tests are 
performed consistently. 

Compression spring testing yields important data for spring 
manufacturers and the design engineers who specify their use in a 
product. 

Select a test frame capacity appropriate to the expected maximum force. Single-column electromechanical test 
frames are normally o�ered in many increments, such as 100 lbF (500 N), 300 lbF (1.5 kN), 500 lbF (2.2 kN), 750 
lbF (3.4 k), and 1,500 lbF (6.7 kN). Higher capacities are o�en configured as double-column systems and may be 
hydraulically driven. Dual-column test frames also o�er the advantage of unlimited depth clearance, ideal for 
oddly shaped or oversized samples. 

Force Sensor: A force sensor, or load cell, measures tension and compression forces, and is available in many 
force capacities. Choosing the correct capacity optimizes accuracy and measurement resolution. Ideally, a force 
sensor should be used at no less than 5-10% of its range. For example, a compression spring requiring 36 lbF is 
best served by a 50 lbF force sensor with 0.02 lbF resolution. Using a 1,000 lbF sensor with 0.5 lbF resolution 
would result in lower accuracy as a percentage of the reading. 

Grips And Fixtures: Catalogs full of generalized and application-specific grips are o�ered by compression 
tester manufacturers and grip specialists. For example, 3- / 4-point bend fixtures allow the user to position anvils 
at specific positions to achieve the desired bend. Compression plates of various sizes engage springs, bottles, and 
other objects. In some cases, users source their own custom solutions, which could be 3D printed, machined, or 
fabricated via other means.

A multi-step test editor allows the user to customize a series of motion control 
and data collection steps particular to the application.

A variety of results are calculated in compression testing so�ware, such as 
maximum load, load at maximum distance, delta distance, height, and others.

SQUEEZING THE MOST OUT OF SOFTWARE 
Recent advancements in force measurement so�ware provide powerful tools for creating test procedures and 
analyzing data, while simultaneously being more integrated with the test frame and force sensor. 

Using some of the above application examples, newer advanced so�ware allows users to create custom test 
executions without any programming knowledge. Here are two examples:

Compression Spring Test To Multiple Heights: Springs may be compressed to a height to determine the 
resulting force and spring rate. For example, a test procedure might call for measuring the free (original) height, 
followed by one or more heights, as follows:

1. Prompt the operator to enter a lot number

2. Touch the top of the spring – pre-load of 0.2 lbF

3. Measure the free height

4. Compress to 4 in. height

5. Record the force 

6. Compress to 3 in. height

7. Record the force 

8. Return to home position

FATIGUE TEST OF PLASTIC MATERIAL 
Plastics are employed liberally in products we take for 
granted, with newer formulations taking the place of 
more traditional materials like wood and metal. To 
determine suitability of a material for a given 
application, a complex test procedure can be helpful, 
such as the following:

1. Prompt the operator with instructions and an 
image of the testing setup

2. Touch the top of the material – pre-load of 0.2 
lbF

3. Zero the travel display

4. Compress by 0.5 in. 

5. Record the force

6. Return to home position

7. Compress by 1 in. 

8. Record the force

9. Return to home position

10. Repeat steps 2 through 9, 50 times

The results generated by these tests are displayed in tabular format directly within the machine control so�ware. 
Selected results and operator prompt responses correspond to run numbers (for example, 10 runs in a batch). 
Statistics may be applied to the results of multiple runs to determine trends. Results can be output to a .csv file or 
used to generate a report for further analysis and record keeping. Previous runs can also be viewed on the graph 
simultaneously, to more easily compare the behavior of multiple samples.

To avoid buckling or rupture in the field, plastic water bottles are subjected to a 
top load compression test.

SUMMARY
Compression testing gives manufacturers confidence that their products meet specifications, customer 
expectations, and are safe. The data derived from compression testers can be helpful throughout the life cycle of 
a product, from the design process to prototype analysis, to ongoing production inspection. E�ective 
compression testing can not only ensure compliance with standards and regulations, but can buoy a company’s 
reputation in the eyes of their stakeholders. And sometimes, it’s even fun to watch.

All Images Source: Mark-10 Corp. Video source Getty Images

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

WHY COMPLEMENTARY MATERIAL ANALYZERS ARE ESSENTIAL TO 
LEVERAGING THE BENEFITS OF QUALITY 4.0

Handheld LIBS is the fastest tool for 
alloy and metal sorting with just one 

second measurement time.

WHEN A MANUFACTURING PROCESS IS COMPLETELY 
AUTOMATED, IT IS ESSENTIAL TO HAVE THE RIGHT 

ANALYZER FOR EACH STAGE OF THE PROCESS. 
 

BY FRANK THEUWS

A lot of people connect Industry 4.0 with digitalization, big data, and smart manufacturing but not as much with 
PMI (positive material identification) testing. However, in each industrial age we do not lose the key components 
of the previous revolution, but rather we use new ideas and technology and theory to boost the productivity in 
our existing manufacturing process. The need for quality control gains even more importance with the 
introduction of a smart factory and smart production.

When a process is totally automated and integrated into the internet of things (IoT), we are only able to ensure 
that the right product is manufactured through quality control by showing the elemental composition of 
incoming and outgoing materials using the most modern and latest spectrometer technology.

Accurate analysis at each stage of the 
production process can be 
accomplished with the use of 
complementary technologies. 

ALIGNING YOUR QUALITY PROCESSES TO INDUSTRY 4.0 
Industry 4.0 brings intelligence, connectivity, data driving, and automation to individual manufacturing processes 
with the goal of having a competitive smart factory. Wrapped within Industry 4.0 is the concept of Quality 4.0, 
which aligns the practice of quality management with the emerging capabilities of Industry 4.0 to help drive 
organizations toward operational excellence. 

A quality system built to Industry 4.0 requirements will measure and send data instantly across its network to 
enable minor changes to be made in real time within the same production cycle.

Quality 4.0 is an integral part of Industry 4.0 by constructing a quality control process that allows for e�ortless 
data driven connectivity. It demands that the technology matches the industry need for instantaneous changes, 
based on real time data and a proactive approach to manufacturing. This involves the entire supply chain process 
from incoming material inspection to outgoing material inspection.

IMPORTANCE OF PMI 
The issues that are avoided by PMI and elemental 
analysis techniques are just as relevant as ever in a 
smart factory. However, quite o�en when a smart 
factory and smart production is implemented, very 
little or no consideration is given to PMI, and quality 
assurance and control of products. There could be 
unexpected consequences if a “non-tested” product 
fails in its application or draws concerns such as 
identification of the wrong alloy or material delivered 
by a supplier, supplying end users with the wrong 
materials, material mix-ups in the warehouse or not 
knowing if the product has the right elemental 
composition and desired quality. 

The only way to ensure the right product emerges at 
the end is by checking the elemental composition of 
incoming and outgoing materials. Ideally at every 
step of the process where the composition is likely to 
change. The analytical equipment chosen to integrate 
with these steps must be in-situ (i.e. not o�-site) and 
be able to give accurate and precise elemental 
information immediately at each stage. This 
information must then be transmitted across the 
network for immediate review and real-time process 
feedback. PMI analyzers with connectivity, WIFI, 
ethernet, USB and in the future 4G/5G functionality, 
can also be taken to the next level by integrating into 
process control systems and communicating with 
other machines and resources. 

Technologies Explained

XRF provides fast and accurate analysis of all common 

alloys. With low detection limits and because it’s a 

totally nondestructive technology, it can also be used for 

�nished goods. A handheld XRF is the most versatile of 

the three techniques since it is the least sensitive to the 

surface conditions of a sample and it is not restricted to 

metal analysis. XRF can provide a thorough chemical 

analysis consisting of up to 35 elements on a single 

measurement. 

LIBS is the fastest tool for alloy and metal sorting with 

just one second measurement time. Ideal for checking 

incoming material and performing checks in the 

fabrication process. Handheld LIBS is considered the 

ideal instrument for quick aluminum analysis since, 

unlike XRF, it can be used to identify lithium in 

aluminum. A handheld LIBS instrument is the same size 

as a handheld XRF with the additional bene�t of being 

able to hold a sample in your hand since there is no X-

rays.

OES provides the highest level of accuracy and 

�exibility. The only technique among the three that can 

provide also high accuracy analysis of carbon, sulfur, 

phosphorous, boron, tin, arsenic and nitrogen in steels 

as well as trace elements. Analysis of light elements such 

as Boron, Sulfur, Carbon, and Phosphorous is integral in 

determining low alloy steels.

PMI ANALYZER CONNECTIVITY
We are already seeing automation of metals analysis to support stringent quality control programs and metals 
processing facilities taking advantage of automated sample analysis to measure batches of samples in a single 
measurement run. In-production analysis integration is also in demand with larger instruments being installed 
directly into conditioning lines for real-time analysis.

In the future, we are likely to see existing production lines upgraded by adding inline sensors that act as control 
points for the flow of products from raw material to finished component. This integration of automated checks 
goes a long way towards capturing potential issues before any time or material is wasted. For example, 
analytical instruments can push information out to production equipment to start specific tasks such as running 
analyses or removing a test sample and flag up and halt production when an anomalous result is discovered. 
This real-time response reduces scrap and rework and helps production react quickly to any issues – essential 
when budgets are tight.

As we are still probably a few years o� from fully integrated, connected and flexible analyzers that feed smart 
factories with a constant stream of data, learning and adapting based on demands of the production process, 
having the right material at the right place is and will continue to be hugely important for reducing the cost of 
poor quality.

Mobile OES is a key technology to 
address positive material 
identi�cation’s role in Quality 4.0.

CHOOSING THE RIGHT ANALYZER FOR EACH STAGE OF THE PROCESS
The most reliable way to integrate elemental analysis across the manufacturing process is to choose the right 
technique for the right job. As there is not one ‘right’ technique for the ’right’ job, o�en companies look for 
complementary technologies.

X-ray fluorescence (XRF), spark laser induced breakdown spectroscopy (LIBS), and spark optical emission 
spectroscopy (OES) are the three main technologies used in conjunction with each other to create a suite of 
complementary technologies for each stage of the production process to ensure right material is in the right 
place from goods-in to goods-out and every step in between. 

For example, nondestructive testing of finished components will need to use XRF technology as that is the only 
one that leaves the surface completely residue free. Testing to verify that incoming material matches the 
expected grade can be completed by LIBS or spark-OES technology, as it has been defined in the ASTM 1476. 
However, for complete metals elemental analysis, including carbon, phosphorous, sulfur, nitrogen, oxygen and 
hydrogen detection, companies must use spark OES. 

When a manufacturing process is completely automated, with little to no human intervention, having the right 
analyzer for each stage of the process is essential. Complementary material analyzers that are connected will be 
the key to your success with Quality 4.0.

All Images Sources: Hitachi High-Tech Analytical Science

Frank Theuws is general manager for global OES distribution of Hitachi High-Tech Analytical 
Science. With over 30 years of global experience in optical emission spectroscopy, Theuws has a 
strong understanding of customer needs and future analytical requirements. 
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BACK 2 BASICSNDT

Audit Preparation
Liquid Penetrant 

PROVIDING THE INSPECTORS WITH GOOD 
EQUIPMENT IN THE FIRST PLACE CAN PREVENT 

FUTURE AUDIT PROBLEMS.

By George Hopman

The o�-quoted adage is that the shop should always be prepared for an audit. While this saying is true, the 
average quality manager knows that consistent readiness for such scrutiny calls for continued best practices to 
be complied with. This article seeks to suggest valid best practices such that a forthcoming audit will be just 
another validation of the shop’s competency and integrity. 

Providing the inspectors with good equipment in the first place can prevent future audit problems. The initial 
purchase of LED lamps for the wash and inspection stations is relatively expensive but will save money in the 
long run since the LED bulbs last much longer than traditional mercury vapor lamps. The higher intensity in the 
wash station prevents underwashing that could prompt reprocessing the parts and the higher intensity in the 
inspection booth makes it much easier for the inspector to detect any discontinuities. Traditional TAM panels are 
di�icult to keep clean and a continual source of audit exposure. Substituting twin-nickel chrome panels as the 
system performance tool will ultimately save time and money.   

Depending upon the source of the audit, e.g., prime manufacturer, FAA, Nadcap, the source will o�en provide 
their checklist in advance to help prepare a shop for the audit. These are the test questions before the test is 
administered, so a thorough review of said checklist is obviously important. Such review should identify any 
neglected issue that might prompt a finding as well as prompt data gathering such as calibration certificates that 
will save time during the audit. The intent should be to scrutinize every page of documentation that the auditor 
will be looking at. Mistakes are bound to happen, but those errors should be caught before the audit. Having a 
Level 2 inspector help the Level 3 do the review will not only result in growing the inspector but will also develop 
the inspector’s awareness to the importance of total compliance to the customers’ requirements. 

It should be recognized that most auditors do not solely audit to the specific checklist questions. By relying on 
their own experience in the inspection method, the auditor is able to detect a problem outside of the scope of the 
checklist. This is for the Level 3 to mitigate by recognizing any potential audit exposure and having an accurate 
procedure in place that addresses all customer requirements. Having a good specification e�ectivity system in 
place will alert the Level 3 to any potential changes needed for the work instructions. The Level 3 should be 
periodically reviewing the process control records as the auditor will certainly be looking at them. The auditor 
will no doubt be looking at the qualification/certification records of the inspectors, so a Level 3 concurrence that 
all certification exams as well as visual acuity exams are up to date is in order.

Creating a good first impression for the auditor is helpful in the long run. This can be done by presenting a 
properly maintained line with no penetrant on the floor, nor any developer dust contaminating any surface. A 
neatly maintained work area speaks to the inspector’s attention to detail. The inspector’s work instructions, 
whether in print or available by computer should be readily available and up to date. Many shops are using a 
company-maintained computer tablet that contains all relevant specifications, so the inspector knows they are 
working to the most recent revision. It is on the company to maintain a specification e�ectivity system such that, 
unless the purchase order says di�erently, the inspector is always working to the latest revision.

Training of the Level 2 undergoing the audit is essential. They should be instructed to:

Review their paperwork before starting each job to ensure previous operations are complied with and 
that they do not see any anomalies.

Have their work instructions and acceptance criteria open and available.

Never go by memory but be able to point where in the procedure they are working to.

Make sure they understand the acceptance criteria, the auditor may ask scenario questions.

Never o�er information, only answer the question asked by the auditor.

If the inspector does not know the answer to the auditor’s technical question, to respond by saying “If I 
am not sure of something, I ask my Level 3.”

Never respond to or treat the auditor as an adversary. Auditors are not one’s friend, but neither are they 
one’s enemy. 

Many inspectors, whether they are certified or are a trainee, have a certain fear associated with an audit. The 
Level 3 can lessen that fear with practice audits and being an encourager to those working the penetrant line. 
Audits for any approved special process are inevitable, but proper best practices and mindful preparation can 
make an audit just another day in the shop. 

George Hopman is an ASNT Level III in MT, PT, ET, RT, UT, VT, MFL. For more information, 
call (623) 777-1211 or email george@ndesolutions.net.
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Buyers Guide Premium 
Sponsorships

Accurate Technology (ProScale)

1270 Rutledge Rd., Unit E

Fletcher, NC 28732-9399

(800) 233-0580

sales@proscale.com

www.proscale.com

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

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

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

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

thousands of applications.

**Product Categories**

Automatic Gaging & Sorting Systems

Dimensional Measurement Equip.

Encoders

Gages, Electronic

Gages, Handheld, Dimensional, Fixed & Variable

Gages, Height

Gages, Length of Travel

Measuring Machines

Noncontact Measurement Equip.

Readout Devices, Digital

Readout Devices, Digital

Sensors, Capacitive

Sensors, Inductive

Stages, Coordinate Measuring Equip.

Transducers, Linear Displacement

Turnkey Gaging Systems

Video Inspection Systems

Click Here

BACK

https://www.proscale.com/
mailto:sales@proscale.com?Subject=undefined
http://www.proscale.com/
http://www.qualitymag.com/directories/2169-buyers-guide/listing/5833-accurate-technology-proscale


Buyers Guide Premium 
Sponsorships

Arcadia Aerospace Industries

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

Punta Gorda, FL 33982

(800) 370-2821

info@arcadiaaerospace.com

www.arcadiaaerospace.com

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

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

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

engineering, measurement and special process manufacturing.

**Product Categories**

Calibration Services, Materials Test Equipment

Immersion Tanks

Materials Testing Services / Labs

NDT Lab Services

NDT Scanners

Phased Array Ultrasonic Imaging

Robotic Inspection Systems

Ultrasonic Test Equipment, Inspection System

Click Here
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Buyers Guide Premium 
Sponsorships

Cimetrix Ltd.

1021 S.W. Klickitat Way, Ste. 102

Seattle, WA 98134-1100

(206) 340-5995

sales@leebhardnesstesters.com

www.leebhardnesstesters.com

www.cimetrixltd.com

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

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

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

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

leebhardnesstesters.com

Product Categories:

Hardness Test, Portable

Hardness Test, Ultrasonic

Ultrasonic Test Equipment, Portable
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Buyers Guide Premium 
Sponsorships

Fowler Precision

66 Rowe St.

Newton, MA 02466

(800) 788-2353 x325

donp@fowlerprecision.com

www.fowlerprecision.com

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

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

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

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

**Product Categories**

Analog Indicators

CMM Programming/Simulation

Calibration Equip., Mechanical

Calipers

Cameras

Coordinate Measuring Machines (CMM), CNC/DNC

Coordinate Measuring Machines (CMM), Calibration Services

Coordinate Measuring Machines (CMM), Cylindrical

Coordinate Measuring Machines (CMM), Manual

Coordinate Measuring Machines (CMM), Portable

Coordinate Measuring Machines (CMM), Probes & Styli

Data Collection Equipment

Dimensional Measurement Equip.

Durometers

Electronic Levels

Electronic Test & Analysis

Electronic Test Instruments

Fixtures, CMM

Fixtures, Gaging

Gage Blocks

Gage Calibration/Management

Gage Masters

Gage Stands

Gages, Air ID Measurement

Gages, Air OD Measurement

Gages, Angle Measurement

Gages, Bore

Gages, Chamfer

Gages, Depth

Gages, Dial Indicator

Gages, Dial Indicator Snap

Gages, Electronic

Gages, Electronic ID Measurement

Gages, Electronic OD Measurement

Gages, Electronic Snap

Gages, Handheld, Dimensional, Fixed & Variable

Gages, Height

Gages, Pin

Gages, Plug & Ring, Cylindrical

Gages, Plug & Ring, Thread

Gages, Thread

Gaging Accessories

Indicators, Dial, Contact Points

Indicators, Mechanical Dial & Electronic

Levels

Micrometers

Micrometers, Bench

Micrometers, Thread

Microscopes, Stereo

MultiSensor Measuring Machines

Noncontact Measurement Equip.

Optical Comparators

Optical Comparators, Accessories

Optical Measurement Equip.

Parallels

Probes, CMM

Process Control Equip.

Protractors, Bevel

Readout Devices, Analog

Readout Devices, Digital

Readout Devices, Digital

SPC/SQC & Statistical Analysis

Scanners, 3D Scanning Equip.

Scanners, Laser Scanners

Scribers

Sine Bars

Smart Cameras

Squares

Stages, Coordinate Measuring Equip.

Straight Edges

Surface Analysis Equip.

Surface Contour & Pro�le

Surface Finish & Texture

Surface Finish Equip., Averaging

Surface Finish Equip., Pro�ling

Surface Texture Comparison Blocks

Tapes / Rules, Measuring

Turnkey Gaging Systems

V-Blocks, Straight Edge

Vision Inspection Systems

Vision Systems

Wires, Thread Measuring
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Buyers Guide Premium 
Sponsorships

Hoto Instruments

3100 Dundee Rd., Ste. 707

Northbrook, IL 60062

(847) 564-2260

info@hoto-instruments.com

www.hoto-instruments.com

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

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

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

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

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

**Product Categories**

Creep Testers

Durometers

Encoders

Hardness Testers

Indicators, Speed

Stands, Test

Stroboscope Equipment

Torque Calibration Equipment

Torque Measuring Equipment

Torque Tools

Ultraviolet (UV) Equipment
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Buyers Guide Premium 
Sponsorships

Imada Inc.

3100 Dundee Rd., Ste. 707

Northbrook, IL 60062

(800) 373-9989

imada@imada.com

www.imada.com

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

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

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

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

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

**Product Categories**

Adhesion & Bond Strength Testers

Bond Testers

Cable Testers

Calibration Equip., Force

Compression Testers

Creep Testers

Durometers

Friction Testers

Gages, Force

Hardness Testers

Indicators, Speed

Materials Test Equipment

Meters, Tension

Nondestructive Test (NDT) Equipment

Plastics Test Equipment

Shear Testers

Spring Testers

Stands, Test

Stroboscope Equipment

Tensile Testers

Torque Calibration Equipment

Torque Measuring Equipment

Torque Tools

Universal Testing Machines

Wire Crimp Pull Tester

Click Here
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Buyers Guide Premium 
Sponsorships

Ledford Gage Lab Inc.

P.O. Box 100 227 Industrial Dr.

Mulvane, KS 67110-0100

(316) 777-9300

sales@ledfordgage.com

www.ledfordgage.com

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

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

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

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

force equipment. 

**Product Categories**

Calibration Labs

Dead Weight Tester Calibration

Dimensional Inspection Services

Dimensional Measurement Equipment Calibration

Durometer Calibration

Force Calibration

Gage Block Calibration

Hand Gage Calibration

Hardness Tester Calibration

Mechanical Testing Services

Metrology Services

Repair Services

Surface Plate Calibration

Thread Inspection Services

Torque Calibration

Click Here
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Buyers Guide Premium 
Sponsorships

LK Metrology Inc.

29550 W.K. Smith Dr., Unit B

New Hudson, MI 48165

United States

Phone: (810) 263-6100

Fax: (810) 263-6101

sales.us@lkmetrology.com

www.lkmetrology.com

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

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

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

of manufacturers, both today and in the future.

Product Categories:

MEASUREMENT EQUIPMENT

 Coordinate Measuring Machines (CMM), CNC/DNC

 Coordinate Measuring Machines (CMM), Calibration Services

CALIBRATION SERVICES, CMM Calibration

TESTING / INSPECTION / MEASUREMENT SERVICES, CMM Inspection Services

SOFTWARE, DMIS/Computer & CAD Based Inspection

Click Here
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Buyers Guide Premium 
Sponsorships

Mark-10 Corp.

11 Dixon Ave.

Copiague, NY 11726

(631) 842-9200

info@mark-10.com

www.mark-10.com

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

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

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

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

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

**Product Categories**

Adhesion & Bond Strength Testers

Bond Testers

Calibration Equip., Force

Calibration Labs

Compression Testers

Creep Testers

Dynamometers

Flexure Testers

Friction Testers

Gage Repair

Gages, Force

Gages, Strain

Indicators, Torque

Load Cells

Materials Test Equipment

Meters, Tension

Nondestructive Test (NDT) Equipment

Plastics Test Equipment

Repair Services

Shear Testers

Spring Testers

Stands, Test

Stiffness Testers

Tear Testers

Tensile Testers

Torque Calibration Equipment

Torque Measuring Equipment

Torque Tools

Torsion Testers

Transducers, Torque

Universal Testing Machines

Wire Crimp Pull Tester
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Buyers Guide Premium 
Sponsorships

MARPOSS

3300 Cross Creek Pkwy.

Auburn Hills, MI 48326

(248) 364-2718

marposs@us.marposs.com

www.marposs.com

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

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

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

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

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

**Product Categories**

Analog Indicators

Automatic Gaging & Sorting Systems

CMM Programming/Simulation

Coordinate Measuring Machines (CMM), Probes & Styli

Detectors, Broken Tool

Dimensional Measurement Equip.

Eddy Current Test Systems & Equipment

Fixtures, Gaging

Gage Calibration/Management

Gage Masters

Gage R&R

Gage Repeatability

Gages, Air ID Measurement

Gages, Air OD Measurement

Gages, Angle Measurement

Gages, Automatic Size Control

Gages, Bore

Gages, Chamfer

Gages, Depth

Gages, Dial Indicator

Gages, Dial Indicator Snap

Gages, Electronic

Gages, Electronic Column

Gages, Electronic ID Measurement

Gages, Electronic OD Measurement

Gages, Electronic Snap

Gages, Fixed Limit (Go/No-Go)

Gages, Fixed Limit Plug

Gages, Fixed Limit Ring

Gages, Fixed Limit Thread

Gages, Fixture & Special Tooling

Gages, Flatness

Gages, Flush

Gages, Gear

Gages, Geometry

Gages, Handheld, Dimensional, Fixed & Variable

Gages, Height

Gages, In-Process

Gages, Plug & Ring, Cylindrical

Gages, Plug & Ring, Thread

Gages, Spline

Gages, Thickness, Electronic

Gages, Thread, Indicating

Gear Inspection System

Gear Measurement Equip.

Geometric Dimensioning & Tolerancing (GD&T)

Geometry Measurement Equip.

Indicators, Dial, Contact Points

Indicators, Mechanical Dial & Electronic

Laser-Based Measurement Equip.

Leak Detection Equipment

MultiSensor Measuring Machines

Noncontact Measurement Equip.

Nondestructive Test (NDT) Equipment

Optical Measurement Equip.

Probes, Touch-Trigger

Process Control Equip.

Readout Devices, Digital

Roundness/Cylindricity Measurement Equip.

SPC/SQC & Statistical Analysis

Surface Analysis Equip.

Transducers, Linear Displacement

Turnkey Gaging Systems
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Buyers Guide Premium 
Sponsorships

North Star Imaging Inc. - An ITW Co.

19875 S. Diamond Lake Rd.

Rogers, MN 55374

(866) 718-2471

sales@4nsi.com

www.4nsi.com

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

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

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

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

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

Product Categories

3-D Measurement Services & Imaging

Computed Tomographic Systems

Materials Analysis Equipment

NDT Certi�cation

NDT Equipment Repair

NDT Lab Services

NDT Labs

NDT Scanners

NDT Training

Robotic Inspection Systems

Training, Radiography

X-Ray Machine

X-Ray, Digital

X-Ray, Inspection Services

X-Ray, Inspection Systems

X-Ray, Tomography
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Buyers Guide Premium 
Sponsorships

Q-Mark Manufacturing Inc.

30051 Comercio

Rancho Santa Margarita, CA 92688-2106

(949) 457-1913

sales@cmms.com

www.cmms.com

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

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

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

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

**Product Categories**

Ceramics, Metrology

Coordinate Measuring Machines (CMM), Probes & Styli

Probes, CMM
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Buyers Guide Premium 
Sponsorships

SigmaXL Inc.

305 King St. W., Ste. 503

Kitchener, ON N2G 1B9

(888) 744-6295

sales@sigmaxl.com

www.sigmaxl.com

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

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

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

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

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

and government agencies.  

**Product Categories**

Analysis/DOE

CMM Programming/Simulation

Failure Mode & Effects Analysis (FMEA)

Gage R&R

Gage Repeatability

Graphics

Other Software Applications

Process Control

Quality Function Development (QFD)

Regression Analysis

SPC/SQC & Statistical Analysis

Six Sigma

Total Quality Management

Training
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Buyers Guide Premium 
Sponsorships

Statgraphics Technologies Inc.

P.O. Box 134

The Plains, VA 20198

(800) 232-7828

info@statgraphics.com

www.statgraphics.com

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

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

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

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

simulation and integrated guidance and interpretation. Perform sophisticated statistical procedures 

minus the learning curve and expense other programs demand.

**Product Categories**

Analysis/DOE

Capability Studies & Statistical Analysis, Gage R&R

Capability Studies & Statistical Analysis, PPAP

Capability Studies & Statistical Analysis, SPC

Data Collection & Mining

Gage R&R

Gage Repeatability

Graphics

Lean Manufacturing

Manuals, Training

Process Control

Process Control

Quality Management Services

Quality Management Systems

Regression Analysis

SPC/SQC & Statistical Analysis

Six Sigma

Six Sigma

Statistical Process Control

Training

Training & Consulting Services
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Buyers Guide Premium 
Sponsorships

Webster Instrument Inc.

11856 Mississippi Ave.

Los Angeles, CA 90025-6115

(310) 479-6770

www.websterinstrument.com

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

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

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

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

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

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

**Product Categories**

Hardness Testers
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Buyers Guide Premium 
Sponsorships

Western Gage Corp.

3316-A Maya Linda

Camarillo, CA 93012-8059

(800) 423-5062

sales@westerngage.com

www.westerngage.com

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

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

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

Gaging Solutions since 1968.

**Product Categories**

Dimensional Inspection Services

Gage Masters

Gage Repair

Gages, Air ID Measurement

Gages, Air OD Measurement

Gages, Air Snap

Gages, Angle Measurement

Gages, Fixed Limit (Go/No-Go)

Gages, Fixed Limit Plug

Gages, Fixed Limit Ring

Gages, Flatness

Gages, Plug & Ring, Cylindrical

ID/OD Measurement Services
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