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FROM T HE EDITOR |  DARRYL SELAND

ARIS TOTLE AND S ELF-DRIVING CARS .

Riddle Me This

A man is walking down the middle of the street dressed in all black. There are no streetlights. No moon. At the
same time, a car is driving down the same road with no headlights. At the last second, the car swerves to avoid
hitting the man. How can this happen?

(Spoiler Alert: Donʼt read any further until you want to know the answer.)

Reveal the Answer

The tactic deployed in this riddle, and others, is called extraneous detail. The story overloads the reader with
imagery of darkness and descriptions of things associated with night—streetlights, headlights, the moon—in
an attempt to distract the reader from what is not being said.

I told this riddle to my niece and she immediately asked if it was a self-driving car, which brings up another
reason why readers are prone to the trickery of riddles—our own knowledge and experience. With the news in
recent years of companies working toward the perfection of self-driving technology, it is easy to see how my
niece jumped to this technology as an answer to the riddle.

It is also just as easy to see how our knowledge and experience can potentially lead to poor assumptions. For
instance:

I write the numbers one through nine on a piece of paper, put it in front of you, and asked you to pick a
number…any number. What number would you pick?

(Iʼll wait)

If you picked a number from one through nine, would you be surprised if I asked you why? A�er all, I told you
you could pick “any number.”

Youʼll forgive the continued trickery, but I warned you about riddles. But my trickery is another example of
how easy it can be to play on assumptions. Writing out the numbers and placing them in front of you with
some importance is an act of extraneous detail, drawing your attention from the exactness of my words.

Poor assumptions are part of what is called a syllogistic fallacy. Attributed to Aristotle, a syllogism is a logical
device, most commonly expressed in the structure:

If A=B

And B=C

Then A=C

From an algebraic standpoint, is easy to see the logic, but when attributed to statements it is easy to see how
missteps in logic can take place even within the syllogistic structure. For instance, one can say:

Many mature trees are tall.

Many buildings are tall.

So, many mature trees are buildings.

“So, many mature trees are buildings.”

Donʼt feel bad if you have ever participated in a syllogistic fallacy, as the greats like Shakespeare have been
called out for a syllogism that falls apart in the end. And donʼt feel bad if you didnʼt figure out the riddle. In my
niece s̓ defense, she got it on the second try.

In the quality industry, dealing with big data can feel like battling extraneous detail and being ever vigilant
against poor assumptions. With millions of points of data, we can be overwhelmed by what is important and
what is not. One of the tools we have to navigate data is the proper use of ERP so�ware.

So check out, “Make a Quality Part On Time Every Time With ERP So�ware,” and meet this year s̓ Quality Plant
of the Year, Reed Switch Developments Corp., in this month s̓ Quality.

Enjoy and thanks for reading!

Opening Background Image Source: James P. Hohner Jr.

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

35th Control on Pace for May
Preparations for the 35th Control international trade fair for quality assurance are now approaching the
homestretch. Attention will be focused across all industries on the issues of vision technology, image
processing and sensor technology, as well as measuring and test technology, in Stuttgart, Germany, from May
9-12, 2023.

For more information, visit www.control-messe.com.

Digital 3D Touch Sensor Wins Hexagon’s
Support to Scale, Solve Industry Challenges
Hexagon has announced the winner of the second cohort of its Sixth Sense
open innovation platform, which nurtures start-ups creating solutions to
pressing manufacturing challenges.

Hexagon launched the Sixth Sense open innovation platform in 2022 to
support the growing demand for disruptive innovation in manufacturing. The
platform o�ers business insight, access to experts and mentorship, as well as
exposing them to Hexagon s̓ Manufacturing Intelligence division s̓ global
customer and partner base, which includes the likes of Audi, Airbus, Meta and
Zimmer Biomet.

GelSight won the competition, following an intense 10-week program of
product refinement and business development, which culminated in a
pitching competition at the Hague, the Netherlands, where they presented
their company and progress to a panel of judges representing experts in
technology, investment and Hexagon leadership.

As part of their winning package, they will receive access to Hexagon s̓
extensive customer base to expand their business, integrate with Hexagon
products, and further resources to globalize.

Youssef Benmokhtar, CEO of GelSight, said, “Many inspections in the industry
today are still performed by an inspector simply looking at or touching a part to
identify, and sometimes measure, a defect. This is a subjective, non-
repeatable, non-traceable process. Our gel material acts as artificial skin,
providing extremely detailed and rapid surface characterization. We have
digitized the entire workflow – our technology analyzes the readings to give
users detailed 3D visualization with up to 5 million data points that can help
automate processes, cutting costs and time.

“Working with Sixth Sense has been such a memorable experience – we are
proud and humbled to have been chosen and are looking forward to the future
with Hexagon. The real work starts now.”

Runner-up CASTOR s̓ Angeliki Malizou, director of business development, said,
“Participating in the Sixth Sense cohort has provided us with an exceptional
opportunity to take our business to new heights. Our intelligent so�ware
analyzes thousands of parts at once and identifies opportunities where
additive manufacturing makes sense, from a technical, economical, and
sustainable point of view. Whether a company's initiatives are cost reduction,
sustainability, supply chain resilience, or others, we can help engineers to scale
up their additive manufacturing journey, and we look forward to furthering
that journey with Hexagon.”

Parth Joshi, chief product and technology o�icer for Hexagon s̓ Manufacturing
Intelligence division, said, “The market is in a state of flux. The industry is
trying to contend with a shrinking global economy, sustainability
requirements and increasingly complex customer demands, which are all
piling on the pressure. To us, however, this presents an opportunity.
Constraints provide fertile ground for innovation, and start-ups know that
better than anyone. In fact, the industry as a whole can benefit from the
creativity and agility they bring to the innovation process, as demonstrated by
the success of our cohorts. We are excited to continue working together with
budding companies and will be recruiting for the next cohort soon.”

Hexagon would also like to congratulate the rest of the cohort for their
impressive pitches and dedication to growth during the program. These
innovative start-ups are: 3YOURMIND, Augmentir, JITbase, oculavis, Threedy,
and Teratonics.

For more information, visit sixthsense.hexagon.com.

Creaform Joins C-TPAT Program
Creaform announced that it joins more than 11,400 partners of the trading
community as a fully accredited member of the Customs-Trade Partnership
Against Terrorism (C-TPAT) program, an endeavor to strengthen the security of
its supply chains.

The C-TPAT program acts as a safety measure that the trade industry takes
against terrorism. With the primary aim of safeguarding cross-border supply
chains and the U. S. border, it extends the United Statesʼ secure trade zone to
the initial point of origin—in the present case, to Creaform locations. By joining
C-TPAT, Creaform agrees to work with the U.S. Customs and Border Protection
(CBP) to protect the supply chain, identify security vulnerabilities, and
implement specific security measures and best practices.

Since partnering companies must provide CBP with a security profile detailing
their approach to trade security measures in several aspects of their business,
this accreditation goes to show that Creaform has put everything in place to
foster safe and strong trade behaviors, and to act as a reliable partner in the
protection of the trade industry against terrorism.

As a C-TPAT member, Creaform will now be considered low risk and therefore
less likely to be screened at U.S. ports of entry, thus saving time at the border.
The partnership program provides several other advantages such as a
reduction in border checks, access to the directory of member companies, the
establishment of a single point of contact, and the opportunity to use fast
lanes to cross the border. What s̓ more, the actual process of entering the
partnership program increased Creaform s̓ very own security, and by doing so,
they make a positive impression on their business partners.

For more information, visit www.creaform3d.com.

Wenzel America, Able Machine Tool Sales
Launch Partnership
Wenzel America and Able Machine Tool Sales are combining strengths to
ensure accuracy and speed and, above all, top-quality precision across
Northeast America.

A strongly aligned culture of tailoring solutions to customersʼ needs
guarantees incredible value for the region s̓ manufacturing industry.

Able Machine Tool Sales has been serving the New England region since 1987.
Their variety of elite machine tools helps customers integrate the right tools
into their shops to meet the growing demand for precise, cost-e�ective parts.
Expanding their metrology o�erings with Wenzel was a natural step in
developing a complete line of high-accuracy, production-ready solutions. Since
1968 Wenzel has delivered tailored high-accuracy solutions to companies in
aerospace, defense, and contract manufacturing that help enable e�icient,
and e�ective manufacturing.

Drew Shemenski, president of Wenzel America, is excited about the prospects,
“We are extremely excited to partner with Able, a company who has a rich
history of serving their customers with brands that enable productivity.

We feel the Wenzel portfolio fits well with Able s̓. Our partnership is focused on
providing accuracy, throughput, and value-added solutions.

Most importantly though, I think we share a common vision of enabling
customer success through technology, collaboration, and energetic support,
whether on the shop floor, in the metrology lab, or anywhere in between,”
Drew Shemenski said.

“These days, whether the customer is doing short or long production runs, or
making small or large parts, precision and speed are essential,” said Able
Machine Tool Sales CEO Alan Lockery. “The Wenzel line, with its array of high-
quality CMMs, allows us to o�er our customers a choice of metrology tools at
reasonable costs for ensuring the exact quality standards they require.”

Able will hold their biannual Open House on May 16-18, at their showroom in
Agawam, MA, just two miles from where EASTEC will take place that same
week.

“Anyone interested should drop by and see the variety of machine tools under
power, including Wenzel CMMs. Wenzel and Able s̓ engineers will be on hand to
answer questions,” said Lockery.

For more information, visit http://ablemts.com/.

Mitutoyo America Celebrates 60th Anniversary
Mitutoyo America Corp. announced its 60th anniversary.

Since its establishment in 1963, Mitutoyo America Corporation has been
committed to providing the highest quality products and services to its
customers. With a wide range of precision measuring instruments, including
micrometers, calipers, height gages, and more, Mitutoyo America has become a
trusted name in industries such as manufacturing, automotive, aerospace,
and medical devices.

"We are thrilled to celebrate this milestone anniversary and reflect on our
history of providing precision metrology solutions to customers throughout
the United States," said Matt Dye, president of Mitutoyo America Corp. "We
have always been dedicated to producing high-quality, accurate, and reliable
products, and we will continue to do so for many more years to come."

To celebrate its 60th anniversary, Mitutoyo America will be hosting a series of
events and promotions throughout the year, including customer appreciation
events, special promotional discounts, and product demonstrations. The
company also plans to launch new products and services to further expand its
o�erings to customers.

"We want to take this opportunity to thank our customers, employees, and
partners for their continued support and loyalty over the past 60 years," said
Dye. "We look forward to continuing to work together to drive innovation and
improve precision metrology for the benefit of all."

For more information, visit www.mitutoyo.com.

ETQ Names Vaishnavi CEO
ETQ, part of Hexagon, announced the appointment of Vick Vaishnavi as CEO. He succeeds former CEO Rob
Gremley who led the company through an era of private-equity backed growth and SaaS-driven
modernization, ultimately leading to ETQ s̓ acquisition by Hexagon AB in April 2022.

Vaishnavi is responsible for leading ETQ s̓ strategic planning and execution at a time of rapid global expansion
and product innovation. At the same time, Vaishnavi will serve as a critical executive liaison with Hexagon s̓
Manufacturing Intelligence division, of which ETQ is now a part. Vick has over three decades of deep experience
in building high-growth SaaS companies and leading global expansion organically, through partnerships and
via M&A activity.

“I am very impressed with the work that the ETQ team has done thus far to build a leading SaaS company in the
quality management and health and safety so�ware markets,” said Vaishnavi. “I am eager to dig into the rich
work of getting to know ETQ s̓ people, products and customers and I am confident that my background and
approach will not only blend well with the team but provide a solid platform for the next step in ETQ s̓
evolution.”  

Before his appointment at ETQ, Vaishnavi was senior vice president and general manager of the Global CEM
Business at Everbridge, a global enterprise SaaS company.  At Everbridge he led and grew the company s̓
Critical Event Management (CEM) Business that included Enterprise Risk, Smart Security and Digital Operations
lines, which he grew from incubation stages to $100M+ in recurring revenue, with contributions from North
America and global international markets. During his tenure as head of the CEM Business, he led and
integrated multiple acquisitions in the enterprise risk, smart security, digital operations, risk intelligence and
crisis management markets as part of the company s̓ platform strategy.

Prior to Everbridge, Vaishnavi served as the CEO of Yottaa Inc., a SaaS so�ware company that helps customers
accelerate, optimize and secure eCommerce sites.  There he drove a critical corporate turnaround, completely
repositioned Yottaa in new enterprise markets and built the company into a vertical growth player in the
market.

Previously, Vaishnavi was CEO of Aveksa Inc., a leader in IAM (Identity and Access Management) so�ware and
solutions that helped organizations improve their information security, access governance and compliance
postures by automating user access lifecycle. Under his leadership, Aveksa grew more than 50% year-over-year,
earned a leadership spot in analyst ratings, established a global customer base, ultimately being acquired by
EMC Corporation.

Vaishnavi also served as CMO at BladeLogic, a global leader in data center automation. At BladeLogic he
repositioned the company and secured multiple consecutive years as the undisputed leader in Gartner s̓ Magic
Quadrant and Forrester Wave benchmarks.  As the marketing leader, he revamped sales processes and go-to-
market strategies resulting in an 80% increase in close rates and a 50% increase in average deal size. He was a
member of the executive team that prepared the company for one of the most successful technology IPOs of
2007 and resulted in the acquisition by BMC So�ware for $900 million in 2008.  A�er the acquisition, he
assumed the role of CMO of BMC s̓ Enterprise Systems Management Business.  

Vaishnavi holds a bachelor's degree in electrical engineering from Indian Institute of Technology, Roorkee, a
master's degree in computer engineering from University of Massachusetts, and an MBA from Boston
University Questrom School of Business. He has also participated in authoring eight so�ware patents and has
written articles on management, sales and growth strategies in enterprise so�ware.

“We are very excited to welcome Vick onboard and equally as excited to be part of this next stage in the ETQ
journey,” said Josh Weiss, president, Hexagon Manufacturing Intelligence division. “With ETQ we have a solid
anchor and a flagship team to continue our e�orts in connecting quality through the value chain of our
customers and through our portfolio of quality data capture devices. Finally, weʼd like to thank Rob for all his
e�orts in taking ETQ to such levels and building a team around him who shares the same passion for customers
and quality as we do.“

Rob Gremley o�icially handed the baton of ETQ leadership to Vick on January 17 and had this to say at an all-
company Town Hall meeting just prior to the transition:

“Iʼve had the great opportunity to serve as CEO of ETQ since 2018 and it has been a privilege and joy for me to
lead this company. I couldnʼt be happier with Vick as the right customer-focused leader for this next phase of
ETQ s̓ growth. He embodies the ideal mix of passion, intelligence, experience and empathy to lead ETQ to
success in its next chapter.”

For more information, visit www.etq.com.
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SPEAKING OF QUALIT Y |  COLLIN SUTT

MAKING THIS KIND OF SHIFT CAN BE A MONUMENTAL TASK,
REQUIRING A MULTIFACETED APPROACH.

From Firefighter to
Proactive Problem Solver

Over the years, I have seen firsthand that there seems to be no shortage of opportunities for quality
professionals to become an irreplaceable member of an organization if they are highly skilled in resolving
issues.

Those who become successful in firefighting within organizations with chronic firefighting are o�en rewarded
with an endless supply of problems to tackle, and issues to resolve. Sometimes jokingly referred to as “job
security” by those stuck in the mire, chronic issues are o�en a symptom of a culture that perpetuates a reactive
approach instead of a preventive one.

Organizations with this kind of culture tend to be too focused on short-term successes. In these organizations,
resolving issues at the surface, just enough to get things moving takes precedence over truly resolving issues
at the root cause.

In these kinds of cultures, it is di�icult for quality professionals to shi� to resolving issues at their origin, and
work to develop proactive mitigation processes, because the emphasis in their day-to-day work is to focus on
the urgent matters. They are not likely given the proper resources to address issues in a long-term sense, only
allowing for quick Band-Aid approaches to resolution.

Although successful firefighters may be celebrated for their abilities to keep things moving, and can o�en be
rewarded both intrinsically and extrinsically, even the most dogged ones are at risk of burnout if they are in a
constant state of reactive management. Therefore, those stuck in the perpetual cycle of firefighting would be
best served by taking steps to move toward a proactive approach to manage and mitigate risks.

Making this kind of shi� can be a monumental task, requiring a
multifaceted approach.

However, when successful, it can be transformational for an
organization and its workforce, and thus, the end results are
worth the e�ort.

Start making your
case by providing
data and examples.

Start making your case by providing data and examples of the impacts and costs that poor quality has had on
your organization, including both visible costs and hidden costs. When possible, focus on impacts from an
urgent reoccurring issue where recurrence could have been prevented with previous proper root cause
analysis and resolution at the problem s̓ origins.

Once you have made the case for proper resources and time for issues to be resolved properly, begin to utilize
cross-functional teams, including input from frontline workers, to get to the root of your problems, identify
all contributing factors and process improvement needs, while considering upstream and downstream
impacts, and create an action plan accordingly. Document the current state of the processes, along with the
desired future state and make sure to assign accountability to a process owner, who will be responsible for
ensuring that processes are reviewed and updated in the future as additional improvement ideas are
generated.

As each process improvement project is completed, quantify the positive impacts, as you will be able to gain
even more momentum in shi�ing perception, eventually being able to adopt a more proactive mindset in
preventing issues, instead of addressing them.

The organization s̓ culture wonʼt change overnight, nor will it from the fruits of one improvement project, but
over time, as front line workers are engaged, workflows are evaluated, tools such as Plan-Do-Check-Act are
integrated, and improvement projects are deployed, thus fixing issues at their genesis, teams will begin to see
the value, and take ownership of their processes. This will allow the culture to shi� from one focused on short
term results to one focused on continuous improvement and long term e�ectiveness.

Luckily, ASQ has many resources available to quality professionals wanting to learn more about how to move
le�, and shi� from reactive to proactive quality, how to deploy quality tools and philosophies for real results,
and most importantly, how to influence leadership regarding the impacts and costs of poor quality, and the
value of embracing continuous improvement.

I encourage anyone who is embarking on the journey of transforming an organization, and moving from
firefighter to proactive quality leader to leverage ASQ for the many resources it has to o�er, and get involved in
a local chapter and the technical division that most closely matches their industry.

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

Collin Sutt is a senior performance excellence and quality consultant in the construction industry, and has nearly
25 years of experience in the construction and manufacturing industries. He is a senior member of ASQ, is
currently serving as chair of ASQ’s Design and Construction Division, and holds multiple certifications. 

MARCH 2023  |  VOLUME 62  |  NUMBER 3

https://youtu.be/njJ55yopDeI
https://www.qualitymag.com/


QUALIT Y 101

IF YOU TAKE CARE OF YOUR GAGES, THEY WILL TAKE CARE OF YOU AND THE
PARTS YOU MANUFACTURE. By Mike Oddy

Taper Pipe Thread Inspection, NPT

Taper Pipe Threads are one of the more challenging threads to produce and measure. The ASME B1.20.1-2013
Pipe Threads, General Purpose (Inch) is the current standard that covers both the part thread specifications
and the gages for NPT, NPSC, NPTR, NPSM and NPSL threads. We will be focusing on the National (American)
Standard Pipe Taper (NPT) threads. Generally, NPT taper pipe threads are a 60° thread form that is tapered at
0.75 in / �. (1°47ʼ half angle). The taper causes the rules for Go and No-Go gage inspection to change as
compared to straight threads. To understand the gages, we must first understand how the part threads work
and their purpose.

NPT part threads have a tapered internal thread that assembles with a tapered external thread. Per the ASME
standard, “The mating threads should always contact on the thread flanks. The design tolerances are such
that mating crests and roots may clear, contact, or interfere. This joint may not necessarily seal, unless a
sealant is used. ” (See the ASME B1.20.1-2013 for the illustrations of the root and crest clearances.) If you
require a pressure tight seal, a sealant must be used on the wrench-tight length (L2 external and L3 internal).

The Illustration in Fig. 1 shows the basic thread form of the hand tight (L1) part assembly of internal and
external threads. This includes some of the definitions as stated in the ASME standard.

Figure 1

The Fixed Limit gages for the NPT thread form are L1 thread plug and ring gages. The L1 thread plug and ring
gages inspect the L1 length of engagement of the internal and external NPT part thread. The inspection is done
as a reference to a calibrated pitch diameter at a specific length on the tapered thread. This pitch diameter at
the L1 length is shown above as E1 in Fig. 1.

NPT L1 thread plug gages have a Basic notch ground to the E1 pitch diameter at the L1 length. The internal part
thread is considered in tolerance if the notch on the gage is within +/- 1 turn from the face (Flush) of the part
thread. (See Fig. 2)

Figure 2

NPT L1 thread ring gages do not have a notch. The thickness of the ring equals the L1 Basic length. The large
end of the ring equals the E1 pitch diameter. The external part thread is considered in tolerance if the small end
face of the NPT L1 ring gage is within +/-1 turn of the small end of the part thread. (See Fig. 3)

Figure 3

The above illustrations show a part thread with the thread being full to the end of the part. Many pipe thread
parts are manufactured with chamfers or counter bores. These require minor exceptions to the visual location
of the notch on the NPT L1 plug or the small end face of the NPT L1 ring. (See ASME B1.20.1-2013, pg. 12 Para.
3.2.4.)

The NPT L1 ring and plug gages do not inspect the L2 or the L3 (wrench tight) lengths of engagement for the
NPT threads. The ASME B1.20.1-2013 states, under paragraph 3.2.7, “Supplemental Gaging,” “Conformance to
this standard requires that all basic design dimensions be met, (within applicable tolerances), including taper,
thread truncations, lead, and flank angle over the L2 and L3 lengths.” The L2 & L3 part threads may be
inspected using optical methods in conjunction with measurement and control of the cutting tools.

Be careful using gages from other gaging systems, such as ANPT per SAE AS71051B or NPTF gages per ASME
B1.20.5. While many of the basic dimensions are the same, the tolerances and truncations may not be. Use of
gages from other pipe standards requires an in-depth knowledge of what the gages are actually inspecting and
how these di�erences will a�ect the parts being inspected. Gages like the ANPT Crest Check (6 Step) truncation
gage may be used to check the truncation limits of an NPT thread. Both the ANPT and the NPT part threads
have the same truncation limits. It is important to note, the ASME B1.20.1-2013 does not approve or mention
the use of the ANPT Crest Check truncation gages to inspect NPT threads. As with all Supplemental Gaging,
both the part manufacturer and the customer must agree on the use of all supplemental gages prior to
manufacturing the NPT part threads.

Plated threads pose another challenge to inspect prior to plating. In many cases you will not need a special
gage to inspect pre-plated pipe threads. You may use a standard gage and calculate an adjusted stand-o� to
the notch of the plug or the small end face of the ring. See paragraph 3.2.6 in the ASME standard for more
information. Custom gages may also be made if needed.

In closing, we need to briefly discuss the inspection or calibration of the NPT L1 plug and ring gages. Many labs
and gage users prefer to inspect or calibrate NPT gages with NPT master gages. This works well if  the working
gages are ordered and made to a matched set of master gages. It is important to note, a working L1 plug or ring
gage is not a master gage. Master Ring and Master Plug gages require the following tolerances per paragraph
7.2.1 in the ASME B1.20.1-2013. “Master gages should be made to the basic dimensions as accurately as possible,
but in no case shall the cumulative variation exceed one-half of the total cumulative tolerance specified in
columns 13 and 14 of table 9.”

As with any tool, understanding how it works and what it does are critical to making in tolerance parts. If  you
take care of your gages, they will take care of you and the parts you manufacture.

1. If the external threads that have a chamfer diameter smaller than the minor diameter or internal
threads with a chamfer diameter larger than the major diameter, the reference point will be the last
thread scratch.

2. If the external thread chamfer diameter is equal to or exceeds the minor diameter or an internal
thread has a chamfer equal to or smaller than the major diameter, the reference point is the end of the
fitting or pipe.

Images Source: Vermont Gage

Mike Oddy is the technical sales director at Vermont Gage (Swanton, VT). For more information, call (802) 868-
2701 Ext. 1123, email tech@vermontgage.com or visit www.vermontgage.com.
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SHAFT MEASUREMENT CAN BE
ACCOMPLISHED IN MANY DIFFERENT
WAYS, ACCORDING TO THE NEEDS OF THE
MANUFACTURING PROCESS. 

 By Kurt Clancy

MEASUREMENT

Sha� production has historically been, and still is, one of the most common processes in machine tool shops.
Sha�s are an elementary component of a majority of mechanical systems we use in our everyday lives and as
the requirements of higher quality and precision of those sha�s have become more restrictive, so have the
requirements for inspection of the sha� s̓ features. Not so long ago, sha�s were most o�en inspected using a
variety of hand gages such as profile templates, calipers, micrometers or snap gages. Today, specialized sha�
measurement systems better suited for modern sha� production processes are available.

In order to determine which type of gage is best for sha� inspection, various aspects of sha� production and
features need to be considered, including:

The machining process being employed
Parts produced by di�erent machining methods, be it turning or grinding, can require di�erent gaging
technologies. This is due to the di�erent surface finishes produced, especially if you are considering a tactile
measurement solution. Noncontact technologies work very well on finishing operations like grinding and
polishing, but may not have the same accuracy or repeatability with rough turning operations, which can
display burrs or rough surface finishes.

Production volume
Higher volumes generally call for a more dedicated, perhaps automated, solution that can measure quickly
and provide feedback without a�ecting overall takt times. When it comes to lower volumes, a handheld
solution or today s̓ flexible gaging systems can be practically and economically viable in many cases.

Part features to be inspected
Di�ering part features may require di�erent technologies or techniques to ensure accurate and repeatable
inspection results. For example, certain solutions may not be appropriate for measuring internal features such
as keyways and holes.

Range of parts to be produced
The number of various parts being produced and the degree to which they di�er will impact the design or type
of inspection system that fits best in your process. These factors will influence how much flexibility is required
within the measurement solution.

Frequency of part changeover
If  you are changing production from one part to another several times a day, a flexible inspection system
becomes much more valuable by eliminating downtime otherwise needed for mechanical retooling.

Ergonomic considerations
A gage is only useful if  it is usable. The loading and unloading of the part, the sequence of measurement
operations, and the operator interface must be practical and understandable. The inspection system must also
deliver results that are not influenced by operator skill or bias.

Optical scanning solutions offer noncontact optical scanning for rapid and accurate measurement and systems like this one
can be combined with touch probes for inspecting for non-visible features.

A Variety Of Inspection Technologies
In the past, manufacturers were o�en forced to choose a dedicated system instead of a flexible one because
flexible systems sacrificed accuracy or speed. Today, there are flexible gaging systems that can incorporate
several contact and noncontact technologies in one system, giving you the ability to inspect a wide spectrum
of features on a multitude of parts while sacrificing very little or nothing in system performance.

Some of the first flexible sha� measuring systems employed a tactile probe on a moving slide. In practical
terms, it was a 2D CMM. The advent of scanning probes, which allow the system to collect hundreds or even
thousands of data points per scan, helped to increase the accuracy as compared to discrete-point probe
systems. Then 2D scanning probes further increased the flexibility of the system to include complex
measurements such as gear tooth or spline geometries.

While highly accurate and flexible, the measurement
cycles of tactile probe systems are o�en too slow to
keep up with the production rates required, relegating
the systems to the measurement lab or periodic audit
inspections. In-process gages are still typically custom
designed systems that required mechanical changeover
between part runs.

Then came the optical gages employing CCD (charge
coupled device), also known as matrix array, cameras or
line scanning cameras. These devices project light across
the part and analyze the silhouette that is created to
measure the di�erent part features. This method, o�en
referred to as shadow casting, greatly reduces cycle
times while adding even more flexibility for inspecting
di�erent sha� configurations. Optical measurement is
not susceptible to the variances caused by tooling marks
that can a�ect tactile measurement methods, so
measuring parts with di�ering surface finishes is not as
challenging as it once was. These systems also make it
possible to inspect sha� configurations that are not
strictly rotationally symmetrical. However, optical
systems employing this method are limited to inspecting
only features that create the silhouette. Features such
as keyways and holes, not visible in silhouette, were not
able to be measured.

The Optoflash system offers optical measuring unit
based on side-by-side 2D image architecture where
images acquired by separate sensors are combined to
form a single resulting image.

Today, there are systems available that can use any of the above technologies along with others, such as lasers,
for measuring the more complex features or high-speed following devices for rapidly inspecting eccentric
diameters. These systems are capable of rapidly inspecting not only diameters and lengths, but many complex
features such as chamfers, radii, threads, keyway slots, splines and others.

A big development is that advanced filtering routines in optical inspection equipment now allow these systems
to be used in shop floor environments versus only within a lab setting, bringing improved measurement and
e�iciency to the process.

High speed tactile followers enable the inspection of eccentric or non-round diameters during high-speed rotation, including
those with concave sections.

The Importance Of Software
Flexible and user-friendly programming allows you to customize your inspection routines for full production
with automated loading and unloading as well as feedback directly to your machine tool for tool wear
compensation while giving you the ability to also make periodic audit checks on certain critical features.

The measurement cycles of such systems when used in a manually loaded manner are usually semiautomatic,
requiring only the loading of the part and selection of the desired inspection plan. Upon pushing the start
button, the inspection is automatically performed and the measurement results can be displayed in a number
of ways depending on the needs of the inspector. Graphic displays allow the user to zero in on part features of
particular interest.

Sha� measurement can be accomplished in many di�erent ways, according to the needs of the manufacturing
process. Handheld devices such as micrometers are still used in many low volume processes, while highly
sophisticated lab equipment is used in many metrology labs for periodic inspection and analysis. Tactile probe
systems provide flexibility and accurate results, but o�en sacrifice speed for those features. Optical systems
can be much faster but are somewhat limited in the scope of features they can inspect. Combination systems
employ a variety of technologies in a single system to o�er a high level of speed, accuracy and flexibility for
your process.

For fast, accurate and flexible inspection on the shop floor, there are options available to meet the needs of
any sha� production line. By considering the factors that define your process – and working with your quality
solutions provider - you can make the right choice of system for your requirements.

All Images Source: Marposs

Kurt Clancy, VP North American Sales, Marposs Corp.

MARCH 2023  |  VOLUME 62  |  NUMBER 3

https://www.qualitymag.com/


https://www.qualitymag.com/quality-show?utm_campaign=TQS2023


YOUR CHOICE CAN BE SIMPLIFIED
BY KNOWING WHAT KIND OF
INFORMATION YOU NEED TO
COLLECT. By Jacob Morales

Determining if

Force and/or
Material Testing
is Right for your Application

T EST  & INSPECT ION

The majority of product testing in manufacturing environments requires the force measurement of samples
to verify if they are able to withstand specific load application during post-production. However, throughout
the product design and development stages, material properties are also tested and studied to determine if
and how the material is an applicable fit for the product. There is a distinction between these two types of tests
– force measurement and material testing - and your choice can be simplified by knowing what kind of
information you need to collect.

The Di�erence In Units
First, it is helpful to understand the di�erence in units. Force testing measures the sample s̓ ability to
withstand or fail under an applied load. These loads are commonly measured in values of pounds-force (lbf ) or
newtons (N), while height or travel is measured in distance units such as inches (in) and millimeters (mm).
Material testing replaces the values of load and travel for stress and strain, which are typically measured in
pounds per square inch (PSI, or lbf/in^2) or MegaPascals (MPa, or N/mm^2) for stress, and as a fraction or
percentage for strain. The key di�erence between these two-unit sets is that stress and strain are determined
from properties of the material sample itself, rather than just the load being applied.

Consider breaking a cube in half in a uniaxial force tester operating in a perfect system where objects donʼt
deform under tension. The test is designed to hold the sample by opposing faces, applying a tensile force to
break it in half. The resulting halves would be perfect square prisms, each half the height of the original cube. A
force test assumes that the size and shape of the cube is irrelevant – either because all of the cube samples are
uniform in dimension so that the size and shape would not matter, or the di�erence in sizes are unimportant
as long as the cube reacts properly to the loads being applied. As a result, it would be unnecessary to test in
values of stress and strain and instead measure in load and distance.

A material test, however, requires knowing the dimensions of the cube to properly report its findings. Let s̓
assume the cube is one inch in length on each edge, and it takes 100 pounds of force to break the cube in half.
For a force test, the 100 pound-force value is all that s̓ required for the force system to collect as a data value,
but for a material test the system needs to translate that information to PSI. Because it is a perfect cube
breaking evenly in half (without stretching), the cross section is one inch by one inch square. To determine the
stress at break, the 100 pound-force is divided by the cross-sectional area of 1 square inch, which equals 100
pound-force per square inch, or 100 PSI.

To help put this into context for factoring in variables when material testing, let s̓ think of a cube with two-inch
edges, made of a di�erent material that also breaks at 100 pounds-force. Now that the cube is bigger, so is the
cross-section, which is now two inches by two inches, or four square inches. When dividing the 100 pounds-
force by that area, the result is 25 PSI. It is a lower stress value – an indication of a generally weaker material.
Consider that the area where the break occurs on the second cube is four times the area of the original, but
still breaks at 100 pounds of force. If you had a cube of the second material that was one inch on each side like
the first one, you can assume that it would break at a lower load value. You can even estimate that value: 25
PSI times 1 in2 is equal to 25 pounds. Operating with that same information, you can determine that the
second cube, being two inches on each edge, would have a breaking load of 400 pounds-force; 100 PSI times 4
in2 equals 400 pounds.

The example provided ignores many real-world behaviors for the sake of simplicity, but the general application
is the same -- material tests determine the inherent properties of what is being tested, and need to be scaled
appropriately for when the samples change size so that they collect information accurately. A force test does
not require that information, and can note behaviors under load without needing the material sample test
data. Looking at the first test example again, the test goal could be that the sample needs to break before
exceeding 100 pounds of force to pass the test. The second material would pass as a one-inch or two-inch
cube, but the first would only pass as a one-inch cube, because a two-inch cube would require four times the
load to break.

A spring compression (load) test. The spring follows a linear compression and reaches a maximum load at approximately 350
pounds for one sample, and 500 for another. Pressure testing is not required for this test, and elongation is not calculated, so
the stress/strain values are not graphed.

Force Testing Examples
One of the better examples of a consistently manufactured product that must conform to specific force
application and displacement standards are wire coil springs, made for either tension or compression. When
testing, the springs are most o�en checked to see if they either extend or compress to the appropriate distance
to determine their spring rates (in units of force per distance such as LBF/in, or N/mm) meet with the design
requirements. Because of the consistency in their design, there s̓ not much of a need to determine the material
properties of the spring. They are not expected to break under tensile or compressive load applications
because their design is intended to ensure a return to their original length, or free length. Material testing is
more appropriately performed on the raw wire or metal samples, rather than performing the material
calculations for the fully formed spring.

In the case of springs, force testing o�en takes the form of testing an item s̓ functionality instead of its
material properties. Take, for example, the need to test a button or a switch. The manufactured parts typically
have uniform designs, so the testing of a minimum required force rather than stresses across the component
surface is simpler to perform. Other examples include syringes for both plunger testing and puncture testing,
as well as packing material for strength – either for bubble wrap or air bag packaging to test for minimum
popping force, or foam compositions for breaking strength under load.

A material test  progressing to sample break, determining the maximum stress (σmax) and the strain value at that point
(ε@max). A cross-sectional area and gage length was provided for the controller to calculate the stress from the load and
the strain values. The Load at Maximum Stress (L@max) and travel distance at that point (D@max) are calculated from these
values.

Material Testing Example – Wire Testing
Building on the testing example of a spring, consider that the metal properties of the spring s̓ uncoiled wire can
be assessed through the analysis of stress-strain testing. Unlike when in its coiled form, the lengthwise testing
gives an easier means to determine the cross-section upon which the stresses are applied, which is equal to the
area of the circle defined by the wire diameter. It also allows for proper measurement of the elongation, as it
occurs along the sample s̓ whole length where appropriately gripped.

Using a wire instead of the coil spring provides an additional advantage. In environments where high precision
is required, an elongation measuring tool called an extensometer can be used. These devices are designed to
grip the samples at fixed points, and measure the change in distance between two points as the sample
stretches. For example, if  an extensometer has grips with an initial separation of one inch, and the sample
stretches to further separate them by an additional half inch, the recording of the test will note a fi�y percent
increase of sample length, or elongation. The design of the extensometer o�en takes into account the
intended sample material, and are constructed with physical limits to their maximum travel distance.

Depending on the extensometer, these travel limits might be shorter than the full length of a test stand, but
well within the expected limits of elongation based on material ductility. Integrated extensometer units have
the advantage of being able to operate with the test system s̓ so�ware, while independent units can be
specifically configured for the material type. For example, longer elongation devices may be used for highly
ductile samples, and more durable models are appropriate for less ductile samples so that they can stay on the
sample through its break.

Photo Source: The L.S. Starrett Company

Jacob Morales, technical support – Starrett Force Equipment, The L.S. Starrett Company. For more information,
call (978) 249-3551 or visit www.starrettmetrology.com/force.

MARCH 2023  |  VOLUME 62  |  NUMBER 3

https://www.websterinstrument.com/
https://www.starrettmetrology.com/force
https://www.qualitymag.com/


WITH MODERN ERP SOFTWARE, SCRAPPING NON-CONFORMING PARTS CAN AND
SHOULD HAPPEN IN REAL TIME. By Mike Melzer

When American manufacturers began taking quality seriously in the 1990s, they focused on physical quality to
do a better job of meeting customer tolerance requirements. At first, many manufacturers viewed total quality
management as a fad. However, those who forged ahead realized they could gain a competitive advantage by
consistently delivering high-tolerance parts with a minimum of returned rejects. As other manufacturers
began to catch on, quality parts became a must-have to get on a customer s̓ vendor list.

Since then, the definition of quality has changed dramatically, and so have customer expectations for what it
entails. The next phase in total quality development consisted of manufacturing parts to precise tolerance at a
lower cost. This was addressed in several ways, including outsourcing production to countries with lower labor
costs and embracing increasingly sophisticated technology to provide quality products for less.

As product quality continued to improve and the price of finished parts became more competitive, customers
again recalibrated their quality expectations. Now the expectation for superior quality consists of delivering
high-tolerance, low-cost parts on time every time. If  you canʼt deliver on all three, you donʼt make the cut.

The quality so�ware in most ERP systems tracks manufactured and purchased parts by scrap trends, cost,
department, employee, workcenter, and other criteria. But there s̓ more to delivering parts on time than
knowing how many you scrap and how much it costs. Having an ERP system that integrates various so�ware
modules with the quality module is essential for understanding, measuring and managing all the processes
that contribute to superior quality and on-time delivery. For example:

1. Vendor Performance
Most ERP quality modules track vendor performance in terms of tolerance accuracy, number of rejects, cost,
and on-time delivery rates. Some provide additional features that simplify the overall vendor management
process, such as a vendor approval process that ensures vendors meet your criteria in all areas. It lets you set
up a vendor approval workflow that includes all necessary signo�s and has a field that only allows purchases
from approved vendors.

Other features that simplify vendor performance management include returned material authorization (RMA)
forms that help speed up the return process; tailored reports and dashboards that make vendor analysis faster
and more e�icient by displaying only the data you want to see on the screen; and customizable data fields that
can be set up for side-by-side comparisons of supplier performance.

Your customers hold you accountable for delivering quality parts on time. ERP so�ware helps you do the same
with your vendors.

2. Routing Software
ERP routing enhances quality by enabling first-piece inspection data to be included throughout all router
documentation. A first article inspection involves testing one or more parts from the first production run to
verify a precision match with customer specifications. Having this data in the router at every step of the
production process helps ensure every piece in every lot meets the customer s̓ quality standards.

The routing so�ware helps with on-time delivery by optimizing production sequencing so you can
manufacture a high-quality part at the lowest cost in the least amount of time. It provides accurate, detailed
work instructions for every step of the production process, making it easier to meet scheduled due dates.

3. ECN Authentication
Using handwritten notes or word of mouth to manage engineering change notices (ECN) opens the door to
miscommunication and production mistakes. ERP electronically tracks all ECNs in the quality module so you
can e�iciently manage both immediate and future changes. The module produces documented revision levels
for customers and communicates the revision change in a timely manner. It also creates an authorization list
by providing the internal process change steps, thereby ensuring that every step is documented and
authorized before moving to the next one.

ERP so�ware also provides multi-factor control over the approval process by requiring engineer and/or quality
manager signo� before the designated corrective action can proceed. E�iciency is added through
functionalities in the system, such as copying the bill and router from the defective part to new bills and
routers.

The quality module safeguards against future problems with the part by allowing you to set up the ECN record
to allow or disallow use of the part numbers until final sign-o�. This helps prevent certain issues, such as
entering an inactive revision level on an order or sending inactive parts and work orders to have labor applied.
If a revised part will continue to be sold, purchased or manufactured, the system activates the number. Old
revisions that will no longer be sold, purchased or manufactured remain inactive.

4. Real-Time Quality Control
For years, managing quality was mostly a historic process. Defective parts usually didnʼt get identified until
a�er the job was complete, resulting in more rework and higher cost. With modern ERP so�ware, scrapping
non-conforming parts can and should happen in real time.

This process starts with machinists entering non-conforming data as soon as they finish a job sequence.
Placing ERP so�ware stations at each workcenter makes this step quick and easy. The data entry screen can be
set up to alert quality control supervisors by automatically sending texts or emails through the ERP messaging
system. This enables quality control decision makers to analyze and respond to the problem as soon as the
non-conforming parts are entered into the system. When a machinist scraps a part, the ERP system
automatically sends the data to the quality module, which assigns a dollar value to the part.

Armed with this data, managers can make informed decisions about whether to scrap or rework the defective
parts. The data also provides information for a cause and corrective actions report, which is then attached to
the work order to prevent further mistakes from recurring.

5. Error-Free Quality Management
ERP so�ware should track everything related to quality – from the time a job begins to the reconciliation of the
financials. This requires the system to automatically send data from planning and scheduling, shop
management, document control, company messaging, dashboard so�ware, and other areas of the system
directly to the quality module. Otherwise, it canʼt digitally receive the data it needs to manage the quality
process.

With fully integrated ERP so�ware, the entire system works together to make quality a precise, error-free
process. Routers electronically deliver accurate details and work orders to the shop floor. Engineers and
machinists always work o� the correct document revision. The system traces every part with 100% accuracy as
they move through the shop floor.

ERP lets you identify bad parts as theyʼre made, accurately log all purchasing, inventory and manufacturing
rejects, and view all rework, rejects and scraps from one dashboard. It tracks your entire quality history in one
central location and easily produces quality documentation for ISO and other compliance auditors. Most
important, it provides the true cost of quality by part, job and overall.

If youʼre losing customers due to quality issues or the same quality problems keep recurring, ask yourself five
questions to determine if your ERP system is up to the task:

Managing quality is one of the most complex tasks for a manufacturing enterprise, but ERP quality modules
have come a long way in the last decade. From immediate entry of scrap into the system to the ability to
analyze the data in real time and take quick corrective action, delivering quality parts on time every time has
become an achievable goal for all manufacturers.

1. Does your quality so�ware enable you to identify and correct defective parts before you ship them?

2. When parts are out of tolerance, does your quality module prevent the job from continuing until the
problem gets corrected?

3. Can you identify your cost of quality down to the part level?

4. Does your scrap rate equal or surpass the industry standard?

5. When you identify a quality problem with work in progress, does your system calculate whether it
would be more cost-e�ective to correct the defective parts or scrap them and start over?

All Images Source: Global Shop Solutions

Mike Melzer is the vice president of operations and service at Global Shop Solutions. For more information, visit
www.globalshopsolutions.com.
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THE ANNUAL QUALITY PLANT OF THE YEAR HAS A STRONG PAST AND A
BRIGHT FUTURE. By Michelle Bangert

Customizing Success

Watching your mom solder magnetic reed switches
at the dining room table leaves a lasting
impression. So does playing at the plant as a kid on
weekends. These memories make family small
business ownership seem like fun. In any case, they
might pique your interest in manufacturing.

Debra Dahlin still remembers seeing her mom, hair
in curlers, soldering magnetic reed switches at the
dining room table as she le� for school. At the same
time, she recalls her father taking the whole family
along to work on weekends. The family business
eventually made its way out of the basement and
dining room, into a shared industrial complex, and
then later into its own free-standing facility.

REED SWITCH DEVELOPMENTS CORP.
Racine, WI

Approximately 30 employees

Quality programs include Lean, Continuous
Improvement teams, Total Quality Management
(TQM), and ongoing training.

www.reedswitchdevelopments.com

Today, Dahlin is the second-generation owner and president of the WBE-certified Reed Switch Developments
Corp. (RSD). Under her leadership, RSD has grown steadily, despite a series of recessions, a global pandemic,
and a major pivot from primarily standard parts into small-to-medium volume custom ones.

The company, based in Racine, WI, celebrated its 55th anniversary last year, alongside its 35th as a Wisconsin
manufacturer. It did so while also achieving its highest-ever company sales and best-ever quality metrics. These
milestones were formally recognized by several letters of commendation, including one from United States
Congressman Bryan Steil, the now-Chairman of the Committee on House Administration.

For its commitments to quality, training, and growth, Reed Switch Developments Corp. is our 2023 Quality
Plant of the Year.

Celebrating History
The company s̓ story begins in the Dahlin family basement. It was there that Debra Dahlin s̓ late father, Harold,
and his business partner John Hammond, started Reed Switch Developments Corp. Dahlin, the company's
second-generation family owner and president, joined the company shortly before graduating college with a
marketing degree. Under her leadership, RSD has continued to grow and evolve. Continuous quality and
process improvements, including a willingness to try new things, branch out into other applications, and to
make investments in expert resources and technologies, have helped RSD to e�ectively weather challenges
along the way.

Lean training, which started in 1999, has made a di�erence to the company s̓ quality operations as well. “It kind
of blew us away,” says Dahlin. Through training with the Wisconsin Manufacturing Extension Partnership
(WMEP) program, RSD first learned how to tangibly improve productivity.

“Even though we do lower volume or custom one-o� parts, it was still possible to standardize our processes.
That made a believer out of me,” she says. “Weʼre willing to try just about any new process in order to be
adaptable and flexible.”

Dahlin s̓ leadership also included the addition of outsourced industry talent, brought in specifically to expand
and help modernize the company s̓ sales and marketing operations. In 2014, Dahlin added fellow WBE Molly
Bakewell Chamberlin of Embassy Global, LLC, to serve as the company s̓ fractional CMO and business
development advisor. Since then, RSD has achieved ongoing measurable sales growth, including an additional
$1.1 million in new sales in 2022, and with another $500k in new customer business already in the pipeline for
2023. Via this approach, Dahlin has added expertise to maximize profitability, expand RSD s̓ global footprint,
and yet still streamline overhead costs.

Maintaining Quality All The Way
As part of its continued commitment to quality, RSD continues to invest in new technologies. “While we have a
rich history, we also feel that we have a very bright future,” says Je� Rosenbaum, engineering/QA coordinator,
“and we find that adapting to current technology trends helps us stay competitive, including on a world stage
where we are becoming increasingly better known.”

Long-time customers also appreciate working with Reed Switch Developments Corp. Jim Cota is a buyer at
LDPI, a manufacturer of hazardous fluorescent lighting fixtures and new lighting applications. The company
has been an RSD customer since May 1999. In his role for LDPI, Cota purchases production components and
materials. RSD provides LDPI with a custom magnetic reed switch. “LDPI has been using this switch for over 20
years,” Cota says. “There have been few changes over time. Pricing, quality, and on time delivery have all been
consistently good.”

Blending Tradition And New Ideas
Dahlin is most proud of the company s̓ core values of ingenuity, quality and adaptability, all of which have
allowed RSD to address each new challenge successfully.

“Any challenge that s̓ been presented to us, including several recessions, the pandemic, the Great Recession,
doesnʼt beat us down,” Dahlin says. Back in 1990, for example, amid a slower economy, customers began
asking about their capabilities to produce one-o� or smaller volume custom parts. Previously, RSD would have
declined such projects. “But instead, we began to ask ourselves, “Why arenʼt we, why canʼt we, why shouldnʼt
we, and how can we produce them?”

“That opened a new door,” Dahlin says. “We found that we began to pivot from primarily o�-the-shelf products
into smaller volume and one-o� custom applications.”

“We chose to listen closely to the evolving needs of our customers and to evolve our company to meet those
needs. You donʼt know what you can achieve if you donʼt try,” Dahlin says. This spirit of proactive continuous
improvement is also instilled into every RSD employee, as they are trained to constantly ask, “Is there a better
way to do this?”

Dahlin enjoys watching new employees bring fresh ideas to the table. Otherwise, she notes, there is a risk of
getting tunnel vision. When employees ask, “Why are we doing it this way?” it s̓ possible to hear ideas that
havenʼt occurred to anyone before.

Brenda Mroch, lean initiatives coordinator/production manager, agrees. She believes that fresh eyes tend to
bring new ideas. Mroch stresses that RSD employees are trained to think of the next process/operator as their
internal customer. This mindset ensures RSD products are made to the highest quality standards for its
external customers.

Dahlin points out that tangible success has come from Mroch s̓ approaches to quality, given that in the five
years since Mroch has been with the company, the internal rejection rate continues to drop each year.

Building For Success
When RSD decided in 2004 that it needed more space, Dahlin had to decide between designing a new building
or finding an existing one. The company ultimately decided to build a brand-new facility. The design was
spearheaded by Debra s̓ brother, the national award winning architect Ken Dahlin of Genesis Architecture. The
overall building theme was an open o�ice environment for increased collaboration.

This theme extended into the production floor, with a setup that allowed for a more flexible manufacturing
environment. The new building had no hard electrical or communication wiring, only moveable drops. The
drops enabled RSD to freely move equipment and reconfigure the production floor on an as-needed basis, to
flexibly accommodate increasing automation requirements.

“During my first initial walk through with Debra, I was blown away by her foresight with the production floor
layout being so adaptable to implement continuous improvement and the lean principles,” Mroch says.

“As a result, when RSD did its recent Kaizen event, rearranging the entire production floor could be done
e�iciently,” says Mroch. RSD further implemented Kanban on the floor for point of use, allowing operators to
pull parts more easily for orders and improve workflow.

“All of that illustrates how proactive we are about everything,” says Rosenbaum. “We always try to think
beyond today, in terms of how flexible and adaptable any prospective new piece of equipment will be. When it
comes to our decisions to invest in new equipment, we will typically spend a little more upfront to gain added
flexibility. More than once, that approach has helped us in the long run, where we didnʼt anticipate needing
some feature or benefit that later we found we did, and were covered by our proactivity.” He says that foresight
is one of Dahlin s̓ many leadership strengths: “She is never just thinking about today.”

When asked about its current quality challenges, the team immediately mentioned the lessened market
availability of raw materials. Despite the di�iculties, RSD has been able to adapt, including at times perhaps by
using another material, or finding a new strategy.

“In a number of cases, we were able to expand our customer base, since some of our competitors at times
cannot be as agile at creatively addressing supply chain issues,” Rosenbaum says. “Part of that for us is our
exceptionally talented purchasing person.” Another factor is: “we take a little bit of risk, we buy what we need,
then buy a little more.”

“Under normal circumstances, most of our products have a two-week lead time. There are exceptions, of
course, though we have managed to maintain excellent lead times in the post-COVID environment. We not only
have been able to continue on, we have thrived.”

Finding Solutions Together
Rosenbaum recalled a customer quality situation that arose shortly a�er he started with RSD. A longtime
customer had started having an incredible amount of returns. RSD kept assuming that it was its own internal
quality issue. Each time that a shipment would be sent, a high percentage would be returned. RSD began to
analyze in-house processes and speak to operators in order to verify first-hand what the customer was
experiencing. In doing so, they found new areas for internal improvement, including product traceability. A�er
a top-down analysis, they asked to do a walk-through at the customer site. In that e�ort, the customer found
areas where they could improve as well. Today, the customer remains one of RSD s̓ largest.

“It was a crash course for me, baptism by fire in the manufacturing realm, when I started here,” says
Rosenbaum, who initially came from an IT background. “It taught me a lot as an individual.” He noted that he
had to learn things that his coworkers already knew, such as lean and ISO concepts. “It illustrates how much
success you can have when you choose to partner with your customers. It doesnʼt do any good to point fingers
when things go wrong. Weʼre open to the fact that we might need improvements, and also look at ways to help
improve things on the customer s̓ end as well.”

Rosenbaum noted that the two most common product failure modes are physical shock or electrical damage,
neither of which can be diagnosed from mere visual inspection.

Shaping The Future
The company is constantly evaluating new technologies, and automation and new technology integration
initiatives are ongoing. Theyʼve been using 3D printing for several years, and recently, the company added in-
house CNC capabilities, which has helped with internal production as well as rapid prototyping. RSD also began
to incorporate some factory floor robotics.

The first 56 years of Reed Switch Developments Corp. have been a success. With the current environment, it
looks as if the next 56 years will be as well.

All Images Source: Reed Switch Developments

Michelle Bangert is the managing editor of Quality.
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Products
THE LATEST PRODUCTS TO HELP YOU IMPROVE YOUR MANUFACTURING PROCESS

New In Alvium Camera Portfolio
Allied Vision integrates Sony s̓ 4th generation 5.1 Megapixel IMX548
global shutter sensor with Pregius S Sensor Technology into its
Alvium camera portfolio. With the new camera models, the Sony
IMX548 sensor is now also available in Alvium cameras with either
GigE Vision (Alvium G1-510), 5GigE Vision (Alvium G5-510), USB3
Vision (Alvium U-510), or MIPI CSI-2 (Alvium C-510) interface. The
IMX548 sensor provides the same pixel size and resolution as
Sony s̓ IMX547 but comes in a smaller, more a�ordable sensor
package which makes the cameras slightly less expensive. With
these additional models Allied Vision is o�ering a large choice of
Alvium cameras with di�erent interfaces and various housing
options providing the very popular resolution of around 5 MP.

Together with the hardware release, user of Alvium cameras can benefit from a new version of the Alvium
Camera Firmware V11 introducing sophisticated GenICam compliant features, of which these should be
emphasized:

The sequencer allows users to acquire images of an object in up to 16 di�erent settings. Each set stores image
settings (e.g. ExposureTime, FrameRate, Balance Ratio, Gamma, Saturation) and multiple possible transitions
on trigger events. Each set can have up to 8 paths to any other set. For Alvium cameras with USB, GigE, and
5GigE interface an additional O�set X/Y Mode for IMX GS sensors is available.

Up to 4 individual counters can be defined to count di�erent events, such as LineN, Exposure Active,
Acquisition Active, or number of so�ware signals. The counter can also be used as a timer for triggering on
every n-th image. In combination with the sequencer the user can define that the set should be changed a�er n
acquired images or triggers.

This feature allows to filter out unwanted noisy and too short hardware input signals. Only su�iciently long
input signals are allowed to pass through the debouncer to trigger the camera. The user can define the
minimum duration of the input signal to cause a trigger. Two modes of using this functionality are available:
The “Delay Mode” makes the camera wait until the signal is stable enough according to the Debounce Duration.
With the “Stall Mode” it is checked if the input signal has the same value a�er the Debounce Duration to take
over the new level.

For Alvium G1 and G5 cameras there are additional features available:

Action Commands for Triggering, Sequencer, Timer (now also available in Alvium G1 cameras)

Flow Control to avoid the loss of images or data (now also available in Alvium G1 cameras)

Burst Mode for up to 150% higher framerates (only available for Alvium G1 cameras)

Allied Vision
www.alliedvision.com

Triton 2 IP67 2.5GigE Cameras
The first models of the new Triton2 2.5GigE camera family are now
available for order. These include the Sony Pregius S 5.0 MP
(IMX547), 12.3 MP (IMX545), and 24.5 MP (IMX540) CMOS image
sensors. You can easily upgrade your 1GigE cameras to 2.5GigE with
the cost-e�ective and compact Triton2, which delivers higher
bandwidth without compromising on size or thermal
management.

Lucid
https://thinklucid.com/triton2-gige-machine-vision/
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FOR NONCONTACT SURFACEe
CHARACTERIZATION OFe
MANUFACTURED MATERIALS

Exploring Integrated
Optical Inspection Systems

Coordinate measurement machine (CMM)-based systems are o�en used for o�line and at-line quality
inspection. However, CMMs rely on robot arm movement and touch-probe data acquisition, which makes them
slow and expensive systems.

As an alternative to CMMs, production engineers have the option of deploying versatile, noncontact optical
inspection systems that allow for the implementation of first-article or random part inspection in a fast,
nondestructive way and at roughly half the price of a CMM-type or other NIST-certified metrology system.

Noncontact Optical Inspection
Such systems provide noncontact surface characterization and reporting of multi-layered, textured, mixed,
and a wide range of other manufactured materials. These systems are able to leverage di�erent scanning
technologies for maximum versatility, such as line confocal and laser profiler sensor technology to scan
surfaces with submicron precision, and at a level of quality and speed that outperforms competing
technologies.

Technology Advantages: 
Integrated Line Confocal And Laser Line Pro�ler Sensor Technology

1. Integrated Line Confocal Imaging
3D line confocal sensors leverage a patented optical technique where white light emitting from a sensor s̓
transmitter is split into a continuous spectrum of wavelengths. The reflected wavelengths that are “in focus”
return to the sensor s̓ optical receiver that maps wavelength variation to height or distance variation. The
sensor s̓ o�-axis design allows it to simultaneously carry out 3D topography, 2D intensity, and multi-layer 3D
tomography scanning.

Sub-micron Z precision

Handles wide variety of material types

Fast scan rates (max 16000 Hz)

Simultaneous generation of multiple profiles on multi-layer structures

Dual-axis arrangement enables multi-layer (tomography) scanning

3-in-1 Imaging Capability
When running 3D line confocal sensors, an optical inspection system can generate 3D topography (3D surface
geometry), 3D tomography (multi-layer 3D geometry and 2D intensity), and 2D intensity data simultaneously.

Line confocal scanning avoids unwanted reflections from shiny metal surfaces and the o�-axis arrangement is
what permits multi-layer (tomography) scanning.

3D tomography scanning can be used to evaluate the physical properties of bonded glass elements

3D topography can be used for geometric dimensioning and surface and material layer defect detection

2D imaging can be used for simple object and defect detection

Multi-Layer 3D Profiling Capability
3D line confocal sensors contain embedded fast signal processing units, which detect all the surface layer 3D
profiles in tomographic images. The height information of each measured data point can then be processed in
calibrated micrometers. Finally, the intensity of every detected surface point is calculated at high resolutions.

Surface Defect Detection
3D line confocal sensors can be used in an optical inspection system for quality control of hybrid electronics
and coated, transparent substrates to detect defects such as:

Delaminations

Scratches

Impurities

Air gaps

Bubbles

2. Integrated 3D Laser Line Profiling
System support for integration with 3D line confocal sensors provides the production engineer with maximum
scanning versatility. These high-speed sensors project a laser line onto the target, rapidly generating multiple
profiles to form a high-resolution 3D image of the object, which can then be used for measurement,
inspection, and metrology reporting.

Optical Inspection System Components
Noncontact optical inspection systems are composed of high-precision encoders, vibration-free movement,
and automated stitching so�ware to scan challenging materials–at large fields of view––in a variety of o�line
and at-line inspection and laboratory and R&D processes.

The system includes a vacuum table, industrial PC (with onboard motion path planning and standard
inspection so�ware), display, keyboard, mouse, joystick, and calibration block. Its surface characterization
capabilities include part alignment, automatic feature detection and profile extraction, multi-coordinate
measurement, Geometric Dimensioning and Tolerancing (GD&T), surface roughness analysis, and more.

1. Integrated Hardware Platform - High-precision and vibration-free motion system

High resolution (0.4µm) encoders for X, Y, Z axis

High-performance servo driver

Vibration-free marble table

Multi-coordinate controls allow for easy part positioning and programming

2. Integrated So�ware Platform

All-in-one so�ware platform has a user interface that makes inspection fast, easy, and flexible

O�ers a multitude of feature detection and construction tools that enable automatic extraction of part
geometry

Generates a metrology report (see Fig.1) for surface characterization analysis

Figure 1

Surface Characterization Applications With Smart 3D Line Confocal Imaging (LCI)
Surface Roughness

In many manufacturing applications it is necessary to systematically inspect surface roughness in order to
ensure tight manufacturing tolerances are met. A noncontact optical inspection system leveraging LCI
technology delivers nondestructive, ultra-fast scanning and analysis of surface microtopography with real-
time reporting for a range of automated production processes.

Surface roughness of silver epoxy pad

Multi-Layered Cell Phone Display Glass

The combination of 3D tomography (multi-layer) and 2D intensity imaging is used to identify defects such as
delamination, scratches, or dust on the surface of laminated glass, mobile phone displays, or any other type of
transparent multilayered material like sealed medical packages.

And, contrary to other types of imaging systems, line confocal sensors detect not only the location of the
defect, they also identify in which layer the defect exists. The sensor even measures the dimensions of the
defect down to the sub-micron level.

Multi-layer cell phone display glass inspection with LCI

PCB-to-Chip Solder Ball
There are thousands of tiny solder balls on the PCB board for connecting the chip and the PCB. In the past, it
would take significantly more time to measure these solder balls with a microscope. With noncontact optical
inspection, you can complete the measurement of all solder balls in just minutes. Measurements include ball
height, spacing and X/Y position, and defects (e.g. shape or missing material on the topmost region of the
solder ball).

UV Protective Glue Surface
UV protective glue adhesive strengthens the bonding of ICs (integrated circuits) and FPC (flexible printed
circuit) substrates and makes the assembly waterproof, dustproof, and protects against salt spray. Usually the
UV protective glue is transparent, which makes it di�icult for other optical metrology systems to inspect the
dimensions or defects of the glue.

With noncontact optical inspection leveraging LCI, you can accurately measure and inspect the 3D glue height
and volume before it is cured, which prevents the occurrence of excess adhesive volume or broken glue beads.

Medical Seal
LCI-based noncontact optical inspection provides a powerful method for automated medical seal verification.
This technology develops high resolution 3D and 2D scan data of the internal structure of the blister pack
layers and pouches commonly used in medical packaging. With multi-layer data acquired from inline scans of
the sealing regions, defect detection so�ware can isolate contamination and air gaps, flag incomplete sealing,
and detect defects such as wrinkles and burn marks.

Automated inspection of pharmaceutical and medical packages

High resolution 3D images of transparent seal layers

Fast, noncontact, nondestructive optical verification

Detects internal seal defects invisible to the human eye

User programmable to handle di�erent material types

Semiconductor
LCI-based optical inspection delivers precision 3D scanning and inspection at various stages of the
semiconductor fabrication process for maximum product quality and optimal production throughput.

Wafer sorting

Wafer dimensional characterization and defect detection a�er scribing

Characterization of BGA and PGA position, height, and radius during assembly and test IC

Characterization of silver epoxy during die application

Defect detection in wire bonding process

Dimensional characterization during ball-bumping process and final packaging

Multi-substrate defect inspection and metrology

Advanced surface inspection of compound semiconductor materials

Defect inspection on SiC and GaN substrates

Hard disk drive media and substrates defect inspection, topography measurement, and classification

High throughput defect inspection for large and irregular shaped substrates

Unpatterned wafer flatness measurement

Wafer warp/bow inspection

Wafer edge roll-o� inspection

Wafer edge geometry measurement and defect detection

Sub-micron (i.e. deep) surface defect detection

Global and local wafer topography measurement

Battery Weld Seam
With a noncontact optical inspection system you can quickly measure dimensions (e.g. correct height and
volume) as well as identify defects in the battery weld seam including breakages, overflow, o�set, cracks, air
holes, excessive roughness, discoloration, and more.

Why Choose Noncontact Optical Inspection?

Metrology Reporting
Production engineers need to generate a “report card” of parts (first-article or random) they have pulled o�
the production line in order to measure relative di�erences in shape from part to part or compared to a
“golden” master part. The so�ware that comes with a product is able to generate a metrology report with the
same requirements as those generated from competing technologies.

Specialized Measurement Capabilities
Leveraging a patented line confocal sensor technology, an LCI-based platform is capable of delivering high-
precision 2D/3D surface characterization of multi-layered, transparent/translucent, and curved-edge
materials.

Automated 3D Image Stitching
Noncontact optical inspection provides the ability to automatically stitch multiple 3D images means you can
achieve multi-sensor results with a single sensor. This saves you the time, e�ort, and cost of having to acquire,
setup, synchronize, and manage multiple sensors on your own. The motion system is even able to stitch 3D
images in the X, Y, and Z directions.

Also Suitable for R&D Projects
In addition to QC applications, noncontact optical inspection can also be used by lab and R&D engineers for
rapid GD&T surface characterization in prototype evaluation, or to verify supplier specifications (e.g. on an
internal component that is integrated into a larger assembly).

Photo Source: LMI Technologies
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Quality Inspection With

AI Vision
WHAT TO KNOW BEFORE YOU START
USING IT. By Heiko Seitz

It sounds so simple! With little e�ort and training, an artificial intelligence learns to identify product
requirements. Scratches, cracks, shape defects and other object errors are detected reliably and without tiring.
Subsequently, the respective products can be sorted out before they go to the customer or are further
processed. There is no doubt that automated, image-based quality control with artificial intelligence o�ers
many advantages over manual checks by humans or even classic machine vision approaches based on
predefined rules. So many benefits - so why is the technology still in the early stages of growth? One of the
biggest problems with current AI vision is the lack of experience among users. AI vision technology
encompasses so many new methods and subcomponents that companies—especially small midsize companies
—o�en donʼt know which ones are suitable for them. O�en they do not have the time, manpower or courage at
all to evaluate the new technology in detail in all its facets.

There is also o�en the question of whether AI vision is even suitable for a particular task or can solve it.
Unfortunately, this hen-egg problem too o�en leads to the technology not being evaluated at all. Certainly,
the technology still has to mature, especially in the industrial environment, in order to reach an acceptance
level like the proven classical image processing methods. On the other hand, there are already user-friendly
so�ware tools that enable even users without experience to evaluate their applications with AI vision and
implement them intuitively.

Bene�cial Di�erences
The fact that AI-based methods work in a completely di�erent way than rule-based approaches is their greatest
advantage. This enables providers to develop entirely new tools for image processing that can be used much
more intuitively. They can already be used to transfer human quality requirements to AI-based image
processing systems through machine learning in order to optimize and automate processes. O�en, not a single
line of source code needs to be written in the process, making AI vision suitable for entirely new target groups
that no longer necessarily need to have programming skills. Feasibility analyses can thus be carried out by the
employees who themselves have the most knowledge of products and their special features; companies are
thus no longer necessarily dependent on programmers and image processing experts in the evaluation phase.

Indescribably Simple
Let s̓ look at the strengths of AI-Vision with the following application example from one of IDS s̓ customers.
Rotatable axles are o�en secured with snap rings. However, only a ring fully engaged in the axis slot ensures a
100% secure connection. A faulty fit can result in product damages. The task for quality assurance seems
simple. Check that the ring is properly engaged! The fact is, however, that this test is still performed by
humans, as no safe automation solution has yet been found. Tests with rule-based image processing could
only ensure whether the snap ring was present or missing. At best, it was possible to determine whether the
“ears” of the snap ring were further apart than they should be. However, this does not necessarily mean that
the snap ring is securely engaged! It could also just be lying on top! The marginal image di�erences in the error
case could be described only with di�iculty rule-based.

A feasibility analysis using machine learning methods showed that only a few image examples of correct and
incorrect cases, in this scenario just under 300, were required to train a neural network that could predict the
incorrect seating of the snap rings with a high degree of confidence. Manual visual inspection was thus only
necessary for very few uncertain results.

Probably Involuntary
How good a neural network works through its training can be validated by tests with sample images. A test run
with images of known error classes provides information about the learning accuracy and the quality of the AI
results. The more clearly the probabilities for GOOD and BAD cases di�er from each other, the clearer a decisive
threshold between GOOD and BAD can be defined in order to generate as few incorrectly recognized GOOD or
BAD cases as possible later in productive operation. The variance of the GOOD probabilities determined during
the test also helps to optimize the production environment. A�er all, the less the environmental conditions
and thus irrelevant image content vary, the more concrete quality statements can be made about the relevant
distinguishing features in the AI analysis.

Figure 1 The validation of a trained CNN with test data of known error classes show on the one hand how well the network
identifies errors and furthermore how much the results vary.

Incredibly Explainable
The fact that AI quality decisions are not traceable through a clearly defined set of rules and the algorithm is
more like a black box does not mean that results cannot still be explained. Tools such as attention maps or
anomaly maps visualize where the pixels relevant for predictions are located in the image and to what degree
they contribute. In the case of our blast ring inspection, these overlays point to the relevant features of the
known defect classes as expected. Especially with anomaly detection, this allows us to sort out unknown, and
thus untrained, defect cases. This proves that machine learning methods are also capable of using more than
the trained knowledge of known features and can precisely signal unknown, emerging problems. As an
example, an out-of-focus camera image caused the anomaly map to mark deviations in several places.

Figure 2 Attention Maps show relevant image pixels and thus visually explain how AI predictions are produced.

Forward-Looking
Anomaly detection thus brings another advantage for quality assurance that would not be so easy to realize
with rule-based image processing. The decisive factor here is the ability to detect any deviation from the
normal case, even those that are underrepresented in the training. In other words, those that were not
planned at all. So, where other methods become uncertain about something “unknown,” sometimes even fail,
this method is highly certain that nothing remains hidden. And that includes everything that may occur at
some point during normal operation. Continuous data about a system condition, for example in the form of
increasing product defects or deviations, i.e. anomalies, enables one to determine an optimal time to maintain
a system before product quality drops too low or a worst-case scenario such as a plant failure occurs.

Figure 3 Increasing anomaly errors may indicate degradation of a plant condition due to tool wear, dirt  or other disturbances.

User Friendly Tool
AI vision can be used in many ways in quality assurance and can extend or improve existing applications. It is
important to proceed step by step. A feasibility analysis in advance helps to clarify whether a task can actually
be processed with AI vision, even before a lot of money and time has to be spent on expert personnel,
knowledge building and AI systems. User-friendly so�ware tools that enable an initial evaluation purely based
on images and even in the cloud are already helping to do this today. This requires neither a real vision system
with AI capabilities nor a separate training platform. This greatly reduces the investment risk. Intuitive user
interfaces and easy-to-understand workflows and wizards can also create an easy entry point for users who do
not yet have much experience in AI or image processing and application programming.

Nevertheless, AI vision requires a certain understanding of what suitable visual material must look like for
e�ective training. This is the prerequisite for drawing trustworthy conclusions later on, which can be evaluated
in a comprehensible way. It is also important to bring experienced partners on board who not only promise you
the best AI system, but can look at and support the entire workflow of machine learning-based quality
assurance. Full support from a single source is also a component of success in the AI vision environment that
should not be underestimated. The use of AI vision in quality assurance is therefore perhaps not quite as
simple as one is told everywhere, but it is certainly simpler than is o�en assumed.

Photo Source: IDS Imaging Development Systems GmbH

Heiko Seitz, technical author, IDS Imaging Development Systems GmbH. For more information, call
+49 7134 96196-0, email h.seitz@ids-imaging.de or visit www.ids-imaging.de.
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The Changing Face of

Smart Cameras in
Machine Vision
BEYOND THE GROWTH IN APPLICATIONS BROUGHT
ABOUT BY IMPROVEMENTS IN CMOS SENSOR
TECHNOLOGY, ANOTHER SIGNIFICANT TREND IS
THE INCREASE IN APPLICATIONS THAT EXTEND
BEYOND THE VISIBLE SPECTRUM. By Genevieve Diesing

A smart camera in the machine vision market is defined by its system architecture, experts say.

Specifically, a smart camera packages an imaging sensor, sensor interface, computer, and I/O interface into a
single package.

The biggest change in camera technology has been the significant improvements in complementary metal
oxide semiconductor (CMOS) image sensors, both in terms of image quality and pixel size, says Rich Dickerson,
manager, marketing communications, JAI Inc.

“The latest sensors are able to fit nearly 25 million pixels into an area less than 15 square millimeters, while
o�ering lower noise and higher dynamic range than previous generations of much larger sensors,” he says. This
has enabled cameras to shrink in size while simultaneously increasing the level of details they can “see,”
opening the door to more applications, especially in robotics, autonomous vehicles, and life sciences, in
addition to more traditional industrial uses, he adds.

Smart camera technology has been in continual advancement for decades now, says John DeWaal, president,
CoastIPC.

For example: Smart cameras now o�er higher resolution sensors (some o�er 32 megapixels or more); they
continue to provide more processing power in smaller packages; integrated illumination has become standard
as an option; and smart cameras that support deep learning are now common. Additionally, smart camera
architecture has expanded beyond grayscale/area imaging, and systems now are available that incorporate
color, linescan, and even 3D imaging, he says.

“Smart cameras are a mainstream component in machine vision technologies,” DeWaal says. “One market
trend has been the advancement of these components for specific markets, notably in recent years logistics
and warehousing.”

At the high level, cameras are getting faster, backend memory is growing, transfer protocols are becoming
faster and more compact, backend hardware is becoming more plug-and-play, and machine vision control
so�ware options are now capable of controlling GenIcam compliant cameras, says Kyle D. Gilroy, applications
development manager, Vision Research - Phantom Cameras.

Beyond the growth in applications brought about by improvements in CMOS sensor technology, another
significant trend is the increase in applications that extend beyond the visible spectrum, Dickerson says.

“Thanks to the availability of new UV-sensitive cameras, as well as multispectral cameras spanning visible, near
infrared (NIR), and short-wave infrared (SWIR) wavebands, vision system designers have been able to create
systems that utilize previously hidden information to improve the detection of defects, or to sort materials
(such as plastics recycling) that were di�icult or impossible to sort using only visual information,” Dickerson
explains. Additionally, the machine vision industry is seeing a significant trend towards the use of machine
learning vs. rule-based approaches for certain types of applications.

“This is enabling vision systems to achieve high success rates on some applications where traditional rules-
based algorithms were failing,” Dickerson says. “But generating and deploying e�ective sets of training images
for these deep learning systems remains a big challenge and is something that will no doubt get a lot of focus
over the next few years.”

How smart cameras/vision sensors impact quality and safety
The impact of cameras on quality comes mainly from catching more defects in a consistent, repeatable
manner, says Dickerson.

“Quality teams typically know what issues they want to avoid,” he says. “But demands for increased
throughput or greater product complexity can make it di�icult to catch defects using human inspectors
alone.”

Machine vision systems, however, can handle repetitive tasks quickly, without boredom or fatigue, and can
even see things that humans canʼt using non-visible imaging, such as NIR or SWIR. They can flag borderline
issues for human review and can free up human resources to focus on more strategic issues like developing
corrective actions for frequent issues.

“For machine vision systems to do this starts with high quality images that can be e�iciently analyzed by
computer algorithms,” he explains. “The combination of cameras, lenses and lighting become the key factors
in making this possible.”

For decades, automated imaging has improved processes, boosted e�iciency, and lowered costs in
manufacturing, DeWaal says. The ways the technology is applied are diverse — ranging from enabling “robots
that see” for a variety of tasks to direct defect or assembly inspection as an in-line validation of a production
process, he says.

“The impact of smart cameras on quality in a manufacturing environment is not unique to this component but
is just part of the diverse value proposition for imaging overall in industrial automation,” DeWaal adds.

Machine vision cameras o�en play a role in product quality, especially in applications where high-speed vision is
a requisite for troubleshooting, Gilroy says. “Ultimately, cameras are deployed to optimize or enable a given
process,” he adds. “Investment in an imaging system, built to deliver live data in slow motion, results in a
significant drop in machine downtime as less discovery time is required through troubleshooting and
attempting to recreate a fatal error.”

The pandemic’s impact
As with many industries, the pandemic has had a major impact on camera manufacturers and other machine
vision vendorsʼ supply chains.

“Initially, the shutdown of various semiconductor foundries caused a shortage of some key parts and this in
turn caused some component manufacturers to accelerate their discontinuation plans for other key parts,”
Dickerson says. “The result was that many camera companies were forced to delay the manufacturing of some
camera models and redesign others – causing even greater delays.”

Demand for cameras has remained remarkably steady throughout the pandemic and companies have worked
diligently to keep projects moving, Dickerson adds. While some e�ects of this disruption are still lingering, the
situation is much better today than it was a year or two ago, he says. “And at JAI, the increased focus on supply
chain issues over the past three years has resulted in a number of improvements that have made our
manufacturing processes even better than they were before,” he adds.

Ongoing worker shortages —not caused by but exacerbated by COVID-19 — are driving global demand for
automation in general, DeWaal says.

“The deficit of labor in manufacturing has been documented as rising significantly for the past decade, with no
observable end in sight,” DeWaal explains. “The trending great resignation, with workers changing jobs or even
taking themselves out of the workforce, also contributes to the problem.”

This further drives the need for automation, which DeWaal says is “at a peak” and wonʼt recede soon.

“Robotics and machine vision, including smart cameras, are technologies that can fill this need,” he adds. “The
result is continued predicted growth for these technologies.”

Opening Image: In this automated inspection system, industrial cameras, robots, flexible part feeders, machine vision so�ware,
and a powerful industrial PC combine to inspect 15 di�erent automotive part types.  Source: Skye Automation Inc.

Genevieve Diesing is a contributing editor for Quality.
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MACHINE VISION 101VISION  &  SENSORS

COMPLEX MACHINE VISION INSPECTION
SYSTEMS HAVE BECOME A KEY COMPONENT
OF THE MANUFACTURING PROCESS.
By Glen Ahearn

System
Integration:
Consolidating Vision Systems into
the Manufacturing Process

Steady and consistent quality inspection plays a pivotal role in the manufacturing process. An increasing
number of manufacturing plants are being fitted with multiple machine vision inspection systems to cover the
entire production chain, ensuring higher-than-ever levels of quality. The automated exchange of consistent
information between these di�erent systems in a manufacturing environment is the essence of system
integration, allowing for improved productivity and quality, reduction in cost and waste, and overall
innovation. In my role as sales and application support manager, I work with many of the systems integrators
who rely on our products to support their development of vision systems. We sat down with Dr. Arun Dalmia,
founder and president of Active Inspection, a systems integrator based in Grand Rapids, MI, to ask him some
questions on how system integration has helped his clients build robust and sustainable manufacturing
processes and how the role of systems integrators is evolving.

Active Inspection has been in business for over two decades designing and developing industrial machine
vision and machine learning solutions. Alongside supplying a suite of standard vision systems, they also build
custom vision systems to provide solutions for more complex problems.

Active Inspection provides solutions using vision systems including aerial, line scan, 2D and 3D, color,
monochrome, visible spectrum, short wave, infrared, and ultra.

Explain to us how a systems integrator works with a customer.
Our first interaction with a new customer centers around understanding their requirements and needs, and
more importantly discovering the problems they face with their current setup. Figuring out which part of the
problem we can e�ectively solve is the next order of business. We analyze to see if it is logical and realistic to
solve the problem they are trying to solve, based on the technology, the hardware, the so�ware, and even their
budget limitations. Being transparent and honest about how e�ective the solution will be given these
constraints is essential.

A�er the initial assessment, we move to provide a plan for an end-to-end solution, picking the right technology
components—the camera, the lighting, controls, so�ware libraries, interfaces, etc. We provide a proof-of-
concept, a feasibility study, to show the components we have chosen would work for them. Therea�er we
move on to implementing, installing, training the customer, and providing the product lifetime support. Our
company and our team of engineers are very responsive to our customers. We work very closely with them to
ensure that all their needs are met, which I believe is a very critical part of the integration process.

What types of applications are you asked to build systems for most often?
We provide a lot of our expertise to line scan applications. We work with a wide variety of industries from
automotive to pharmaceutical to continuous/web inspection for film, plastic, and paper, to food processing.
Our work in deep learning applications is growing too. Where classic image processing and machine vision tools
fail, we find deep learning is able to provide good solutions. We are also relying more on high-speed video
recording and diagnostic systems.

Please tell us more about the high-speed video recording and diagnostic systems.
With manufacturing happening at higher and higher speeds (up to two, three and five parts per second), our
systems are able to capture between 500 to 2,000 frames per second, something even the human eye cannot
register. With AI replay, which is the ability to scroll back the video on the production process, the information is
invaluable. We can create a large bu�er and go back anywhere between five minutes to five hours of the
recording, analyze frame by frame and pinpoint exactly where in the process the problem occurred and what
caused it.

How is technology driving better systems?
About one-third of Active Inspection s̓ e�orts are dedicated to R&D. We work with some large automotive and
pharmaceutical companies who are trying to push the technology envelope. They present us with common
problems that do not need to be fixed in short term, but they are interested in a solution in the next two to
three years to better streamline their production process.

We work with these clients to develop new, custom solutions for them or try to evaluate what is feasible. These
are tougher problems that typically do not fall into very standard system integration. Because we are not a
“standard system integrator” and are able to provide a lot of so�ware development capability, we are able to
fill in a lot of gaps. There was a time when we wrote so�ware from scratch, but now our goal is to license or
purchase as many of the components that are available. At the same time, we have the capability to go deep
into these gaps and fill them with some custom solutions.

When you started Active Inspection did you see an opportunity in the market and decided
there aren’t enough systems integrators who take it to that next step with R&D?
Yes, the one gap we see is that typical system integrators tend to use o�-the-shelf cameras that come with their
own set of tools. The available solutions tend to be a selection of ready components and existing tools. At the
most, they customize panels and electrical and add a mechanical converter. But in terms of core machine
vision and so�ware, their contribution is limited, resulting in a limited solution.

For a company like Active Inspection, with a strong machine vision and so�ware background, we can fill in
some of the gaps. Using custom algorithms or custom development we are able to provide better solutions.
Another factor that is coming into play now is the progress in camera technology. Twenty years ago, the camera
was a stand-alone component that took a picture of a part and sent a signal to a receptor to register whether
the part was good or bad. Today we are dealing with complex integrated systems. The information comes from
a level two control system, where detailed information such as hours of production, particulars of the parts in
production, etc., are relayed.

When integrated with a PLC, the system can trace the number of parts that were made that day and register the
number of rejected parts from that batch. At a later date it will be possible for the system to trace back the data
from that day and see why the parts were rejected, what was the problem, what the rejected parts looked like,
and even details about their size and measurement. This level of detail can be useful to a line supervisor to
study the defects and rectify the cause of the problem.

Going up the chain, we can even create interfaces through web technology or mobile technology where a plant
manager is able to access some amount of this quality data. Today, quality data is accessible to di�erent levels
in the organization, delivering the information they need in a timely manner.

How has systems integration changed over the last decade?
Three decades ago, when I started in the industry, vision systems, even basic inspection systems, were not a
necessary component of the process, rather it was added as an auxiliary piece. Today, complex machine vision
inspection systems have become a key component of the manufacturing process, to a point that if the vision
system fails or is not functional, production is stopped until the problem is fixed. With manufacturing
happening at such high speeds with massive outputs, a small defect that is not caught on time can prove very
costly.

Do some industries rely on integrated machine vision systems more than others? Are you
seeing its use in new applications?
Some industry segments widely use machine vision on a routine basis, and others are still to be introduced to
the technology. But definitely, awareness is building about its usefulness and many more industries are
adopting vision systems as a part of their manufacturing and quality control processes.

The automotive industry is a very large consumer of machine vision, using thousands of cameras along their
production lines, each camera doing specific tasks and error-proofing at every step of automation. Historically,
machine vision was used as a final quality check at the end of production. The goal today is to catch the error
or defect as early as possible so as not to waste resources, particularly in high-speed and high-volume
production setups. In this age of 100% quality inspection, error-proofing at every stage allows for fewer
production jams and more productivity, while avoiding waste of material and time.

One industry that adopted automated inspection and automation later is the food processing sector. This is a
labor-intensive industry, but we are now seeing that they are opening up to adopting machine vision or
inspection automation more and more.

Can you touch upon the cost involved in integrating machine vision systems?
Historically a fully installed machine vision system could have cost between $500,000 and $1,000,000. Now,
thanks to technological advances and the volume production of cameras costs have come down, and an
investment of $50,000 and $100,000 would get you a high-end vision system. The cameras of today come for a
third of the price and o�er five times higher performance and bandwidth. Smaller manufacturers, in many
industry segments, are now able to justify the ROI on a system in shorter time periods and are seeing the value
in adopting machine vision systems.

All Images Source: Active Inspection

Glen Ahearn is a sales and applications support manager at Teledyne DALSA. He has been in the vision industry
for 33 years and worked for companies that pioneered developments in the vision industry. For more information,
visit www.teledynedalsa.com.
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Accurate Technology (ProScale)

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

 sales@proscale.com 
 www.proscale.com

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

Gage manufacturer for length, width, thickness measurement of big products. Since 1989, we have made

simple encoder and complete turnkey solutions for measuring tubes, extrusions, shafts, sheets, panel

goods, wire assemblies, tiles, and much more. Ranges up to 30 feet, accuracy to +/-.002 inches. We also

manufacture linear encoders for thousands of applications. Proudly Made in USA

 

**Product Categories**

INSPECTION EQUIPMENT

Readout Devices, Digital

Sensors

Sensors, Capacitive

Sensors, Inductive

Video Inspection Systems

 

MEASUREMENT EQUIPMENT

Automatic Gaging & Sorting Systems

Dimensional Measurement Equipment

Encoders

Gages

Gages, Electronic

Gages, Handheld, Dimensional, Fixed & Variable

Gages, Height

Gages, Length of Travel

Measuring Machines

Noncontact Measurement Equipment

Readout Devices, Digital

Stages, Coordinate Measuring Equipment

Turnkey Gaging Systems

 

TESTING EQUIPMENT

Transducers

Transducers, Linear Displacement
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American Institute of Nondestructive Testing

8055 Industrial Park Rd.
 Baxter, MN 56425

(218) 270-3182
 don.booth@trainingndt.com

 https://www.trainingndt.com

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

The American Institute of Nondestructive Testing offers online and hands-on training in RT, UT, ET, MT,

PT and VT nondestructive testing methods. Let us customize an NDT training program that �ts your

company's needs. We offer training online, at your facility or at our 10,000 Sq Ft facility.

 

**Product Categories**

NDT Training

 

Click Here

BACK

https://www.trainingndt.com/
mailto:don.booth@trainingndt.com?Subject=Request%20from%20your%20Quality%20NDT%20Sourcebook%20listing
https://www.trainingndt.com/
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Arcadia Aerospace Industries

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

(800) 370-2821 
 info@arcadiaaerospace.com 

 https://www.arcadiaaerospace.com
 

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

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

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

engineering, measurement and special process manufacturing.

**Product Categories**

Calibration Services, Materials Test Equipment

Immersion Tanks

Materials Testing Services / Labs

NDT Lab Services

NDT Scanners

Phased Array Ultrasonic Imaging

Robotic Inspection Systems

Ultrasonic Test Equipment, Inspection System

Click Here
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DWFritz Metrology

9600 S.W. Boeckman Rd.
 Wilsonville, OR 97070

(810) 348-5485
 zerotouch@dwfritz.com

 https://www.dwfritz.com

 

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

At DWFritz (a Sandvik company), we manufacture ZeroTouch®, a family of non-contact, high-speed

inspection products. These products have been manufactured for in-line or near-line measurement

processes for multiple industries, including automotive, aerospace, orthopedic, and a wide variety of

other industries. The level of precision and reduced inspection cycle times has produced a signi�cant

value for our customers.

 

**Product Categories**

INSPECTION EQUIPMENT

Gear Inspection System

 

MEASUREMENT EQUIPMENT

Dimensional Measurement Equipment

Gear Measurement Equipment

MultiSensor Measuring Machines

Noncontact Measurement Equipment

Optical Measurement Equipment
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Geoform Inc.

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

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

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

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

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

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

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

 

**Product Categories**

CALIBRATION SERVICES

CMM First Article Inspection Calibration

Form/Shape/Surface/Contour Calibration

 

MANAGEMENT SERVICES

Capability Studies & Statistical Analysis, Gage R&R

Capability Studies & Statistical Analysis, PPAP

Capability Studies & Statistical Analysis, SPC

Laboratories

Management Service Certi�cation

 

TESTING / INSPECTION / MEASUREMENT SERVICES

3-D Measurement Services

CMM Inspection Services

Coordinate Measuring, Inspection Services

Dimensional Inspection Services

First Article Inspection Services

Form & Roundness Testing Services

ID/OD Measurement Services

Laser Inspection Services

Metrology Services

Noncontact Inspection Services

Part & Tool Inspection Services

Reverse Engineering Services
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InnovMetric

2014 Cyrille-Duquet, Ste. 310
 Quebec, QC G1N 4N6

 (418) 688-2061
 support@innovmetric.com

 https://www.innovmetric.com

 

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

InnovMetric is the pioneer of point cloud-based inspection and invented the concept of a universal 3D

metrology software platform. Delivering the highest quality of products and services is our main focus to

help you achieve your business objectives. We contribute to the success of the industrial manufacturing

companies worldwide.

 

**Product Categories**

SOFTWARE

CAD/CAM

CMM Programming/Simulation

DMIS/Computer & CAD Based Inspection

Data Collection & Mining

Geometric Dimensioning & Tolerancing (GD&T)
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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 SERVICES

Calibration Labs

Dead Weight Tester Calibration

Dimensional Measurement Equipment Calibration

Durometer Calibration

Force Calibration

Gage Block Calibration

Hand Gage Calibration

Hardness Tester Calibration

Surface Plate Calibration

Torque Calibration

 

TESTING / INSPECTION / MEASUREMENT SERVICES

Dimensional Inspection Services

Mechanical Testing Services

Metrology Services

Repair Services

Thread Inspection Services

 

Click Here
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 (316) 777-9300 
 sales@ledfordgage.com 
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LK Metrology Inc.

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

 United States
 Phone: (810) 263-6100

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

www.lkmetrology.com

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

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

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

of manufacturers, both today and in the future.

 

**Product Categories**

MEASUREMENT EQUIPMENT

Coordinate Measuring Machines (CMM)

Coordinate Measuring Machines (CMM), CNC/DNC

Coordinate Measuring Machines (CMM), Calibration Services

 

CALIBRATION SERVICES

CMM Calibration

 

TESTING / INSPECTION / MEASUREMENT SERVICES

CMM Inspection Services

 

SOFTWARE

DMIS/Computer & CAD Based Inspection
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Mark-10 Corp.

11 Dixon Ave.
 Copiague, NY 11726

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

 www.mark-10.com

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

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

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

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

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

 

**Product Categories**

MEASUREMENT EQUIPMENT

Calibration Equipment

Calibration Equipment, Force

Dynamometers

Gages

Gages, Force

Gages, Strain

Indicators

Indicators, Torque

Load Cells

Meters, Tension

 

TESTING EQUIPMENT

Adhesion & Bond Strength Testers

Bond Testers

Compression Testers

Creep Testers

Flexure Testers

Friction Testers

Materials Test Equipment

Nondestructive Test (NDT) Equipment

Plastics Test Equipment

Shear Testers

Spring Testers

Stands, Test

Stiffness Testers

Tear Testers

Tensile Testers

Torque Calibration Equipment

Torque Measuring Equipment

Torque Tools

Torsion Testers

Transducers

Transducers, Torque

Universal Testing Machines

Wire Crimp Pull Tester

 

CALIBRATION SERVICES

Calibration Labs

Gage Repair

 

TESTING / INSPECTION / MEASUREMENT SERVICES

Repair Services
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  MARPOSS

3300 Cross Creek Pkwy.
 Auburn Hills, MI 48326

 (248) 364-4252
 marposs@us.marposs.com 

 www.marposs.com

 

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

Marposs, founded in 1952, has distinguished itself by supplying advanced solutions that improve quality

and productivity while reducing manufacturing costs through technologies such as process control,

machine tool monitoring and precision gauging, as well as leak testing and automated assembly and

control lines. A long-time key supplier to the automotive and aerospace markets, Marposs’ growth

strategy includes the acquisition of high-quality companies that offer innovative products

complementary to its portfolio, enabling penetration into new market sectors. The Group currently has

over 3700 employees worldwide and is present in 25 countries through more than 80 of�ces.

 

**Product Categories**

INSPECTION EQUIPMENT

Gear Inspection System

Readout Devices, Digital

 

MEASUREMENT EQUIPMENT

Analog Indicators

Automatic Gaging & Sorting Systems

Coordinate Measuring Machines (CMM)

Coordinate Measuring Machines (CMM), Probes & Styli

Cylindricity Measurement Equipment

Data Collection Equipment

Detectors, Broken Tool

Dimensional Measurement Equipment

Dosimeters

Electrostatic Discharge (ESD) Prevention Devices & Equipment

Fixtures, Gaging

Gage Masters

Gages

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, Laser

Gages, Laser Pro�ling

Gages, Plug & Ring, Cylindrical

Gages, Plug & Ring, Thread

Gages, Spline

Gages, Thickness, Electronic

Gages, Thickness, Noncontact

Gages, Thread, Indicating

Gear Measurement Equipment

Geometry Measurement Equipment

Indicators

Indicators, Dial, Contact Points

Indicators, Mechanical Dial & Electronic

Laser Measurement Systems

Laser-Based Measurement Equipment

Micrometers

MultiSensor Measuring Machines

Noncontact Measurement Equipment

Optical Measurement Equipment

Optical Scanners

Probes

Probes, Touch-Trigger

Probes, Ultrasonic

Process Control Equipment

Readout Devices, Analog

Readout Devices, Digital

Roundness/Cylindricity Measurement Equipment

Scanners

Scanners, Laser Scanners

Surface Analysis Equipment

Surface Measurement Equipment

Surface Contour & Pro�le

Surface Finish & Texture

Surface Waviness

Turnkey Gaging Systems

 

TESTING EQUIPMENT

Eddy Current Test Systems & Equipment

Electronic Test Instruments

Leak Detection Equipment

Nondestructive Test (NDT) Equipment

Thermal Analysis Systems

Transducers

Transducers, Linear Displacement

 

SOFTWARE

CMM Programming/Simulation

Gage Calibration/Management

Gage R&R

Gage Repeatability

Geometric Dimensioning & Tolerancing (GD&T)

SPC/SQC & Statistical Analysis
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Buyers Guide Premium
Sponsorships

Matec

56 Hudson St.

Northborough, MA 01532
 (508) 351-3423

 kbishop@matec.com
 https://www.matec.com

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

Matec Instrument Companies Inc. is an industry leader in providing superior nondestructive ultrasonic

testing solutions. Matec services include applications testing; ultrasonic instruments; data collection and

analysis software; mechanical, electrical, and electronic design; and machining and fabrication. Matec’s

support services include installation and start-up, training, instrument calibration, and repair services.

 

**Product Categories**

Flaw Detectors, Ultrasonic

NDT Scanners

Phased Array Ultrasonic Imaging

Ultrasonic Test Equipment, Inspection System
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Buyers Guide Premium
Sponsorships

North Star Imaging

19875 S. Diamond Lake Rd. 
 Rogers, MN 55374 

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

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

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

for 2D Digital Radiography, 3D Computed Tomography and High Energy product testing. NSI also

develops software applications for these systems. Other services include as-needed X-ray Inspection

Services, Technical Service and NDT classroom & online trainings. 

 

**Product Categories**

3-D Imaging

Computed Tomographic Systems

Materials Analysis Equipment

Materials Testing Services / Labs

NDT Certi�cation

NDT Equipment Repair

NDT Lab Services

NDT Labs

NDT Scanners

NDT Training

Radiographic Test Systems

Robotic Inspection Systems

Training, Radiography

X-Ray Machine

X-Ray, Digital

X-Ray, Inspection Services

X-Ray, Inspection Systems

X-Ray, Tomography
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Buyers Guide Premium
Sponsorships

QC Laboratories Inc.

2870 Stirling Rd.

Hollywood, FL 33020

(954) 925-0499
 info@qclabs.net
 https://www.qclabs.net

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

Q.C. Laboratories, Inc., is an industrial/commercial non-destructive testing laboratory (NDT),

incorporated in Florida in 1965 with branches in Hollywood, Florida, and Cincinnati, Ohio. We provide

all disciplines of non-destructive testing services for industrial additive manufacturing/3D printing,

aerospace, defense, and space materials. In particular, we excel at NDT for additive manufacturing (AM)

technologies across a wide range of industries.

 

**Product Categories**

NDT Certi�cation

NDT Consultants

NDT Lab Services

NDT Labs

NDT Scanners

NDT Training

X-Ray, Digital

X-Ray, Film

X-Ray, Inspection Services
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Buyers Guide Premium
Sponsorships

Q-PLUS Labs

13765-E Alton Pkwy. 
 Irvine, CA 92618 

 (949) 380-7758 
 qplus@qpluslabs.com 

 https://www.qpluslabs.com 
 

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

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

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

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

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

 

**Product Categories**

INSPECTION EQUIPMENT

Borescopes

Borescopes, Video

Gear Inspection System

Machine Vision Equipment

Microscopes

Microscopes, General Purpose

Optical Comparator Charts

Optical Comparators

Optical Comparators, Accessories

Sensors

Sensors, Optical

Video Inspection Systems

Videoscopes

Vision Inspection Systems

Vision Inspection, Components/Peripherals

X-ray Machines

 

MEASUREMENT EQUIPMENT

Analog Indicators

Automatic Gaging & Sorting Systems

CNC Controls & Digital Readouts

Calibration Equipment

Calibration Equipment, Mechanical

Calipers

Coordinate Measuring Machines (CMM)

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

Cylindricity Measurement Equipment

Dimensional Measurement Equipment

Fixtures, CMM

Fixtures, Gaging

Gage Blocks

Gage Masters

Gage Stands

Gages

Gages, Angle Measurement

Gages, Bore

Gages, Chamfer

Gages, Depth

Gages, Dial Indicator

Gages, Electronic Column

Gages, Fixed Limit (Go/No-Go)

Gages, Fixture & Special Tooling

Gages, Flush

Gages, Force

Gages, Gap

Gages, Gear

Gages, Geometry

Gages, Handheld, Dimensional, Fixed & Variable

Gages, Height

Gages, In-Process

Gages, Laser

Gages, Laser Pro�ling

Gages, Pin

Gages, Plug & Ring, Cylindrical

Gages, Plug & Ring, Thread

Gages, Thickness, Coatings - Contact

Gages, Thickness, Electronic

Gages, Thickness, Laser

Gages, Thickness, Noncontact

Gages, Thread

Gaging Accessories

Gear Measurement Equipment

Geometry Measurement Equipment

Indicators

Indicators, Mechanical Dial & Electronic

Laser Measurement Systems

Laser-Based Measurement Equipment

Load Cells

Measuring Machines

Micrometers

Micrometers, Bench

Micrometers, Thread

Microscopes, Measuring

MultiSensor Measuring Machines

Noncontact Measurement Equipment

Optical Measurement Equipment

Optical Scanners

Plates, Surface

Probes

Probes, CMM

Probes, Touch-Trigger

Roundness/Cylindricity Measurement Equipment

Scanners

Scanners, 3D Scanning Equipment

Scanners, Laser Scanners

Scanners, White Light Scanners

Stages, Coordinate Measuring Equipment

Surface Analysis Equipment

Surface Finish Equipment, Averaging

Surface Finish Equipment, Pro�ling

Surface Measurement Equipment

Surface Contour & Pro�le

Surface Finish & Texture

Surface Waviness

Tapes / Rules, Measuring

Thin Film Measurement Equipment

Turnkey Gaging Systems

V-Blocks, Straight Edge

Video Accessories

Video Machines & Systems

 

TESTING EQUIPMENT

Adhesion & Bond Strength Testers

Compression Testers

Flatness Testers

Flexure Testers

Hardness Testers

Spring Testers

Stands, Indicator

Stiffness Testers

Tear Testers

Tensile Testers

Thickness Testers

Thickness Testers, Coating

Thickness Testers, Ultrasonic

Universal Testing Machines

 

CALIBRATION SERVICES

CMM Calibration

CMM First Article Inspection Calibration

Calibration Labs

Dimensional Measurement Equipment Calibration

Force Calibration

Form/Shape/Surface/Contour Calibration

Hard Gage Calibration

Optical Equipment Calibration

Other Calibration Services

Surface Plate Calibration

 

MANAGEMENT SERVICES

AS-9100, Consulting

AS-9100, Training

Capability Studies & Statistical Analysis, Gage R&R

Capability Studies & Statistical Analysis, PPAP

Capability Studies & Statistical Analysis, SPC

ISO 13485, Consulting

ISO 13485, Training

ISO 9001: 2015, Consulting

ISO 9001: 2015, Training

Laboratories

Management Service Consultants

Other Management Services

Problem Solving

Process Control

Quality Management Services

Statistical Process Control

Strategic Quality Planning

Training & Consulting Services

Training, Geometric Dimensioning & Tolerancing

Training, Metrology

Training, Quality

 

TESTING / INSPECTION / MEASUREMENT SERVICES

3-D Measurement Services

CMM Inspection Services

CT Scanning Services

Coordinate Measuring, Inspection Services

Dimensional Inspection Services

Failure Analysis Services

First Article Inspection Services

Form & Roundness Testing Services

Gear Inspection Services

Geometric Dimensioning & Tolerancing Services

ID/OD Measurement Services

Laser Inspection Services

Mechanical Testing Services

Metrology Services

Noncontact Inspection Services

Other Testing, Inspection, Measurement Services

Part & Tool Inspection Services

Reverse Engineering Services

Spring Testing Services

Surface Finish Analysis Services

Thread Inspection Services

Vision System Integrators Services

 

SOFTWARE

Analysis/DOE

CAD/CAM

CMM Programming/Simulation

Contour Analysis

DMIS/Computer & CAD Based Inspection

Gage R&R

Gage Repeatability

Geometric Dimensioning & Tolerancing (GD&T)

Graphics

Other Software Applications

Process Control

Shape Metrology

Training

 

VISION & SENSORS

Consulting Services

Sensors

Software

Vision Systems
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Buyers Guide Premium
Sponsorships

QT9 Software

2731 Beverly Dr.
 Aurora, IL 60502

(630) 892-5022
 sales@qt9software.com

 https://qt9software.com

 

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

QT9 Quality Management Software is a user-friendly, cloud-based QMS that handles ISO 13485, 21

CFR Part 11, ISO 9001, AS9100, ISO 17025, and 21 CFR Part 820/210/211 FDA requirements. QT9

QMS eliminates all of the Excel and general paper pushing/manual work and automates your QMS with

interlinked modules.

 

**Product Categories**

SOFTWARE

APQP/PPAP

Corrective Action

Corrective Action Tracking Systems

Document Control

ERP

Failure Mode & Effects Analysis (FMEA)

Gage Calibration/Management

IATF 16949

ISO 13485

ISO 17025

ISO 9001:2015

Quality Alert Noti�cation

Total Quality Management

Training
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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 

 https://www.sigmaxl.com 
 

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

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

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

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

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

universities, and government agencies.

 

**Product Categories**

SOFTWARE

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

Test Equipment Distributors LLC

1370 Piedmont
 Troy, MI 48083
 (800) 962-1788
 sales@tedndt.com
 https://www.tedndt.com

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

Since 1971, TED has been serving the equipment, accessories, supplies, service, and repair needs of NDT

professionals in diverse industries throughout the world. TED is focused on helping clients overcome

their toughest inspection and testing-related challenges on time, within budget, and to their satisfaction.

Automated systems, cabinets, consumables, used equipment - your One Complete NDT Source.

 

**Product Categories**

Blacklight

Borescopes, Flexible

Borescopes, Rigid

Borescopes, Video

Bulbs

Computed Tomographic Systems

Crack Detection

Eddy Current Equipment, Coating Measurement

Eddy Current Equipment, Hall Effect

Eddy Current Probes, Probes & Coils, Absolute

Eddy Current Probes, Probes & Coils, Custom

Eddy Current Probes, Probes & Coils, Differential

Eddy Current Probes, Probes & Coils, Re�ection

Eddy Current Probes, Probes & Coils, Semi-differential

Eddy Current Systems, Comparators

Eddy Current Systems, High Speed Analysis

Eddy Current Systems, Single Channel

Eddy Current Systems, Sorting/Hardness

Eddy Current Test Equipment, Detectors, Crack

Eddy Current Test Equipment, Instruments, Coating Thickness

Eddy Current Test Equipment, Instruments, Conductivity

Eddy Current Test Equipment, Instruments, Corrosion Detection

Eddy Current Test Equipment, Instruments, Metals Sorting

Eddy Current Test Equipment, Microprocessor Based

Fiberoptic Inspection Equipment

Film, Radiographic

Flaw Detectors, Eddy Current

Flaw Detectors, Handheld

Flaw Detectors, Ultrasonic

Fluorescent Inspection

Fluoroscopic Systems

Hardness Test, Portable

Illuminators

Image Digitizing Systems

Image Processing Equipment

Immersion Tanks

Laser Methods, Shearography

Leak Test Equipment, Ultrasonic

Liquid Penetrant Testing, Comparator Blocks

Liquid Penetrant Testing, Developers

Liquid Penetrant Testing, Electrostatic Sprayers

Liquid Penetrant Testing, High Temperature Penetrant Systems

Liquid Penetrant Testing, Meters

Liquid Penetrant Testing, Penetrant Test Kits

Liquid Penetrant Testing, Penetrants

Liquid Penetrant Testing, Processing Equipment

Liquid Penetrant Testing, Test Panels

Magnetic Particle Testing, Automated Systems

Magnetic Particle Testing, Coils

Magnetic Particle Testing, Demagnetizers

Magnetic Particle Testing, Field Indicators

Magnetic Particle Testing, Instruments/Meters, Field Strength

Magnetic Particle Testing, Magnetic Particles

Magnetic Particle Testing, Magnetizing Equipment

Magnetic Particle Testing, Meters, Light

Magnetic Particle Testing, Rubber, Magnetic

Magnetic Particle Testing, Yokes

Mobile Labs/Dark Rooms

NDT Consultants

NDT Equipment Repair

NDT Scanners

NDT Training

Penetrant Systems

Phased Array Ultrasonic Imaging

Radiographic Test Systems

Radioscopic Systems

Resonant Inspection

Software, Image Processing

Tensile Testing, Flash

Tensile Testing, Pulsed

Thickness Measurement

Training, Liquid Penetrant

Training, Magnetic Particle

Training, Radiography

Transducers, Angle Beam

Transducers, Contact

Transducers, Dual

Transducers, Immersion

Transducers, Piezocomposite

Transducers, Ultrasonic

UV Lamps

Ultrasonic Calibration Blocks

Ultrasonic Test Equipment, Accessories

Ultrasonic Test Equipment, Inspection System

Ultrasonic Test Equipment, Portable

Ultrasonic Test Equipment, Probes

Ultrasonic Test Equipment, Test Blocks

Ultrasonic Test Equipment, Thickness Gages

Ultrasonic Test Equipment, Ultrasonic Couplants

Videoscopes

Weld Inspection Equipment

X-Ray Machine

X-Ray, Accessories

X-Ray, Diffraction

X-Ray, Digital

X-Ray, Film

X-Ray, Fluorescence

X-Ray, Generators

X-Ray, Inspection Services

X-Ray, Inspection Systems

X-Ray, Spectrography

X-Ray, Tomography

X-Ray, Tubes
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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 89 years. All of our

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

**Product Categories**

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

Gaging Solutions since 1968.

 

**Product Categories**

MEASUREMENT EQUIPMENT

Gage Masters

Gages

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

 

CALIBRATION SERVICES

Gage Repair

 

TESTING / INSPECTION / MEASUREMENT SERVICES

Dimensional Inspection Services

ID/OD Measurement Services
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