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GT Videos
Liebherr Machine Training Center
The Machine Training Center (MTC) of Liebherr-
Verzahntechnik GmbH in Kempten offers bright training 
rooms equipped with the latest 
technology the world of gear 
making has to offer includ-
ing an LC 280 gear cutting 
machine with ChamferCut 
device, an LGG 280 gear grind-
ing machine and a WGT mea-
suring machine. 

geartechnology.com/media/videos/play/244

Helios Solves Gear Cutting Tool Challenges 
with Delta Gear
The Helios Gear team 
recently delivered custom 
gear cutting tools to Delta 
Research in Livonia, Mich. 
This video examines what 
Delta Research had to say 
about the process.

geartechnology.com/media/videos/play/243

Remote Monitoring of Girth Gear 
Performance
Inadequate lubrication conditions lead to excessive displace-
ment. Vibration and temperature can reveal cracks and mis-
alignment. Profile deformation 
leads to worsening conditions, 
and wear speed diagnoses current 
gear protection while predicting 
critical wear. But a monitoring 
partnership that understands that 
integrated system will get you 
the best at all stages of your gear. 
Learn more about Kluber and 
DALOG's remote monitoring of 
girth gear performance.

geartechnology.com/media/videos/play/247
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Publisher & Editor-in-Chief
Randy Stott

explores how duty cycles are used in conjunction with gear 
rating. “Tooth Root Load Capacity of Additive Manufactured 
Gears,” from the team at WZL-RWTH Aachen details the test-
ing of gears made by both the binder jetting process and the 
laser powder bed fusion process.

But continuing to read Gear Technology requires that you 
keep up with your subscription. Many of you will notice that 
your copy of this issue came with a page attached to the front, 
urging you to renew. If you got this message, it means your 
subscription is in danger of expiring soon. Please follow the 
QR code or use the URL printed on that page to continue your 
education by continuing to receive Gear Technology.

If you didn’t receive a special message attached to the cover 
of your magazine, congratulations! Your subscription is up to 
date, and we’ll keep sending the magazine your way.

But just in case the message came detached in the mail, or 
if you’d like to encourage one of your co-workers to subscribe, 
here’s a handy QR code to make it easy for you.

Almost every time I have the opportunity to meet 
with professionals in the gear industry, the topic 
of training and education comes up. Maintaining 
a stable workforce continues to be one of the 
chief struggles of manufacturing companies. 

For some, that means attracting talent: finding and hiring the 
people—especially young people—with the aptitude and attitude 
for doing manufacturing work. For others, it means retaining 
that talent: keeping those workers engaged and interested. 

In some ways, the answers lie in education and training. It’s 
hard to find employees who are ready and able to step onto 
the shop floor and be productive from day one. It’s also hard to 
get employees who are set in their ways to learn new skills that 
would help the enterprise.

Fortunately, there are many options for helping those employ-
ees, from online courses to hands-on training to in-plant semi-
nars. This issue we take a close look at some of these options.

The article “Reigniting the Educational Infrastructure” by 
Senior Editor Matthew Jaster explores how new technologies 
and ways of thinking are changing the way manufacturing edu-
cation is being taught (p. 18). Examples include data-driven 
education, a sociological approach and virtual reality.

The discussion continues with Senior Editor Aaron Fagan’s 
article on AGMA’s programs for professional development of 
the gear-manufacturing workforce (p. 24). Fagan describes 
how AGMA’s IACET-accredited training programs help pro-
fessional engineers keep up to date with continuing education 
credits. The article also includes an in-depth interview with 
AGMA’s Education Manager, Stephanie Smialek, about all the 
options AGMA offers.

Of course, one of the best ways you can stay on top of your 
continuing education is by continuing to read Gear Technology. 
This issue we have two top-notch technical articles that are 
extremely relevant. “Use of Duty Cycles or Measured Torque—
Time Data with AGMA Ratings” by Dr.-Ing. Ulrich Kissling 

Education 
and 
Training
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Helping 
Electric Vehicle 
Manufacturers 
Compete
GEAR SKIVING IS THE FAST-
EST-GROWING METHOD OF 
GEAR MACHINING 

“It’s competition,” said the American 
businessman John Mackey,  “that 
forces companies to get out of their 
complacency.” We are seeing this in 
the global electric vehicle (EV) mar-
kets. Manufacturers must produce 
lighter and more compact EV trans-
missions from tough materials such 
as low-alloy steels—and those that 
rely on traditional manufacturing 
processes risk falling behind. Mats 
Wennmo, global automotive trans-
mission manager at the metal cutting 
specialist Sandvik Coromant, explains 
why gear skiving is crucial for com-
petitive manufacturing.

Sales of EVs have taken a major leap 
forward in recent years. According 
to EV-Volumes, 541,780 new plug-
in electric cars were registered glob-
ally in February 2022—twice as many 
as in February of the previous year. 
Meanwhile, Virta reports that 1.06 
million new EVs were registered in 
Europe in the first six months of 2021, 
compared to 413 during the first half 
of 2020.

From these figures, it’s clear that the 
global EV markets are growing fast—but 
what is driving these sales? One factor 
is the ambitious zero-emission targets 
pledged by the European Union (EU), 
Asia, and the U.S. The EU has commit-
ted to reducing its greenhouse gases to 
at least 40 percent below 1990’s levels, 
and China to reduce its levels to 60–65 
percent below those of 2005, by 2030. 
The U.S., meanwhile, has pledged a 
reduction of 26–28 percent below 2005’s 
levels by 2025.

What role can EVs play in helping 
these countries achieve their goals? In 
truth, comparisons between the envi-
ronmental advantages of EVs versus 
internal combustion engine vehicles 
aren’t straightforward. According to 

Carbon Brief, it depends on the size of 
the vehicles, the accuracy of the fuel 
economy estimates used, how elec-
tricity emissions are calculated, the 
driving patterns used, and even the 
weather in regions where the vehicles 
are used. There is no single estimate 
that applies everywhere. Nevertheless, 
Carbon Brief’s report concludes that, 
overall, EVs are responsible for con-
siderably lower emissions over their 
lifetime than internal combustion 
engine vehicles.

E-mobility technologies can also sup-
port the other two major factors that 
will drive EV sales. First, is a global 
move toward the use of more efficient 
and renewable energy sources, as out-
lined recently by European Commission 
President Ursula von der Leyen, for 
instance. Second, changing attitudes 
among consumers: half of those sur-
veyed in PwC’s December 2021 Global 
Consumer Insights Pulse Survey said 
their perceptions had become more 
eco-friendly.

Planetary gears
For carmakers and original equipment 
manufacturers (OEMs), the above fac-
tors all underline the need to move away 
from traditional combustion engines, 
and China and Europe will take the 
lead on these developments. These EV 
markets will also form a diverse and 
competitive playing field as larger 

established companies like Porsche 
compete with smaller, globally expand-
ing manufacturers such as Polestar.

At the same time, the manufacturing 
of EVs will also present extra challenges, 
with a risk that manufacturers relying 
on traditional production processes will 
find themselves left behind. To examine 
these challenges, let’s focus on the man-
ufacture of gear components.

The ability to control a gear's revolu-
tions per minute (rpm) is essential for 
all kinds of vehicles, including EVs. All 
EV transmissions are reduction trans-
missions, designed to reduce the vehi-
cle’s speed so that it can be controlled 
and driven economically. Because 
there is no combustion engine noise 
in an EV, any noise from the transmis-
sion will be noticed. The main objec-
tive is therefore to prevent noise. This 
is where the quality of the machining 
setup plays a decisive role in making 
the transmission as compact, light, 
and quiet as possible.

EV transmissions usually have a plan-
etary design, with the planetary gears 
and the sun gear assembled inside the 
peripheral ring gear for a compact, 
lightweight assembly. The ring gear is 
the most difficult component to produce 
due to its thin walls and strict roundness 
tolerances. Unfortunately, traditional 
manufacturing processes can compound 
these issues with negative impacts on 
both time and cost.

Electric vehicles (EVs) are responsible for considerably lower emissions over their lifetime than internal com-
bustion engine vehicles (all photos courtesy of Sandvik Coromant).
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Traditional manufacturing
Tradit ional  manufactur ing pro-
cesses typically rely on single-purpose 
machines. Each machine is limited to 
a certain area of machining, and the 
workpiece is passed from one to the 
next. This makes production lines 
inflexible in terms of responding to nec-
essary changes in the component design.

Moving the workpiece from machine 
to machine can also worsen the com-
ponent quality by creating run-out 
and center deviations. The after-heat 

treatment is harder to control, and tra-
ditional soft machining methods fol-
lowed by grinding processes are very 
expensive. These processes also require 
additional oil-based machining to 
improve the machining and chip evac-
uation processes.

These disadvantages will only become 
more pronounced over the com-
ing years, given the anticipated major 
manufacturing trends for EVs. We 
can also expect to see a demand for 
increased speeds in the development of 

new transmissions, a need for higher 
productivity and flexibility, and a 
demand for a shorter return on invest-
ment (ROI). Inflexible single-purpose 
machines will become less advantageous 
as flexibility, productivity and profitabil-
ity become more important for manu-
facturing EV parts.

This is why manufacturers need to 
upgrade their traditional manufactur-
ing processes. So, how can they do this? 
One way is by investing in multitask 
machines. The grinding equipment 

Power skiving is emerging as the fastest-growing method for gear machining for EVs. EV transmissions usually have a planetary design.
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commonly used in traditional manu-
facturing can be an expensive invest-
ment. A good way to sidestep this is 
to divide the machining of gear com-
ponents into two processes: soft and 
hard machining. These methods can be 
implemented in a single, multitasking 
machine setup.

Multitask machines can eliminate 
machining processes and their associ-
ated time and cost, and also improve part 
quality. The machines also offer benefits 
for customers. Along with improvements 

in product quality, the process cycle 
times are better than—or at least the 
same as—existing production solutions. 
In fact, Sandvik Coromant has seen min-
imum cost reductions of 30 percent for 
the end user.

Finally, manufacturers can achieve 
greater flexibility in producing future 
components for e-mobility. The pro-
cess enables downsizing and weight 
reductions in transmission compo-
nents. Gear skiving can be applied to 
both internal and external gears and 

splines, but it is especially productive 
when it comes to internal machining. 
The method works particularly well 
in mass production, where short lead 
times are vital.

Single, continuous process
As mentioned, the ring gear is the 
most difficult component to pro-
duce in a planetary gear assembly, but 
the concept of gear skiving—which 
has actually been around for over a 
century—is emerging as the most 

EV transmissions usually have a planetary design.
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efficient way to achieve this. Gear 
skiving is a process that combines 
shaping and hobbing (a machining 
process for gear cutting) into a single, 
continuous cutting process.

This has several significant advan-
tages over tradit ional machining 
methods. Instead of relying on a sin-
gle-purpose machine, with gear skiv-
ing a complete component can be 
machined in one multitask machine 
for higher productivity and flexibil-
ity. There is no need for specialized 

machines, and quality restrictions 
due to machine changes can be elim-
inated entirely. This significantly 
reduces the total production time 
compared to processes with broach-
ing, shaping, and hobbing, for more 
manageable and predictable compo-
nent machining.

Gear skiving is becoming more popu-
lar, with over 700 gear skiving machine 
tools delivered since 2014. The majority 
of these—over 60 percent—are multi-
task machines. That means the main 

machining processes happen within the 
same, single setup. This improves the 
quality of the component and enables 
more efficient machining.

Sandvik Coromant has developed 
its own high-quality tools for gear 
skiving that are optimized to support 
its customers for accurate machin-
ing of EV transmissions, such as the 
CoroMill 178, a solid gear skiving cut-
ter that can be ordered as powder met-
allurgical high-speed steel (PM-HSS) 
or solid carbide. In addition, the 
CoroMill 180 is an indexable insert 
cutter with railed insert seats designed 
for excellent and repeatable accuracy. 
The tools can be optimized in terms of 
stiffness and overhang, coolant supply, 
and maximum tool life. These com-
bined factors offer reliable, round-the-
clock production.

Reduced machining time
In one example, when a manufac-
turer of main gears in low-alloy steel 
wanted to replace their time-consum-
ing shaping process, they turned to 
Sandvik Coromant. The customer 
replaced their existing processes with 
gear skiving and was also able to 
replace the four dedicated machines 
they used previously with just two 
multitask machines.

In the end, the customer’s machin-
ing time was reduced by 90 percent, 
with considerably increased tool life. 
In other instances, gear skiving was 
shown to be two to three times faster 
than traditional processes.

EV transmission producers and con-
tractors are able to machine their own 
components at Sandvik Coromant cen-
ters with gear skiving on modern multi-
task machines. Skilled and experienced 
staff are ready to support customers’ 
future investments to achieve produc-
tive, efficient, and flexible gear machin-
ing for EVs—all in a single setup.

These are just some of the reasons 
why gear skiving is emerging as the fast-
est-growing method for gear machining, 
offering both time and cost savings. It is 
accessible to both smaller manufactur-
ers, helping them compete at a higher 
level, and larger manufacturers, to help 
them, in the words of John Mackey, “get 
out of their complacency.”

sandvik.coromant.com
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Dimensional 
Control 
Systems
EXAMINES E-POWERTRAIN 
ELECTRIC MOTOR 
GEARTRAIN SIMULATED 
TESTING WITH THE DIGITAL 
TWIN 
Thomas Oetjens, Senior 
Dimensional Engineer-Gear 
Specialist, DCS
The performance of an Electric Vehicle 
Power Unit is directly connected with 
critical tolerances. Tolerances drive 
opportunities for performance enhance-
ment with cost reduction. The tests 
normally used to determine and val-
idate tolerances are both expensive 
and time consuming with prototype 
parts. By replacing the initial tests with 
Digital Twin simulations, results can be 
obtained quickly, and at a much lower 
cost. This article discusses one of these 
tests and the results. System angle backlash statistical reports.
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This upfront simulation method illus-
trates the use of digital technology to 
create a parametric family of designs 
with statistical tolerances as the param-
eter. The result is a digital validation of 
the design variation to reduce proto-
type builds or solve build issues while 
increasing innovation.

Once an adjustable statistical toler-
ance has been established, the toler-
ances can be split into the individual 
components. For example, in the con-
cept design phase, the bearing may 
represent the combination of the gear 
grade, bearing specifications, and the 
housing specifications. Dividing the 
tolerance up using statistical cost anal-
ysis can balance the design tolerances 
at the lowest cost.

Gear micro geometry in the form of 
gear crowning, gear backlash, or tooth 
clearance is another example of the 
method. Adjusting the tolerance as a 
parameter provides the geometric infor-
mation to ensure the gear system back-
lash meets the required specifications.

For this study, tolerance analysis 
software integrated into CAD software 
was used to simulate both part and 
process variation. In this case, 3DCS 
Variation Analyst software was used. 
This enables engineers to analyze their 
manufacturing process and deter-
mine how it affects both the assem-
bly and final product functionality. 
The part tolerances, assembly process, 
and product measures are functionally 
transformed into the ability to predict 
and fix quality issues before the builds 
of concept, prototype, preproduction, 
and production.  

Dimensional Analysis of Geartrains 
with the 3DCS Gear Modeler includes 
a high accuracy tooth microgeometry 
contact mechanism. The analysis also 
includes complex gear and mechanism 
dynamics with bearings, shims, and 
housing systems.

The simulation output includes 
Contributors, the sources and primary 
cause of variation for a measurement. 
The Contributor list includes several 
statistics to show the influence of each 
Contributor, which can be an assembly 
process, tolerance, or other input. These 

Electric vehicle power unit.
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are used to validate that the results are 
within the measurements Upper and 
Lower Specification Limits.  

The Contributors with the higher per-
centage of contribution are candidates 
for tighter tolerances to meet the speci-
fication. The percentage of contribution 
estimated by the listed contribution per-
centage can be changed by adjusting the 
tolerance and running the model with 
the change.  

The Angle Backlash is one simulated 
test that can be done with this Digital 
Twin model. The Electric Vehicle Power 
Unit Angle Backlash is the change in 
angle of the rotor while rotating back 
and forth with the wheels locked. In 
the illustration, the Angle Backlash, the 
wheel rotation gears, PG1 and PG2 are 
fixed. G2 and G3 are connected and 
rotate together in a Gear Stage. G4 
Rotates with SG3 and SG4 in the con-
nected Differential, along the same axis 
as PG1. The Gear Ratio for G1 to PG1 
and PG2 is 12:1.

The 12:1 Gear Ratio from PG2 to 
G1 is the source of the dominant con-
tribution of the PG2 and SG4 Gears, 
44 and 43 percent. This indicates that 
to reduce the System Angle Backlash, 
the backlash between these two gears 
should be reduced.

This reduction is accomplished by 
reducing the Tolerance Range of the 
tooth microgeometry from 0.1 to 0.03 
mm. This statistical adjustment in the 
Digital Twin is parametric.    

The contributions of the PG2 and 
SG4 Gears have been both reduced to 
19 percent and down from 44 and 43 
percent respectively. In addition, the 
System Axial Backlash Range has been 
reduced to 3.77 degrees, down from 
10.64 degrees. 

The overall goal of this analysis is to 
reduce lead and launch time by elimi-
nating or minimizing the sources of 
variation. By determining the correc-
tive action in the simulation, users 
can find opportunities for innovation, 
quality improvements, capability, and 
lower costs.  
mkt.3dcs.com/electric-vehicle-
powertrain-tolerance-analysis-

webinar

Electric vehicle power unit gears.



Reigniting the Educational 
Infrastructure
How data-driven education, virtual reality, and 
sociology can assist the skilled workers crisis

Matthew Jaster, Senior Editor

For an industry that prides itself on cutting-edge 
technologies, manufacturing doesn’t always 
practice what it preaches in terms of education 
and training initiatives. 

“Manufacturing is one of the most technology-rich industries, 
right? They love talking about the Industrial Internet of Things 
(IIoT), automation, robotics, additive manufacturing, etc., yet 
you go to the training aspect and it’s much more archaic than 
that,” said Jeannine Kunz, chief workforce development officer 
at SME. “We do ourselves a disservice with these technology 
advancements when we don’t take advantage of them.”

The story of finding—and keeping—skilled workers in 
manufacturing has been told for decades. It’s always the “next-
generation,” that’s going to swoop-in and create a manufactur-
ing renaissance both here and abroad. Yet, the conversation 
remains largely unchanged since as far back as the 1980s.

“This conversation is a bit like the movie Groundhog Day in 
the sense that we keep having the same discussion over and 
over again about addressing the needs of the skilled work-
force,” said Chad Schron, senior director for Tooling U-SME. 
“Unfortunately, there’s such a pressing need to get parts out 
the door that many organizations can’t justify taking the time 
needed to learn the skillsets to remain competitive.”

Leadership has the best intentions when it comes to training 
and education, but the reality is that many shop floors are under-
staffed, underpaid, and have a difficult time developing in-house 
talent. Companies have looked at early education recruitment, 
mentorships/internships, technical schools, job fairs, trade shows, 
the list goes on and on, but the crisis remains as prevalent as ever. 

“Everyone says the lack of skilled workers is still the num-
ber one challenge across manufacturing, but it doesn’t get 
treated like the number one challenge,” Schron added. 

Those involved in manufacturing, however, saw optimistic 
signs during The Smartforce Student Summit at IMTS 2018 
where broken attendance records followed a growing national 
conversation around STEM education. As the Smartforce 
Student Summit reconvened in September 2022, signs continue 
pointing toward advanced education and training strategies.  

“Our content is answering the biggest needs of our manu-
facturing customers. They are looking to bring in new hires 
that can utilize some of these skills and enhance productivity 
on the shop floor,” Schron said. “We’re hearing these great sto-
ries from different age groups about how e-learning, hands-on 
training and virtual reality (VR) can benefit everybody.” 

Expanding the Toolbox
The average job shop can ill-afford to shutdown a portion of the 
workspace for training today. After COVID hit, it’s clearly an 
“all-hands-on-deck” situation where product is moving out the 
door at an accelerated rate for many manufacturers. How can 
you justify sending three of your best machine operators away 
for training for a week or two? Organizations like Tooling-U 
SME, THORS, and Tulip are taking a closer look at adapting 
training resources for today’s manufacturing challenges.

Classroom work, for example, is being supplemented 
by hands-on training workshops. Online learning tools 
are expanding to give today’s trainees scheduling flex-
ibility. Remote VR sessions are replacing machine tool 

workforce development
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Students learn about NASA technologies during the Smartforce Student Summit at IMTS 2022. Photo courtesy of IMTS.
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demonstrations to offer cost, safety, and time benefits. These 
resources are supporting the fact that the old way of conduct-
ing business—Monday thru Friday, 9:00 am to 5:00 pm—is no 
longer a viable option in today’s business climate.  

“I think the greatest challenges to finding and retaining man-
ufacturing employees include reaching students who are ready 
to transition from school to employment and finding potential 
employees who are trained on the latest manufacturing tech-
nologies,” said Christine Walker, general manager, THORS 
eLearning Solutions. 

THORS (The Helpful Online Resources Site) was envi-
sioned by Senthil Kumar. The story goes that Kumar had many 
questions that his managers had very little time to answer 
at the beginning of his manufacturing career. His quest for 
more knowledge led him to create an online resource that 
captured decades of manufacturing and engineering experi-
ence on a single platform. Today, THORS has grown into 
THORS eLearning Solutions, offering a growing library of 
online courses and productivity tools and looks at education 
and training from different perspectives.

“Training today includes interactive elements like anima-
tions, AR/VR, which allow people to train even if they can’t 
make it into the shop. Training can be continuous no matter 
where the employee is located,” Walker said.   

THORS eLearning is providing a variety of educational 
options to engage the next generation of skilled workers. This 
includes interactive, cloud-based learning solutions, indus-
try-specific content that mirrors real manufacturing methods 
and courses developed by combining industry knowledge 
with theoretical insights presented with graphics, animations, 
and interactives. 

The idea is to replace textbooks, enhance lectures and pro-
vide learning tools that appeal to the “YouTube generation,” 
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Tooling-U-SME's booth at IMTS 2022 featured virtual reality demonstrations as 
part of the company's Virtual Labs.  Photo courtesy of Tooling-U-SME.
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according to Darren Spotz, account executive at THORS. Spotz 
spoke with college educators and learned that most engineer-
ing courses are information driven. This traditional lecturing 
structure fails to engage student interest and motivation.

THORS meets these challenges by providing a baseline com-
prehension of the terminology as well as a focused understand-
ing of the various manufacturing processes before a lecture 
takes place. Self-paced online assignments allow students to dive 
deeper into the content outside of the classroom giving more 
time for hands-on lab activities and exercises. This ‘Show versus 
Tell’ method allows students to gain a better understanding of 
manufacturing procedures using videos and animations. Spotz 
said—in many cases—these interactive assignments can give the 
students a better understanding of the manufacturing process 
than they would standing in front of the machine.

“The future skilled workforce may know how to use tech-
nology, but they may not know the fundamentals of how that 
technology came to be. The foundational understanding of 
why materials behave as they do, or what processes can lead 
to what results, or how to recognize defects to troubleshoot 
an issue are not typical topics taught in school,” said Leslee 
Sambor, head of custom course development, THORS eLearn-
ing Solutions. “We need to assist these students with a back-
ground in manufacturing topics so that they can be better pre-
pared to be problem solvers in a world where manufacturing 
meets technology.”

More importantly, many of these resources are creating learn-
ing tools that appeal to a wide range of potential employees.

“Our training is enjoyable, we present the fundamentals of 
manufacturing with colorful graphics and dynamic interactives, 
that make it fun to learn. Manufacturing is presented in a way 
that is exciting and engaging because our own staff is passionate 
about creating learning materials that are visually appealing and 
relatable. We believe that when you enjoy what you are learning, 
you have better learning retention,” Sambor added.

The State of Talent in Manufacturing
Perhaps one of the greatest mistakes in manufacturing educa-
tion in the past was not paying close enough attention to the 
opinions of the workers on the shop floor.  
Madilynn Angel, head of marketing, Tulip Interfaces, discussed 
skilled worker challenges in her presentation, “Why Upskilling 
and Digital Augmentation are Key to Winning the War for 
Talent,” during IMTS 2022. 

Angel described how a technology tradeshow like IMTS 
boast lots of vendors and showcases the latest and greatest in 
machine technology, but rarely focuses on the women and 
men on the frontlines that are thinking about the usability and 
design of these technologies. 

“The frontline workers, historically, have been the most 
underserved by innovation and technology,” Angel said. 
“Operators need to be more a priority from a performance, 
training, and support point of view.” 

Angel said this could be achieved by digitally training work-
ers quicker, accepting feedback and making their general work-
flow higher quality. “Other industries, have already adopted 
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this approach and it’s making it more difficult for manufactur-
ing to stay competitive from a talent perspective.”

There’s a need to fill many important positions in the job market, 
but these are not excusively manufacturing and engineering careers. 

“The war for talent is still prevalent in manufacturing. A 
competitive labor market, coupled with a wave of generational 
turnover is increasing pressure on manufacturers to retain 
workers more effectively. To be able to do that, manufacturers 
need to understand what workers are looking for and how to 
build a system that can service them,” Angel said.

It’s no surprise Angel’s background in sociology comes into 
play when discussing the human elements of training and edu-
cation. She described a workforce that is competing on a much 
larger stage in 2022 than in the past.

No matter what field we’re talking about—big tech, healthcare, 
manufacturing, etc.—Angel still expects 25 percent of a compa-
ny’s workforce to leave for a new opportunity within a year.

“40 percent of manufacturing workers left their jobs for 
other opportunities in 2021. A 60 percent higher rate than 
other industries. This is particularly challenging for an indus-
try that is trying to ramp up as well as respond to increase 
business and consumer demands,” Angel said. 

Many job descriptions in manufacturing, for example, 
require an average of four years of experience. “After four 
years of school, they won’t consider certain applicants unless 
they’ve had an additional four years of field experience. So, 
you’re looking at eight years in some cases to meet the basic 
requirements for these manufacturing positions.”

Angel said this problem will continue to grow if thought leaders 
can’t come up with new ways of retaining manufacturing workers 
and developing a talent pipeline. 

“Engineers are naturally inclined to solve problems, they like 
building things, they’re excited about technology and they’re 
invested in the manufacturing and engineering fields,” she said. 
I believe the focus needs to be on the individuals and less on 
the companies trying to attract them.” 

Tulip was started by a team of engineers out of the MIT 
Media Lab. The platform is based on over ten years of research 

1-734-946-0974      
info@protoxrd.com

www.protoxrd.com

State-of-the-art facilities  
and superior service. 

No compromises.

RESIDUAL STRESS  
MEASUREMENT

Smartforce Student Summit, IMTS 2022. Photo courtesy of IMTS. 

November/December 2022 | GEAR TECHNOLOGY 21



in frontline operations, led by experts on the Internet of Things 
(IoT), machine vision, human-computer interaction, augmented 
reality, and machine learning. The company understands that 
automation has done so much for frontline operations, but the 
most complex tasks still need to be run by people. 

Ready Player One: Manufacturing Edition
In addition to digital resources, VR is not just for gaming or 
traveling the world from the comforts of your living room any-
more. It’s a multigenerational tool being used to serve training 
and education platforms. Tooling U-SME showcased its new 
Virtual Labs during IMTS 2022. This innovative, immersive 
virtual reality training curriculum bridges the gap between 
learning and doing to enhance productivity, increase safety, 
lower costs, and engage a younger workforce. 

Using a Meta Quest 2 headset or through their desktop or lap-
top computer, trainees tap into applied learning through virtual 
reality. By providing realistic, immersive experiences for learners 
to work with simulated equipment, Tooling U-SME Virtual Labs 
accelerate competency for real-world manufacturing situations. 

“We’re always looking at new ways to create and deliver con-
tent,” said Schron. “Equally important is the way this content is 
delivered. It used to be lectures, VHS tapes, DVDs, e-Learning 
and now VR is the next step in engaging the manufacturing 
workforce. VR has been around forever, but now we’re able to 
leverage this technology much more cost-effectively.”

Gone are the days of $20,000 VR headsets that worked only 
half the time and forced participants to be plugged into a com-
puter station with cords restricting movement. Today, anyone 
can purchase a VR headset for a couple hundred dollars and 
roam freely across rooms with minimal restrictions.

“We don’t think it’s going replace our e-learning or instruc-
tion-led training, but it’s just another tool in the toolkit for us 
to deliver new content,” Schron added. 

During beta-testing of the VR tools, Schron found that the 
stereotype that VR headsets are for the younger generation is 
highly misleading. 

“I can’t tell you how many older people love this technology. 
We have this great photo from IMTS where there’s a 10-year-old 
kid using the VR headset right next to an 85-year-old guy using 
one and they’re both engaged in the technology. It’s really a great 
educational tool for all generations,” Schron said.

Schron added that everything is technology-driven today. 
Machine operators are utilizing 5- and 7-axis machines, but 

they don’t know how to use the latest controls. The kids com-
ing out of college know the software and technology but might 
not be as comfortable standing in front of the machine tool. 

“We’re hearing these great stories from across generations 
about how VR training can become a part of their educational 
development,” Schron added.

Another key component is the safety benefits. 
“When we think about schools, they don’t get access to 

a lot of manufacturing equipment because it’s so expensive 
and there’s also a variety of safety issues,” Kunz said. “It’s a lot 
cheaper to break a tool in the virtual world or in a classroom 
than on the shop floor.”

Virtual reality gives students the ability to get as close to the 
machine shop as possible without worrying about costs, time 
or safety issues that might occur. 

“Additionally, workers can practice different skills and gain 
exposure to new technologies without having to shut down 
a portion of the manufacturing floor for training purposes. 
These are kind of the added benefits of creating a virtual train-
ing environment,” Schron said. 

At the end of the day, VR is about establishing the competen-
cies and knowledge a new worker will need to be successful on 
the shop floor. 

Based on the concept of Learn-Practice-Perform, the 
Virtual Labs are an efficient way to safely build knowledge 
that contributes to confidence and proficiency by learning new 

Meta Quest 2 headsets were used at the Tooling-U-SME booth to showcase how VR can provide training and educational benefits. Photo courtesy of Tooling-U-SME. 

Students learn more about the ARTEMIS project during IMTS 2022. Courtesy 
of IMTS.
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information through standard instruction, practicing skills in a 
safe, virtual environment, and performing tasks and applying 
knowledge on the job or in the classroom. 

“Welding is a great example of this. First, you must know a 
lot to be a great welder, then you need the skills and muscle 
memory to do the welding required for the job. You’re not 
going to learn to be a welder by taking e-learning classes. VR 
allows you to learn about welding, practice welding techniques 
in a virtual environment and then demonstrate those skills in a 
real-world application,” Schron said. 

Embracing the Art of Engineering & Manufacturing 
The future of training and education in manufacturing starts 

and ends with the trainees. 
“The next generation of workers grew up with technology 

as no other generation has. They are accustomed to visual 
learning, understanding digital media, coding, and all things 
internet-related, and they are used to turning to technology for 
problem-solving,” Walker said. “The leap from their childhood 
experience with screens to technology in the workplace is vir-
tually seamless.”

As we embrace this new technology, it’s important to under-
stand that these resources must continue to evolve. Sambor is 
excited by the notion of a blended approach utilizing online, 
e-learning, visual elements and AR/VR tools to change the cur-
riculum. The human element, however, is still the most impor-
tant aspect of workforce training. 

The manufacturing industry needs to much more trans-
parent, “a guidance counselor of sorts.” It’s important for 
a CEO to share their story and life advice. This allows the 
people of an organization to become more accessible and 
tangible so that manufacturing isn’t always about materials 
and products. 

“Building and fostering a culture of being a great place to 
work is one very important thing but going beyond that to help 
those employees feel a sense of pride and accomplishment in 
how they contribute to their communities and the overall state 
of the economy is important,” Sambor added. “Showing valu-
able employees that their personal growth and worth mean 
something to your organization speaks volumes.”
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Profile: Continuing Education and 
Training with the AGMA
Programs for professional development of the gear-manufacturing workforce

Aaron Fagan, Senior Editor

The American Gear Manufacturers Association (AGMA) recently applied for and received reaccreditation from the International Accreditors for 
Continuing Education and Training (IACET) organization for its educational courses. An IACET accreditation allows gear industry professionals to 
earn Continuing Education Units (CEUs) for attending AGMA courses. 

CEUs are an integral aspect of employment in the gear industry for many professionals, as numerous positions within the gear industry are 
required to earn a certain amount of CEUs per year. The amount required varies depending on the state of residence and employment.

Students who have taken IACET-accredited courses have shared that earning CEUs can be an essential factor in their company choosing 
AGMA educational offerings. It also assures AGMA instructors that their curriculum has undergone a rigorous evaluation process that ensures 
the lessons will enrich the gear industry.

Each year’s educational offerings include a variety of instructor-led in-person and virtual course offerings, asynchronous online courses, 
webinars, and on-site training bespoke to your team’s needs. The sidebars “AGMA Education Resources” on page 25 and “2023 AGMA 
Courses” on page 26 will help you get started.

AGMA’s renewed accreditation is valid for a period of five years, through November 2027. “I am thrilled that we have been reaccredited and 
am excited to continue to offer the high-quality training that we do,” stated Stephanie Smialek, Education Manager, AGMA. “The feedback 
that we receive from our participants helps us continually improve the courses we offer and are considering for the future. This, in turn, helps 
us provide a needs analysis to enhance our courses and topics for accreditation compliance.” To celebrate, Gear Technology caught up with 
Smialek to discuss the full breadth of AGMA’s professional development programs.

training
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But we do try to move some things around. There’s always 
going to be something on the east coast, but this coming 
year I wanted to go to somewhere on the west coast, so we’re 
going to go to San Diego. We might do somewhere in the 
middle—maybe we’ll do Denver or Texas, something like 
that. That allows more people the opportunity to participate. 
We also try to think about what classes are going to be appro-
priate to industries in the regions we choose. San Diego, for 
example, is near Silicon Valley and a lot of tech areas. And 

In August, AGMA President Matt Croson held a ribbon-cutting ceremony for 
National Training Center (NTC), in partnership with Richard J. Daley College, in 
Chicago. The AGMA NTC provides industry-focused events and training for gear 
manufacturing professionals and year-round classes for novices and experts alike.

Aaron Fagan:Aaron Fagan: What is a concise overview of the AGMA 
educational offerings?

Stephanie Smialek: We want to be the premier educational 
source companies turn to for training. We are constantly 
looking to refine our existing courses and develop new 
ones both for in-person and online. 

I think the slowdown of the pandemic presented an 
opportunity for us to do a lot of shorter courses and those 
continue to be well received. They are constantly filling 
up. I hope to include more short programs and things like 
that in the future because it seems like they manage to 
convey a lot of valuable information in a short period.

We have quite a bit of educational material online that is 
free to AGMA members. Even the older webinars garner a 
lot of use from members and nonmembers alike. Webinars 
are useful because they offer short insights on a topic 
someone is trying to get more information about. And 
then our on-demand classes also do well, and I’ve found 
they are especially helpful to our international participants 
who want to work towards a certificate but don’t neces-
sarily have the means to fly to the US for one of our in-
person courses. I know with the expansion of our online 
offerings, we have had a considerable number of interna-
tional participants join us, and that’s something we want 
to see continue into next year.

Any countries in particular? I know India, Italy, and 
Germany are big gear countries.

You know what, it’s great, they come from all over the 
world. I’ve had a couple of people from Vietnam and 
Singapore, and quite a few from the UK. Canada sends a 
lot of people. Mexico has been increasingly sending more 
and more. If we can increase international participation in 
education, that would be great, because then we’re bring-
ing in new people with new ideas.

There are courses that would appeal to designers right 
through to process engineers and machinists and 
everybody in between. Closed-loop training if you will. 
What’s the student profile?

We have a wide range of backgrounds and all levels of 
education. We see quite a few machinists in our opera-
tor classes, on-site training, basics of gearing classes, and 
on-demand classes like our workforce training series. 
In terms of our more advanced courses, it heavily leans 
towards design or technical applications engineers. The 
overarching course list is a comprehensive mix. We’ve 
even had some executives take the courses before just to 
see what it’s about and brush up on their information.

Are classes held all over the place or do they tend to be in 
one place?

We hold them all over. We tend to return to places like 
Clearwater Beach, Florida. That’s a very popular destination. 

AGMA EDUCATION RESOURCES
Archived webinars free to AGMA 
members:

agma.org/education/online/webinars/

Video trainings:
agma.org/education/online/video-training/

Workforce training series trainings:
agma.org/education/online/workforce-

training-series/

Onsite training information:
agma.org/education/on-site-training/

Certificate programs we offer:
agma.org/education/certificate-programs/

Become an AGMA instructor:
agma.org/education/become-an-agma-

instructor/
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2023 AGMA 
Courses

Registration for all 2023 AGMA Education 
courses is now open. Topics include gear 
manufacturing, gear inspection, design 
basics, gear failure, gear chart interpretation, 
gear systems, and much more. Online and 
in-person courses on offer this year include:

 ¤ ANALYTICAL GEAR CHART INTERPRETATION**
 ¤ BASIC GEAR INSPECTION FOR OPERATORS
 ¤ BASIC TRAINING FOR GEAR MANUFACTURING**
 ¤ BEVEL GEAR SYSTEMS
 ¤ DESIGN BASICS FOR SPUR & HELICAL GEARS**
 ¤ DETAILED GEAR DESIGN
 ¤ EPICYCLIC GEAR SYSTEMS
 ¤ FUNDAMENTALS OF GEAR DESIGN & ANALYSIS
 ¤ GEAR FAILURE ANALYSIS**
 ¤ GEAR MANUFACTURING & INSPECTION
 ¤ GEAR SYSTEMS DESIGN FOR MINIMUM NOISE
 ¤ GEARBOX CSI
 ¤ GEARBOX SYSTEMS DESIGN
 ¤ HOW TO READ & INTERPRET A GEAR 

     INSPECTION REPORT
 ¤ INVOLUTE SPLINE DESIGN & RATING
 ¤ LOADED TOOTH CONTACT ANALYSIS
 ¤ OPERATOR HOBBING & SHAPER CUTTING
 ¤ OPERATOR PRECISION GEAR GRINDING
 ¤ REVERSE ENGINEERING
 ¤ STEELS FOR GEAR MANUFACTURING
 ¤ WORM GEAR

**COURSE IS OFFERED MORE THAN 
ONCE A YEAR.

To get the specifics for each course, 
visit AGMA’s course catalogue. There, 
you’ll find course outlines, learning 
objectives, instructor details, deals on 
hotel rooms for in-person courses, and 
more. If you have any trouble signing 
up for courses or have any questions, 
email education@agma.org.

for the most part, the classes that are at the AGMA National 
Training Center (NTC) at Daley College in Chicago are the 
ones that utilize the machines in some way, but we are hoping 
to expand to do a few others that don’t necessarily involve the 
machines but utilize the space that we have.

The NTC just had the ribbon cutting back in August. 
Can you give a little bit of the back story?

Daley College has these buildings in one part of their cam-
pus, and we lease out a building. At the ribbon cutting, we 
showcased the new signs we had put up both outside and 
inside the building. We want to house a lot of our classes 
here because Chicago is an ideal, centralized hub and 
many of the classes utilize the machines we have here.

Can you speak to on-site training?

Yes! It’s expanding. We got quite a few inquiries this past 
year alone. From what I see, if they have a large enough 
group, they want to reach out and try to do training on 
their own terms. And that’s where a lot of that on-site 
training comes into play. 

Let’s say they have this group of 10 to 20 people, and they 
want to get them all trained on this one specific topic—com-
panies inquire for us to bring an instructor to them instead of 
them paying to send all their employees to us. Ten registra-
tions, for example, to come to a class, plus then all the travel 
and whatnot for each of those individuals can add up quickly. 
They can save some money by having that training at their 
facility, and then the nice beneficial thing about it is we can 
make it directly applicable to the people who are in the class. 

What makes it nice with on-site training is you can 
address detailed questions. And a lot of that informa-
tion is often proprietary. In a regular class context, you 
wouldn’t be able to share that kind of information where 
20 different organizations might be represented. On-site 
training holds a lot of value for the companies they 
serve. We’ve already scheduled four for next year and we 
haven’t even finished the month of November.

That’s fantastic!

Yeah, there’s definitely a lot of interest in it, which is really 
great because of that customizability.

How does that side of it work? This is a service that can 
be developed regardless of whether the company is an 
AGMA member.

Correct. We don’t care if they’re a member or nonmem-
ber. The pricing will change, so that does play a factor, but 
that also applies to all of our other classes. We have mem-
ber rates and then our nonmember rates. For example, we 
have a group through the government that is in a couple of 
classes now. They’re not members, but they reached out to 
us because they know we can provide the good training that 
they’re looking for.

agma.org/education/advanced-courses/

PROFILE: CONTINUING EDUCATION AND TRAINING WITH THE AGMA
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The outfitting of the facility has been made possible by generous donations of time, dollars, machinery, and materials to the AGMA Foundation. It is an incredible indus-
try resource to train and upskill new and experienced workers within the gear industry. 

Why don’t they hire their own consultants?

They could easily reach out to the consultant themselves if 
they wanted to—and I’m sure we’ve had some companies 
who have gone directly to the consultant instead—but one 
of the benefits of doing it through AGMA is that you obvi-
ously get the certificates of completion, and if an AGMA 
representative goes, we are also accredited to offer the 
Continuing Education Units (CEUs) which is something 
some states require on an annual basis for those with pro-
fessional licenses.

We just went through the reaccreditation process and 
have officially been reaccredited for another five years to 
offer CEUs, so that’s exciting. 

Are there any closing thoughts? 

We offer a ton of different things for members and non-
members alike. We want to continue to offer and improve 

the great classes that we currently have and continue to 
offer additional courses on topics that are of interest to our 
constituents. The AGMA is constantly trying to expand 
and investigate where we can move and introduce new 
topics and new ideas to make sure that we’re staying up to 
date on topics just as everybody else is.

Gear standards don’t play a huge part in the classes, 
but they do come up, especially when we’re talking about 
design and all those specifications. AGMA education ties 
into each different piece at AGMA from the standards 
to membership as well. We can encourage people to get 
membership if they like our courses and continue to bring 
and send people to our courses.

The closed loop.

Closed loop, yeah. It’s fun getting to meet all these great 
people. I enjoy getting to know each person and getting to 
know the instructors.
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But Wait! Where are the Gear Manufacturers Listed?
If you are looking for suppliers of gears, splines, sprockets, gear drives 
or other power transmission components, see our listing of this issue’s 
power transmission component advertisers on page 43. In addition, 
you will find our comprehensive directory in the December 2022 issue 
of Power Transmission Engineering as well as in our online directory at 
powertransmission.com.

Handy Online Resources

The Gear Technology Buyer's Guide—
The listings printed here are just the basics. For 
a more comprehensive directory of products and 
services, please visit our website, where you’ll 
find each of the categories here broken down 
into sub-categories: 

geartechnology.com/dir/

The Power Transmission Engineering 
Buyer's Guide—The most comprehensive 
online directory of suppliers of gears, bearings, 
motors, clutches, couplings, gear drives and 
other mechanical power transmission compo-
nents, broken down into sub-category by type of 
product manufactured: 

powertransmission.com/directory/

CUTTING TOOLS
A&A Coatings
www.thermalspray.com

Accu-Cut Diamond Tool Co.
www.accucutdiamond.com

Advent Tool and Manufacturing Inc.
www.advent-threadmill.com

Allied Machine & Engineering Corp.
www.alliedmachine.com

ANCA, Inc.
www.anca.com

Apex Broaching Systems
www.apexbroach.com

Ash Gear & Supply
www.ashgear.com

Baart Industrial Group
www.baartgroup.com

Bartlett Bearing Company, Inc.
www.bartlettbearing.com

Bearing Engineering Company
www.bearingengineering.com

Beyta Gear Service
www.beytagear.com

BK Power Systems—An Integrated Corrosion Co.
www.bkpowersystems.com

Blackout Equipment
www.blackoutequipment.com

Bodine Electric Company
www.bodine-electric.com

Bosch Rexroth
www.boschrexroth-us.com

Broach Masters / Universal Gear Co.
www.broachmasters.com

Broaching Machine Specialties
www.broachingmachine.com

Buehler—An ITW Company
www.buehler.com

Capital Tool Industries
www.capital-tool.com

Carborundum Universal Ltd.
www.cumiabrasives.com

Century Precision Co., Ltd.
www.cty.co.kr

Cold Forming Technology
www.coldformingtechnology.com

Continental Diamond Tool Corporation
www.cdtusa.net

Creative Hi-Tech Ltd.
www.creativehitech.com

D.C. Morrison Company
www.dcmorrison.com

Dianamic Abrasive Products Inc.
www.dianamic.com

Drive Lines Technologies Ltd
www.drivelines.co.uk

DTR Corp. (formerly Dragon Precision 
Tools)

1261 WILEY ROAD, UNIT K
SCHAUMBURG IL 60173
Phone: (847) 375-8892
Fax: (224) 220-1311
www.dragon.co.kr

Eagle Tool Company Inc.
www.eaglebroach.com

Eltool Corp.
www.eltool.com

Emuge-Franken USA
www.emuge.com

Engineered Tools Corp.
www.engineeredtools.com

SEE AD
Page 15
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Ever Sharp Tools (EST) America
10138 RADIANCE DR
IRA TOWNSHIP, MI 48023
Phone: 810-824-3323
www.est-us.com

FHUSA-TSA
www.fhusa-tsa.com

Fuji Machine America Corp.
www.fujimachine.com

Galaxy Sourcing Inc.
www.galaxysourcing.com

GAM Enterprises
www.gamweb.com

General Broach Company
www.generalbroach.com

Gleason Corporation
1000 UNIVERSITY AVENUE
ROCHESTER, NY 14607

Phone: (585) 473-1000
www.gleason.com

GMTA German Machine Tools of America
www.gmtamerica.com

Goldstein Gear Machinery LLC
www.goldsteingearmachinery.com

Greg Allen Company
www.gallenco.com

Hanik Corporation
www.hanikcorp.com

Harbin Tool Works
www.hrbtool.com/en

Helios Gear Products
www.heliosgearproducts.com

HobSource Inc.
834 E. RAND RD, SUITE 2
MOUNT PROSPECT, IL 60056
Phone: (847) 398-8320
Fax: (847) 398-8326
www.hobsource.com

HPB Motion Control Co. Ltd.
www.hpb-industry.com

Ingersoll Cutting Tools
www.ingersoll-imc.com

Interstate Tool Corp.
www.itctoolcorp.com

Jones Metal Products Company
www.jmpforming.com

Juncera Automations
www.junceraautomations.com

Kennametal Inc.
www.kennametal.com

Kinefac Corporation
www.kinefac.com

Kingsford Broach & Tool Inc.
www.kingsfordbroach.com

Klingelnberg
PETERSTRASSE 45
HUECKESWAGEN 42499

GERMANY
Phone: +(49) 2192-810
Fax: +(49) 2192-81200 
www.klingelnberg.com

Knuth Machine Tools USA, Inc.
www.knuth-usa.com

Lalson Tools Corporation
www.lalsoncuttingtools.com

Leistritz Advanced Technology Corp.
www.leistritzcorp.com

Liebherr America
www.liebherr.com

LMT USA
www.lmt-tools.com

Lucky Tools Enterprises
www.indiamart.com/luckytools-entps

Maheen Enterprises
www.maheenbroaches.com

SEE AD
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Malloy Electric
www.malloywind.com

Matrix Precision Co. Ltd.
www.matrix-machine.tw

Miller Broach
www.millerbroach.com

Mitsubishi Materials USA
www.mmus.com

MMT Productivity
www.mmtproductivity.com

Modern Gearing
www.moderngearing.com

Motherson Advanced Tooling Solutions LTD
www.matsltd.com

Mutschler Edge Technologies
www.mutschleredgetech.com

Nachi America Inc.
www.nachiamerica.com

Nidec Machine Tool America
46992 LIBERTY DRIVE
WIXOM, MI 48393

Phone: (248) 669-6136
Fax: (248) 669-0614
www.nidec-machinetoolamerica.com

Northwest Electric Motor Company
www.northwestmotor.com

Ohio Broach & Machine Co.
www.ohiobroach.com

ORT Italia
www.ortitalia.com

 Parker Industries Inc.
parkerindustriesinc.com

PDM Engineering Pvt. Ltd.
www.pdmengg.net

Philadelphia Carbide Co.
www.philacarbide.com

Pioneer Broach Co.
www.pioneerbroach.com

Polygon Solutions
www.polygonsolutions.com

QC American
www.qcamerican.com

QMS Inc.
qms-ky.com

R.A. Heller Co.
raheller.com

Rotec Tools Ltd.
www.rotectools.com

Russell Holbrook & Henderson
www.tru-volute.com

S.R.K. Tools Industries
www.srktoolsindustries.in

S.S. Tools
www.sstools.net

SAMP India Pvt. Ltd.
www.samputensili.com

Samputensili S.p.A.  
www.samputensili.com

Sandvik Asia Pvt. Ltd.
www.sandvik.coromant.com

Do you make gears? Nidec can help you
improve your gear manufacturing with
cutting tools, machines, automation and
good advice. Let's have a conversation.
Call Scott Knoy: 248-756-5017

Nidec Machine Tool America

SEE AD
Page 9, 29, 31, 38, 
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Sandvik Coromant
www.sandvik.coromant.com

Schnyder SA
www.schnyder.com

Seco Tools Inc.
www.secotools.com

Shape-Master Tool Company
www.shapemastertool.com

Shree Durga Industries – SDI Tools
www.sditools.com

Slater Tools Inc.
www.slatertools.com

Sokhi Heli-Wom Gears Pvt. Ltd.
www.gearboxindia.com

Star Cutter Co. India
www.starcutter.com

Star SU LLC
5200 PRAIRIE STONE PKWY. 
STE. 100

HOFFMAN ESTATES, IL 60192
Phone: (847) 649-1450
www.star-su.com

Steelmans Broaches Pvt. Ltd.
www.steelmans.com

Techcellence
www.broachindia.com

Ty Miles, Inc.
www.tymiles.com

U.S. Equipment
www.usequipment.com

United Gear Works
unitedgearworks.com

United Tool Supply
united-tool.com

VW Broaching Services, Inc.
www.vwbroaching.com

Vargus USA
www.vargususa.com

Viking Forge, LLC
www.viking-forge.com

GEAR BLANKS & RAW 
MATERIAL

Accurate Specialties Inc.
www.accuratespecialties.com

Affiliated Distributors
www.adhq.com

Aksan Steel Forging
www.aksanforging.com

All Metals & Forge Group LLC
www.steelforge.com

American Friction Welding
www.teamafw.com

Amorphology
www.amorphology.com

Atlas Bronze
445 BUNTING AVE.
TRENTON, NJ 08611
Phone: 609-599-1402
www.atlasbronze.com

SEE AD
Inside Front Cover, 

Page 1, 45

SEE AD
Page 7

November/December 2022 | GEAR TECHNOLOGY 2929



Aviva Metals
www.avivametals.com

Bearing Engineering Company
www.bearingengineering.com

BGH Specialty Steel Inc.
www.bgh.de

Boneng Transmission USA LLC
www.boneng.com

Bosch Rexroth
www.boschrexroth-us.com

Buehler—An ITW Company
www.buehler.com

CCTY Bearing
www.cctybearing.com

Celanese
www.celanese.com

CFS Machinery Co. Ltd.
www.steelforging.org

Compressed Gas Technologies Inc.
www.nitrogen-generators.com

Concast Metal Products
www.concast.com

Cornell Forge
www.cornellforge.com

Cramlington Precision Forge Limited
www.cpfl-tvs.com

Creative Hi-Tech Ltd.
www.creativehitech.com

Cross + Morse
www.crossmorse.com

Crucible Industries LLC
www.crucible.com

Dayton Forging and Heat Treating
www.daytonforging.com

DSM Engineering Plastics
www.dsm.com

Dura-Bar
www.dura-bar.com

Earle M. Jorgensen Co.
www.emjmetals.com

ElectroHeat Induction
www.electroheatinduction.com

Elliott Manufacturing
www.elliottmfg.com

Ellwood City Forge Group
www.ellwoodcityforge.com

Erasteel Inc.
www.erasteel.com

Eutectix LLC
www.eutectix.com

Evolvent Design
www.evolventdesign.com
Excel Gear
www.excelgear.com

Fomas USA
www.fomasgroup.com

Forging Solutions LLC
www.forging-solutions.com

Fuji Machine America Corp.
www.fujimachine.com

Galaxy Sourcing Inc.
www.galaxysourcing.com

Gemec Co. Ltd.
www.gemec.com.cn

Gibbs Gears Precision Engineers
www.gibbsgears.com

Hunter Chemical LLC
www.hunterchem.com

IMT Forge Group including Clifford-Jacobs 
Forge
www.imtforgegroup.com

Intech Corporation
www.intechpower.com

Interstate Tool Corp.
www.itctoolcorp.com

Jones Metal Products Company
www.jmpforming.com

Kean Transmission Machinery Co.
www.keancn.com

Kisco Gears
www.kiscogears.com

Koro Industries Inc.
www.koroind.com

Kuraray America Inc.
www.kuraray.com

Lalson Tools Corporation
www.lalsoncuttingtools.com

Larson Forgings
www.larsonforgings.com

Mackeil Ispat & Forging Ltd.
www.mackeilforgings.com

Masternet Ltd.
www.masternetltd.com

McInnes Rolled Rings
1533 EAST 12TH STREET
ERIE, PA 16511

Phone: (800) 569-1420 or (814) 459-4495
Fax: (814) 459-8443
www.mcinnesrolledrings.com

McKees Rocks Forgings
www.mckeesrocksforgings.com

Midwest Themal-Vac Inc.
www.mtvac.com

MMR Precision Gears
www.mastermachinerepair.com

Moore-Addison Precision Plastic Blanking
www.mooreaddison.com

Mosey Manufacturing Co. Inc.
www.moseymfg.com

National Bronze Mfg. Co.
www.nationalbronze.com

Ovako
www.ovako.com

Parag Casting Co.
www.paragcasting.com

Patriot Forge
www.patriotforge.com

PCK Buderus
pck-buderus.com

Penticton Foundry
www.pentictonfoundry.com

Perry Technology Corporation
www.perrygear.com

Presrite Corporation
www.presrite.com

QMS Inc.
qms-ky.com

QSC Forge & Flange
qsc-forge.com

QuesTek Innovations LLC
www.questek.com

Reade Advanced Materials
www.reade.com

DiSCS up to 60" Rings 4"-144" OD 

Fast. No Fine Print. 
No Premium. 

OF THE PACK
 814-458-0841

www.McInnesRolledRings.com

FORGING AHEAD

Fast. No Fine Print. 
No Premium. 

SEE AD
Page 13

Rewitec GmbH
www.rewitec.com

Schmiedewerke Groeditz GmbH
www.stahl-groeditz.de

Scot Forge
www.scotforge.com

Sedlock Companies
www.sedlockcompanies.com

Sensor Products Inc.
www.sensorprod.com

Somers Forge
www.somersforge.com

Southwest Metal Products Ltd.
www.southwestmetal.com

Spectrum Machine Inc.
www.spectrummachine.com

Steuby Manufacturing Company, Inc.
www.steubymfg.com

Sullivan Steel
sullivansteelservice.com

Sunbelt-Turret Steel Inc.
www.sunbeltturretsteel.com

Thyssenkrupp Rothe Erde USA Inc.
www.thyssenkrupp-rotheerde.com

TimkenSteel Corporation
www.timkensteel.com

UMC (United Metals Co.)
www.umcmetals.com

United Cast Bar, Inc.
www.unitedcastbar.com

Viking Forge, LLC
www.viking-forge.com

Walker Forge
www.walkerforge.com

Watkins Mfg. Inc.
watkinssaw.com

Willman Industries Inc.
www.willmanind.com

Yash International
www.yashtools.com

GEAR MACHINES
Abtex Corp.
www.abtex.com

Accu-Cut Diamond Tool Co.
www.accucutdiamond.com

AccuBrass
www.accubrass.com

Affolter Group
www.rotectools.com
ANCA, Inc.
www.anca.com

Apex Broaching Systems
www.apexbroach.com

Artec Machine Systems
www.artec-machine.com

Becker GearMeisters, Inc.
www.maagmachines.com

Beyta Gear Service
www.beytagear.com

Blackbox Technologies
www.blackboxtech.in

Bodine Electric Company
www.bodine-electric.com

Bosch Rexroth
www.boschrexroth-us.com

Broaching Machine Specialties
www.broachingmachine.com

BUDERUS Schleiftechnik GmbH
www.buderus-schleiftechnik.de

Buehler—An ITW Company
www.buehler.com

C&B Machinery
www.cbmachinery.com
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Machine Tool Builders—MTB
7723 BURDEN ROAD
MACHESNEY PARK IL, 61115

Phone: (815) 636-7502
Fax (815) 636-5912
www.machinetoolbuilders.com

Maguire Technologies
www.maguiretech.com

Matrix Precision Co. Ltd.
www.matrix-machine.tw

Mazak Corporation
www.mazakusa.com

Meccanica Nova Corporation
www.novagrinders.com

Miller Broach
www.millerbroach.com

Molon Motor and Coil
www.molon.com

Mutschler Edge Technologies
www.mutschleredgetech.com

Nachi America Inc.
www.nachiamerica.com

Nagel Precision
www.nagelusa.com

Nemade Engineers Pvt. Ltd.
www.nemade.in

Nidec Machine Tool America
46992 LIBERTY DRIVE
WIXOM, MI 48393

Phone: (248) 669-6136
Fax: (248) 669-0614
www.nidec-machinetoolamerica.com

Normac, Inc.
www.normac.com

Northwest Electric Motor Company
www.northwestmotor.com

Ohio Broach & Machine Co.
www.ohiobroach.com

ORT Italia
www.ortitalia.com

Parker Industries Inc.
parkerindustriesinc.com

SEE AD
Page 5

Do you make gears? Nidec can help you
improve your gear manufacturing with
cutting tools, machines, automation and
good advice. Let's have a conversation.
Call Scott Knoy: 248-756-5017

Nidec Machine Tool America

SEE AD
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Capital Tool Industries
www.capital-tool.com

Capstan Atlantic
www.capstanatlantic.com

Cattini North America Corp.
1690 OPPORTUNITY AVENUE
CHAMBERSBURG, PA 17201
Phone: (717) 262-2120
www.cattinina.com

Cleveland Deburring Machine Co.
www.cdmcmachine.com

CNC Center
www.cnccenter.com

Compressed Gas Technologies Inc.
www.nitrogen-generators.com

D.C. Morrison Company
www.dcmorrison.com

Danobat Machine Tool Co. Inc.
www.danobatusa.com

Dianamic Abrasive Products Inc.
www.dianamic.com

DMG MORI USA
www.dmgmori-usa.com

Drake Manufacturing
www.drakemfg.com

Drive Lines Technologies Ltd
www.drivelines.co.uk

DVS Technology America, Inc.
44099 PLYMOUTH OAKS BLVD.
PLYMOUTH, MI 48170

Phone: (734) 656-2073
Fax: (734) 656-2091
www.dvs-technology.com/en/dvs-group

DVS Universal Grinding GmbH
www.dvs-technology.com/en/dvs-universal-grinding

Empire Machine Tools—MFTM Division
www.emtmftm.com

Fellows Machine Tools
www.bourn-koch.com

Felsomat USA Inc.
www.felsomat.com

Fixtureworks
www.fixtureworks.net

Fuji Machine America Corp.
www.fujimachine.com

Gearspect s.r.o.
www.gearspect.com

GearTec
www.geartec.com

Gehring L.P.
www.gehring.de

General Broach Company
www.generalbroach.com

Gleason Corporation
1000 UNIVERSITY AVENUE
ROCHESTER, NY 14607

Phone: (585) 473-1000
www.gleason.com

GMTA German Machine Tools of America
www.gmtamerica.com

Goldstein Gear Machinery LLC
www.goldsteingearmachinery.com

Greg Allen Company
www.gallenco.com

Haas Multigrind LLC
www.multigrind.com

Hamai Co. Ltd.
www.hamai.com/en

Hanik Corporation
www.hanikcorp.com

Harmonic Drive LLC
www.harmonicdrive.net

Havlik Gear
www.havlikgear.com

SEE AD
Page 44

SEE AD
Page 3

SEE AD
Page 19, Inside 
Back Cover

Helios Gear Products
www.heliosgearproducts.com

Höfler—A Brand of Klingelnberg
www.klingelnberg.com/en/business-divisions/
cylindrical-gear-technology

IMPCO Microfinishng
www.impco.com

IMT Group India
www.imtgrindinggroup.com

Index Corporation
us.index-traub.com

Involute Gear & Machine Company
46449 CONTINENTAL DRIVE
CHESTERFIELD, MI 48047
Phone: 1-586-329-3755
Fax: 1-586-329-3965
www.involutegearmachine.com

ISC Companies
www.isccompanies.com

James Engineering
www.james-engineering.com

JX Shot Blasting Machine Manufacturer Co., 
Ltd.
www.jxabrasives.com

KAPP NILES GmbH & Co. KG
2870 WILDERNESS PLACE
BOULDER, CO 80301

Phone: (303) 447-1130
Fax: (303) 447-1131
www.kapp-niles.com/en

Kinefac Corporation
www.kinefac.com

Klingelnberg
PETERSTRASSE 45
HUECKESWAGEN 42499

GERMANY
Phone: +(49) 2192-810
Fax: +(49) 2192-81200 
www.klingelnberg.com

Knuth Machine Tools USA, Inc.
www.knuth-usa.com

Kushal Udhyog
www.kushaludhyog.com

Lafert North America
www.lafertna.com

Lambda Technologies
www.lambdatechs.com

Leeson Electric
www.regalrexnord.com/Brands/LEESON

Leistritz Advanced Technology Corp.
www.leistritzcorp.com

Liebherr America
www.liebherr.com

SEE AD
Page 14

Machines | Tools | Technology | Metrology | Services | Digitisation

www.kapp-niles.com

SEE AD
Page 19, 23,  
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Penta Gear Metrology LLC
(Kapp Niles)

6161 WEBSTER STREET
DAYTON, OH 45414
Phone: (937) 660-8182
pentagear.com

Pioneer Broach Co.
www.pioneerbroach.com

Pittler T&S
www.pittler.de
PRAEWEMA 
www.dvs-technology.com/praewema-antrieb-
stechnik

Precision Finishing Inc.
www.precisionfinishinginc.com

Precision Surfacing Solutions
www.pss-atd.com

Preco, LLC 
www.precollc.com

Prime Technologies
www.gear-testers.com

PTG Holroyd
www.holroyd.com

QC American
www.qcamerican.com

Qua-Tech Industries
www.qua-tech.com

Ravjeet Engineering Specialty Ltd. 
ravjeet.com

Redin Production Machine
www.redinmachine.com

Reishauer Corporation
www.reishauer.com
Reliance Gear Corporation
www.reliancegear.com

Roders GmbH
www.roeders.de

Rotec Tools Ltd.
www.rotectools.com

Russell Holbrook & Henderson
www.tru-volute.com

SAMP India Pvt. Ltd.
www.samputensili.com

Samputensili S.p.A.  
www.samputensili.com

SerWeMa GmbH & Co. KG
www.serwema.de

Setco Precision Spindles
www.setco.com

Sichuan Mighty Machinery Co. Ltd.
www.sc-mighty.com

Sinto America
www.sintoamerica.com

Sokhi Heli-Wom Gears Pvt. Ltd.
www.gearboxindia.com

Southern Gear & Machine
3685 NW 106TH ST.
MIAMI, FL 33147

Phone: (305) 691-6300
www.southerngear.com

SEE AD
Page 32, 46

No Money for Capital Equipment Purchases? NO PROBLEM!

REPOWER

6161 Webster St.  Dayton, OH  •  Tel: 937-660-8182  •  Fax: 937-660-4521  •  Sales@Pentagear.com  •  gearinspection.com

REPOWERED BY Penta Gear
• Analytical Inspection Machine
• Roll Testers
• Single Flank
• DOB Inspection Gauges

SIGMA 3 M&M 3025

VISIT US AT BOOTH #3607

“ The guy with the 
most data WINS!”

Penta Gear Metrology offers 
the G Series DOB/DOP Gage.

Now available in
EDRO or PC Versions
This Gage saves all inspection 
data as CSV or Q-DAS

• Store part data with 
Tolerances

• Record multiple 
measurements and report 
average values

• Automatic part inspection 
with the push of a button

SEE AD
Page 17

Spiroid Gearing
www.spiroidgearing.com

Star Cutter Co. India
www.starcutter.com

Star SU LLC
5200 PRAIRIE STONE PKWY. 
STE. 100

HOFFMAN ESTATES, IL 60192
Phone: (847) 649-1450
www.star-su.com

Steelmans Broaches Pvt. Ltd.
www.steelmans.com

Surface Finishing Equipment Co.
www.sfecindia.net

Surplex GmbH
www.surplex.com/en/

Thyssenkrupp Rothe Erde USA Inc.
www.thyssenkrupp-rotheerde.com

Toolink Engineering
www.toolink-eng.com

Trishul Machine Tools Pvt. Ltd.
www.trishulmachine.com

Ty Miles, Inc.
www.tymiles.com

U.S. Equipment
www.usequipment.com

Ultramatic Equipment
ultramatic-equipment.com

VL Motion Systems Inc.
www.vlmotion.com

Wajax
www.wajax.com

WardJet
www.wardjet.com

WD Bearing America
wdbearings.com

Wendt (India) Ltd.
Wendtindia.com

Willrich Precision Instrument Company
willrich.com

Yieh Chen Machinery
www.yiehchen.com

ZRIME
www.zrime.com.cn

GRINDING WHEELS & 
ABRASIVE TOOLS

Abtex Corp.
www.abtex.com

Accu-Cut Diamond Tool Co.
www.accucutdiamond.com

AccuBrass
www.accubrass.com

BK Power Systems—An Integrated Corrosion 
Co.
www.bkpowersystems.com

Brighton Laboratories
www.brightonlabs.com

Carborundum Universal Ltd.
www.cumiabrasives.com

CGW—Camel Grinding Wheels
www.cgwcamel.com

Cleveland Deburring Machine Co.
www.cdmcmachine.com

Continental Diamond Tool Corporation
www.cdtusa.net

Dianamic Abrasive Products Inc.
www.dianamic.com

Dr. Kaiser Diamantwerkzeuge
www.drkaiser.de

SEE AD
Inside Front Cover, 

Page 1, 45

DTR Corp. (formerly Dragon Precision 
Tools)

1261 WILEY ROAD, UNIT K
SCHAUMBURG IL 60173
Phone: (847) 375-8892
Fax: (224) 220-1311
www.dragon.co.kr

DVS Technology America, Inc.
44099 PLYMOUTH OAKS BLVD.
PLYMOUTH, MI 48170

Phone: (734) 656-2073
Fax: (734) 656-2091
www.dvs-technology.com/en/dvs-group

DVS Tooling GmbH
www.dvs-tooling.de

GAM Enterprises
www.gamweb.com

Gear Resource Technologies Inc.
www.gear-resource.com

Gehring L.P.
www.gehring.de

Gleason Corporation
1000 UNIVERSITY AVENUE
ROCHESTER, NY 14607

Phone: (585) 473-1000
www.gleason.com

Greg Allen Company
www.gallenco.com

Helios Gear Products
www.heliosgearproducts.com

HPB Motion Control Co. Ltd.
www.hpb-industry.com

Interstate Tool Corp.
www.itctoolcorp.com

JX Shot Blasting Machine Manufacturer Co., 
Ltd.
www.jxabrasives.com

KAPP NILES GmbH & Co. KG
2870 WILDERNESS PLACE
BOULDER, CO 80301

Phone: (303) 447-1130
Fax: (303) 447-1131
www.kapp-niles.com/en

Klingelnberg
PETERSTRASSE 45
HUECKESWAGEN 42499

GERMANY
Phone: +(49) 2192-810
Fax: +(49) 2192-81200 
www.klingelnberg.com 

Knuth Machine Tools USA, Inc.
www.knuth-usa.com

Kushal Udhyog
www.kushaludhyog.com

Lambda Technologies
www.lambdatechs.com

Liebherr America
www.liebherr.com

Marposs Corporation
www.marposs.com

Matrix Precision Co. Ltd.
www.matrix-machine.tw

Modern Gearing
www.moderngearing.com

MRO Electric and Supply
www.mroelectric.com

Mutschler Edge Technologies
www.mutschleredgetech.com

Nagel Precision
www.nagelusa.com

Naxos-Diskus Schleifmittelwerke GmbH
www.naxos-diskus.de

Norton | Saint-Gobain
www.nortonabrasives.com

SEE AD
Page 15

SEE AD
Page 3

SEE AD
Page 19, Inside 
Back Cover

SEE AD
Page 19, 23,  
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Osborn International
www.osborn.com

Particular Technology, Inc.
www.particulartechnology.com

Philadelphia Carbide Co.
www.philacarbide.com

Precision Spindle & Accessories Inc.
https://precisionspindleinc.com

Precision Surfacing Solutions
www.pss-atd.com

Precision Technologies Group (PTG) Ltd. 
www.holroyd.com

QC American
www.qcamerican.com

Ravjeet Engineering Specialty Ltd. 
ravjeet.com

Redin Production Machine
www.redinmachine.com

Reishauer Corporation
www.reishauer.com
Riverside Spline & Gear
www.splineandgear.com
S.L. Munson & Company

www.slmunson.com
Samputensili S.p.A.  
www.samputensili.com

Sandvik Asia Pvt. Ltd.
www.sandvik.coromant.com

Schnyder SA
www.schnyder.com

Sitlab S.r.l.
www.sitab-abrasives.com

Star SU LLC
5200 PRAIRIE STONE PKWY. 
STE. 100

HOFFMAN ESTATES, IL 60192
Phone: (847) 649-1450
www.star-su.com

Steelmans Broaches Pvt. Ltd.
www.steelmans.com

Stella Keramik GmbH
www.stella-gruppe.com

Stone Tucker Instruments Inc.
www.stone-tucker.com

Toolink Engineering
www.toolink-eng.com

Torque Transmission
www.torquetrans.com

Ultramatic Equipment
ultramatic-equipment.com

Vargus USA
www.vargususa.com

VL Motion Systems Inc.
www.vlmotion.com

WD Bearing America
wdbearings.com

Wendt (India) Ltd.
Wendtindia.com

Yash International
www.yashtools.com

HEAT TREATING 
EQUIPMENT & SUPPLIES

A&A Coatings
www.thermalspray.com

Abbott Furnace Company 
www.abbottfurnace.com

AFC-Holcroft
www.afc-holcroft.com

Agnee Transmissions (I) Pvt Ltd
www.agneetransmissions.com

Ajax Tocco Magnethermic
www.ajaxtocco.com

SEE AD
Inside Front Cover, 

Page 1, 45

Aksan Steel Forging
www.aksanforging.com

Ambrell Precision Induction Heating
www.ambrell.com

Atlanta Gear Works
www.atlantagear.com

Baart Industrial Group
www.baartgroup.com

Bega Special Tools
www.bega.nl

Bharat Gears Ltd.
www.bharatgears.com

Cascade TEK
www.cascadetek.com

Compressed Gas Technologies Inc.
www.nitrogen-generators.com

Contour Hardening Inc.
www.contourhardening.com

D-A Lubricant Company Inc.
www.dalube.com

The Duffy Company
www.duffycompany.com

East Coast Induction
www.eastcoastind.com

EFD Induction Inc.
www.efdinduction-usa.com

eldec Induction GmbH
www.eldec.net

ElectroHeat Induction
www.electroheatinduction.com

Empire Machine Tools—MFTM Division
www.emtmftm.com

Euclid Heat Treating
www.euclidheattreating.com

Furnaces, Ovens & Baths Inc.
www.fobinc.com

Gasbarre Thermal Processing Systems
www.gasbarre.com

GH Induction Atmospheres
www.gh-ia.com

Gleason Corporation
1000 UNIVERSITY AVENUE
ROCHESTER, NY 14607

Phone: (585) 473-1000
www.gleason.com

Goldstein Gear Machinery LLC
www.goldsteingearmachinery.com

Haumea Srl
www.haumea.com

Heavy Carbon Co., LLC
www.heavycarbon.com

IHI Ionbond Inc.
www.ionbond.com

Inductoheat Inc.
www.inductoheat.com

Inductotherm Corp.
www.inductotherm.com

Infrared Heating Technologies
www.infraredheating.com

Ionitech Ltd.
www.ionitech.com

Ipsen Global
www.ipsenglobal.com

Jones Metal Products Company
www.jmpforming.com

Kiesler Machine Inc.
www.kieslermachine.com

Koncar Termotehnika d.o.o.
www.koncar-termotehnika.hr

Motultech
www.motul.com

Nisha Engineers
www.nishagroup.com

SEE AD
Page 19, Inside 
Back Cover

Nitrex Inc.
www.nitrex.com

Penta Gear Metrology LLC
(Kapp Niles)

6161 WEBSTER STREET
DAYTON, OH 45414
Phone: (937) 660-8182
pentagear.com

PhoenixTM
www.phoenixtm.com

Preco, LLC 
www.precollc.com

Pyromaitre
pyromaitreovens.com/en/

Radyne Corporation
www.radyne.com

Rave Gears LLC
www.ravegears.com

Rubig US, Inc.
www.rubig.com

Seco/Vacuum Technologies LLC
www.secovacusa.com

Seco/Warwick Allied Pvt. Ltd.
www.secowarwick.com

Seco/Warwick Group
www.secowarwick.com

Shailnick Chemicals P. Ltd.
www.shailnick.com

Sinto America
www.sintoamerica.com

SMS Elotherm North America
www.sms-elotherm.com/en/

Solar Manufacturing 
1969 CLEARVIEW RD.
SOUDERTON, PA 18964
Phone: (267) 384-5040
www.solarmfg.com

Special Ingranaggi
www.specialingranaggi.com/en/

Surface Combustion
www.surfacecombustion.com

TM Induction Heating
www.tminductionheating.com

Wellman Wacoma Limited
www.wellmanwacoma.com

Whitmore
www.whitemores.com

Wickert USA
www.wickert-usa.com

Zion Industries
www.zioninduction.com

ZRIME
www.zrime.com.cn

ZZN Transmission Plant
www.zzn-transmissions.com

HEAT TREATING SERVICES
Aalberts Surface Technologies
www.aalberts-ht.us

SEE AD
Page 32, 46

T H E  B R I G H T E S T  S O L U T I O N S 
T H R O U G H  I N G E N U I T Y

VACUUM HEAT TREATING FURNACES
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Agnee Transmissions (I) Pvt Ltd
www.agneetransmissions.com

Ajax Tocco Magnethermic
www.ajaxtocco.com

Aksan Steel Forging
www.aksanforging.com

American Metal Treating Co.
www.americanmetaltreating.com

Ampere Metal Finishing
www.amperemetal.com

Applied Thermal Technologies
www.appliedthermaltechnologies.com

Bennett Heat Treating & Brazing Co. Inc.
www.bennettheat.com

Best Technology Inc.
www.besttechnologyinc.com

Bharat Gears Ltd.
www.bharatgears.com

Bierens Machinefabrieken B.V.
www.bierens.com

Bluewater Thermal Solutions
www.bluewaterthermal.com

Bodycote Thermal Processing
www.bodycote.com

Boneng Transmission USA LLC
www.boneng.com

Braddock Metallurgical
www.braddockmt.com

Cambridge Heat Treating Inc.
www.cambridgeheattreating.com

Cascade TEK
www.cascadetek.com

Certified Steel Treating
www.certifiedsteeltreat.com

Chicago Flame Hardening
www.cflame.com

Cincinnati Steel Treating—CST
www.steeltreating.com

Complete Heat Treating
www.completeht.com

Contour Hardening Inc.
www.contourhardening.com

Cramlington Precision Forge Limited
www.cpfl-tvs.com

Cryogenic Institute of New England Inc.
www.nitrofreeze.com

Curtiss-Wright Surface Technologies
www.cwst.com

Darby Metal Treating
www.darbymetaltreating.com

Dayton Forging and Heat Treating
www.daytonforging.com

The Duffy Company
www.duffycompany.com

Eagle Tool Company Inc.
www.eaglebroach.com

East-Lind Heat Treat, Inc.
www.eastlind.com

EFD Induction Inc.
www.efdinduction-usa.com

ElectroHeat Induction
www.electroheatinduction.com

EquipNet
www.equipnet.com

Erasteel Inc.
www.erasteel.com

ERS Engineering Corp.
www.ersengine.com

Euclid Heat Treating
www.euclidheattreating.com

Felsomat USA Inc.
www.felsomat.com

Forgital Group
www.forgital.com

General Metal Heat Treating Inc.
www.generalmetalheat.com

Gibbs Gears Precision Engineers
www.gibbsgears.com

Gleason Corporation
1000 UNIVERSITY AVENUE
ROCHESTER, NY 14607

Phone: (585) 473-1000
www.gleason.com

Heat Treating Services Corporation of America
www.htsmi.com

Hudapack Metal Treating
www.hudapack.com

IHI Ionbond Inc.
www.ionbond.com

IMT Forge Group including Clifford-Jacobs 
Forge
www.imtforgegroup.com

Induction Services Inc.
www.inductionservicesinc.com

Inductoheat Inc.
www.inductoheat.com

Industrial Hard Carbon LLC
www.industrialhardcarbon.com

Industrial Metal Finishing, Inc.
www.indmetfin.com

Industrial Pulley & Machine Co, Inc.
www.industrialpulley.com

Infrared Heating Technologies
www.infraredheating.com

Ionitech Ltd.
www.ionitech.com

Jones Metal Products Company
www.jmpforming.com

JVL Industri Elektronik A/S
www.jvl.dk

Kiesler Machine Inc.
www.kieslermachine.com

Klingelnberg
PETERSTRASSE 45
HUECKESWAGEN 42499

GERMANY
Phone: +(49) 2192-810
Fax: +(49) 2192-81200 
www.klingelnberg.com

Kowalski Heat Treating
www.khtheat.com

Lalson Tools Corporation
www.lalsoncuttingtools.com

Lambda Technologies
www.lambdatechs.com

Mackeil Ispat & Forging Ltd.
www.mackeilforgings.com

Magnetic Inspection Laboratory
www.milinc.com

Magnum Induction
www.magnuminduction.com

Metallurgical Processing, Inc.
www.mpimetaltreating.com

Metlab
www.metlabheattreat.com

Mid-South Metallurgical
www.midsouthmetallurgical.com

Midwest Themal-Vac Inc.
www.mtvac.com

MMR Precision Gears
www.mastermachinerepair.com

Nachi America Inc.
www.nachiamerica.com

Nisha Engineers
www.nishagroup.com

Nitrex Inc.
www.nitrex.com

SEE AD
Page 19, Inside 
Back Cover

SEE AD
Back Cover

Oerlikon Balzers – PPD Division
www.oerlikon.com/en/

Ohio Vertical Heat Treat
www.ov-ht.com

Oregon Induction + Thermal
www.oregoninductionthermal.com
Ovako
www.ovako.com

Paulo
www.paulo.com

Penna Flame Industries
www.pennaflame.com

Penticton Foundry
www.pentictonfoundry.com

Peters’ Heat Treating, Inc. 
www.petersheattreat.com

Precision Finishing Inc.
www.precisionfinishinginc.com

Precision Heat Treating Co.
https://precision-heat-treating-corporation.business.
site/

Preco, LLC 
www.precollc.com

Rex Heat Treat
www.rexht.com

Riley Gear Corporation
www.rileygear.com

Rubig US, Inc.
www.rubig.com

Sedlock Companies
www.sedlockcompanies.com

SMS Elotherm North America
www.sms-elotherm.com/en/

Solar Atmospheres
1969 CLEARVIEW RD.
SOUDERTON, PA 18964
Phone: (855) 723-6460
www.solaratm.com

Somers Forge
www.somersforge.com

Special Ingranaggi
www.specialingranaggi.com/en/

Specialty Steel Treating Inc.
www.sst.net

Spectrum Thermal Processing
www.spectrumtp.com

Sun Steel Treating Inc.
www.sunsteeltreating.com

SWD Inc.
www.swdinc.com

Thermetco Inc.
www.thermetco.com

Thermtech
www.thermtech.net

Thyssenkrupp Rothe Erde USA Inc.
www.thyssenkrupp-rotheerde.com

TimkenSteel Corporation
www.timkensteel.com

Titanium Coating Services Inc.
www.pvdamerica.com

Vacuum Heat Treating Services

Carburizing and nitriding 
for critical gearing

SEE AD
Page 4, 33, 34
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Treat All Metals, Inc.
www.treatallmetals.com

United Gear and Assembly, Inc.
www.ugaco.com

VaporKote
www.vaporkote.com

Varitron Engineering (Taiwan) Co., Ltd.
www.c-var.com

Whitmore
www.whitemores.com

Wickert USA
www.wickert-usa.com

Willman Industries Inc.
www.willmanind.com

Zion Industries
www.zioninduction.com

ZRIME
www.zrime.com.cn

INSPECTION EQUIPMENT
AB Dynamics
www.abd.uk.com

ABM Drives Inc.
www.abm-drives.us/

ABTech Inc.
www.abtechmfg.com

Accu-Cut Diamond Tool Co.
www.accucutdiamond.com

Accurate Engineering Company Pvt. Ltd. 
www.accurategauging.com

Advent Tool and Manufacturing Inc.
www.advent-threadmill.com

AIS Technologies Group
www.aistechgroup.com

Aksan Steel Forging
www.aksanforging.com

Arnold Magnetic Technologies
www.arnoldmagnetics.com

Ash Gear & Supply
www.ashgear.com

Becker GearMeisters, Inc.
www.maagmachines.com

Beyta Gear Service
www.beytagear.com

BK Power Systems—An Integrated Corrosion 
Co.
www.bkpowersystems.com

Blackbox Technologies
www.blackboxtech.in

Bonfiglioli USA Inc.
www.bonfiglioli.com/usa/en

Broach Masters / Universal Gear Co.
www.broachmasters.com

Buehler—An ITW Company
www.buehler.com

Capital Tool Industries
www.capital-tool.com

Celanese
www.celanese.com

Certified Comparator Products (CCP)
www.certifiedcomparator.com

CN Technical Services Ltd (CN Tech)
www.cntech.co.uk

CNC Center
www.cnccenter.com

Comtorgage Corporation
www.comtorgage.com

Dino-Lite
www.dinolite.us

Drewco Workholding
www.drewco.com

Empire Machine Tools—MFTM Division
www.emtmftm.com

Emuge-Franken USA
www.emuge.com

Ever Sharp Tools (EST) America
10138 RADIANCE DR
IRA TOWNSHIP, MI 48023
Phone: 810-824-3323
www.est-us.com

FHUSA-TSA
www.fhusa-tsa.com

Flexbar Machine Corporation
www.flexbar.com

Foerster Instruments Incorporated
www.foerstergroup.com

Frenco GmbH
www.frenco.de

Fuji Machine America Corp.
www.fujimachine.com

Furnaces, Ovens & Baths Inc.
www.fobinc.com

Gage Assembly Company
www.gageassembly.com

Galaxy Sourcing Inc.
www.galaxysourcing.com

Gearspect s.r.o.
www.gearspect.com

Gleason Corporation
1000 UNIVERSITY AVENUE
ROCHESTER, NY 14607

Phone: (585) 473-1000
www.gleason.com

Global DriveTrain Inc.
www.globaldrivetraininc.com

Goldstein Gear Machinery LLC
www.goldsteingearmachinery.com

Greg Allen Company
www.gallenco.com

Hanik Corporation
www.hanikcorp.com

Hansford Sensors
www.hansfordsensors.com/us/

Helios Gear Products
www.heliosgearproducts.com

HobSource Inc.
834 E. RAND RD, SUITE 2
MOUNT PROSPECT, IL 60056
Phone: (847) 398-8320
Fax: (847) 398-8326
www.hobsource.com

HVH Industrial Solutions
www.hvhindustrial.com

Innovative Analytical Solutions
www.steelanalyzer.com

Interstate Tool Corp.
www.itctoolcorp.com

Juncera Automations
www.junceraautomations.com

KAPP NILES GmbH & Co. KG
2870 WILDERNESS PLACE
BOULDER, CO 80301

Phone: (303) 447-1130
Fax: (303) 447-1131
www.kapp-niles.com/en

Klingelnberg
PETERSTRASSE 45
HUECKESWAGEN 42499

GERMANY
Phone: +(49) 2192-810
Fax: +(49) 2192-81200 
www.klingelnberg.com

Kudale Instruments Pvt. Ltd.
www.kudaleinstruments.com

L.S. Starrett Co.
www.starrett.com

Lambda Technologies
www.lambdatechs.com

SEE AD
Page 45

SEE AD
Page 19, Inside 
Back Cover

SEE AD
Page 44

SEE AD
Page 19, 23,  

31, 37

SEE AD
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Liebherr America
www.liebherr.com

Maheen Enterprises
www.maheenbroaches.com

Mahr Inc.
www.mahr.com

Marposs Corporation
www.marposs.com

Miller Broach
www.millerbroach.com

Mitutoyo America Corporation
www.mitutoyo.com

Mitutoyo South Asia Pvt. Ltd.
www.mitutoyoindia.com

Modern Gearing
www.moderngearing.com

Motherson Advanced Tooling Solutions LTD
www.matsltd.com

MRO Electric and Supply
www.mroelectric.com

Musashi AI
www.musashiamericas.com/ai-project

Mutschler Edge Technologies
www.mutschleredgetech.com

Nachi America Inc.
www.nachiamerica.com

Nemade Engineers Pvt. Ltd.
www.nemade.in

Newage Testing Instruments
www.hardnesstesters.com

Ono Sokki Technology, Inc.
www.onosokki.net

Parker Industries Inc.
parkerindustriesinc.com

Penta Gear Metrology LLC
(Kapp Niles)

6161 WEBSTER STREET
DAYTON, OH 45414
Phone: (937) 660-8182
pentagear.com

Phase II 
www.phase2plus.com

Pioneer Broach Co.
www.pioneerbroach.com

Precision Gage Co., Inc.
www.precisiongageco.com

Prime Technologies
www.gear-testers.com

Proto Manufacturing 
12350 UNIVERSAL DRIVE
TAYLOR, MI 48180
Phone: (734) 946-0974
www.protoxrd.com

QMS Inc.
qms-ky.com

Qua-Tech Industries
www.qua-tech.com

Quality Vision Services (QVS)
www.qvsi.com

RAM Optical Instrumentation
www.ramoptical.com

Ravjeet Engineering Specialty Ltd. 
ravjeet.com

Reska Spline Gage
www.reskasplinegauge.com

Russell Holbrook & Henderson
www.tru-volute.com

SAMP India Pvt. Ltd.
www.samputensili.com

Samputensili S.p.A.  
www.samputensili.com

Sandvik Asia Pvt. Ltd.
www.sandvik.coromant.com

SEE AD
Page 32, 46

SEE AD
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Schnyder SA
www.schnyder.com

Sensor Products Inc.
www.sensorprod.com

SerWeMa GmbH & Co. KG
www.serwema.de

SMS Elotherm North America
www.sms-elotherm.com/en/

Spline Gage Solutions
splinegagesolutions.com

Star Cutter Co. India
www.starcutter.com

Star SU LLC
5200 PRAIRIE STONE PKWY. 
STE. 100

HOFFMAN ESTATES, IL 60192
Phone: (847) 649-1450
www.star-su.com

Stone Tucker Instruments Inc.
www.stone-tucker.com

Stotz Gaging Co.
www.stotz-usa.com

Stresstech Oy
www.stresstech.com

Surplex GmbH
www.surplex.com/en/

Techcellence
www.broachindia.com

TechnoMax, Inc.
www.technomax-j.com

Tokyo Technical Instruments Inc.
www.tti-geartec.jp

United Gear Works
unitedgearworks.com

United Tool Supply
united-tool.com

USA Borescopes
www.usaborescopes.com

View Micro-Metrology
www.viewmm.com

VL Motion Systems Inc.
www.vlmotion.com

Wenzel America
www.wenzelamerica.com

Westport Gage
www.westportcorp.com

Willrich Precision Instrument Company
willrich.com

Yilmaz Reduktor Sanayi ve Tic A.S.
www.yr.com.tr

Zoller Inc.
www.zoller-usa.com

ZRIME
www.zrime.com.cn

LUBRICANTS
A.W. Chesterton Company
www.chestertonlubricants.chesterton.com/en-us

ABM Drives Inc.
www.abm-drives.us/

American Refining Group, Inc.
www.amref.com

B&B Manufacturing Inc.
www.bbman.com

Bearings Limited
www.bearingslimited.com

BFK Solutions LLC
www.bfksolutions.com

Blaser Swisslube Inc.
www.blaser.com

Bodycote Thermal Processing
www.bodycote.com

Brighton Laboratories
www.brightonlabs.com

SEE AD
Inside Front Cover, 
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Carborundum Universal Ltd.
www.cumiabrasives.com

Castrol Industrial North America Inc.
www.castrol.com/industrial

D-A Lubricant Company Inc.
www.dalube.com

Des-Case Corporation
www.descase.com

Dillon Chuck Jaws
www.dillonmfg.com

Etna Products, Inc.
www.etna.com

Evolvent Design
www.evolventdesign.com

Forest City Gear Co.
11715 MAIN STREET
ROSCOE, IL 61073

Phone: (815) 623-2168
Fax: (815) 623-6620
www.forestcitygear.com

Fuchs Lubricants Company
www.fuchs.com

General Magnaplate
www.magnaplate.com

Hoffmann Filter Corporation
www.hoffmannfilter.com

HVH Industrial Solutions
www.hvhindustrial.com

Hydrotex
www.hydrotexlube.com

Industrial Speciality Lubricants Co. (ISLUB)
www.islub.com

Isel Inc.
www.iselinc.com

Klüber Lubrication North America L.P.
www.klueber.com

Lubriplate Lubricants Co.
www.lubriplate.com

Microsurface Corporation
www.ws2coating.com

ML Lubrication Inc.
www.ml-lubrication.com

MMT Productivity
www.mmtproductivity.com

Motultech
www.motul.com

Nye Lubricants
www.nyelubricants.com

Oelheld U.S., Inc.
1100 Wesemann Dr.
West Dundee, IL 60118
www.oelheld.com

Paras Lubricants Ltd.
www.palco.co.in

Particular Technology, Inc.
www.particulartechnology.com

Petro Lubes Inc.
www.petrolubesinc.com

Petronomics Mfg. Group, Inc.
www.petronomics.com

RedLine Tools
www.redlinetools.com

Shell Lubricants
www.shellus.com

SWD Inc.
www.swdinc.com

Syn-Tech Ltd.
www.syn-techlube.com

United Gear Works
unitedgearworks.com

United Tool Supply Ltd.
unitedtoolsupply.com

Voelker Sensors, Inc.
www.vsi-oil.com

SEE AD
Page 11

Whitmore
www.whitemores.com

Yantai Bonway Manufacturer
www.bonwaygroup.com

MACHINE TOOLS
A&A Coatings
www.thermalspray.com

Accu-Cut Diamond Tool Co.
www.accucutdiamond.com

AccuBrass
www.accubrass.com

Aksan Steel Forging
www.aksanforging.com

Ampere Metal Finishing
www.amperemetal.com

ANCA, Inc.
www.anca.com

AquaEase Infinity System
www.hubbardhall.com/aquaease-infinity-system

Artec Machine Systems
www.artec-machine.com

AX Control, Inc
www.axcontrol.com

Baart Industrial Group
www.baartgroup.com

Balanstar Corp.
www.balanstar.com

Becker GearMeisters, Inc.
www.maagmachines.com

Best Technology Inc.
www.besttechnologyinc.com

Beyta Gear Service
www.beytagear.com

BFK Solutions LLC
www.bfksolutions.com

Blackbox Technologies
www.blackboxtech.in

Bohle Machine Tools, Inc.
www.bmtbohle.com

Brighton Laboratories
www.brightonlabs.com

Broaching Machine Specialties
www.broachingmachine.com

BUDERUS Schleiftechnik GmbH
www.buderus-schleiftechnik.de

Buehler—An ITW Company
www.buehler.com

C&B Machinery
www.cbmachinery.com

Capital Tool Industries
www.capital-tool.com

Carborundum Universal Ltd.
www.cumiabrasives.com

Castrol Industrial North America Inc.
www.castrol.com/industrial

Cattini North America Corp.
1690 OPPORTUNITY AVENUE
CHAMBERSBURG, PA 17201
Phone: (717) 262-2120
www.cattinina.com

Cleveland Deburring Machine Co.
www.cdmcmachine.com

CNC Center
www.cnccenter.com

Cosen Saws
www.cosensaws.com

Creative Automation, Inc.
www.cautomation.com

D.C. Morrison Company
www.dcmorrison.com

Danobat Machine Tool Co. Inc.
www.danobatusa.com

SEE AD
Page 44
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Des-Case Corporation
www.descase.com

DISKUS WERKE Schleiftechnik GmbH
www.diskus-werke.de

DMG MORI USA
www.dmgmori-usa.com

Drake Manufacturing
www.drakemfg.com

Drive Lines Technologies Ltd
www.drivelines.co.uk

The Duffy Company
www.duffycompany.com

DVS Technology America, Inc.
44099 PLYMOUTH OAKS BLVD.
PLYMOUTH, MI 48170

Phone: (734) 656-2073
Fax: (734) 656-2091
www.dvs-technology.com/en/dvs-group

DVS Universal Grinding GmbH
www.dvs-technology.com/en/dvs-universal-grinding

ElectroHeat Induction
www.electroheatinduction.com

Empire Machine Tools—MFTM Division
www.emtmftm.com

Felsomat USA Inc.
www.felsomat.com

Fixtureworks
www.fixtureworks.net

Flexbar Machine Corporation
www.flexbar.com

Foerster Instruments Incorporated
www.foerstergroup.com

Fuji Machine America Corp.
www.fujimachine.com

Furnaces, Ovens & Baths Inc.
www.fobinc.com

Galomb Inc.
www.injectionmolder.net

Gasbarre Thermal Processing Systems
www.gasbarre.com

Gehring L.P.
www.gehring.de

General Broach Company
www.generalbroach.com

General Magnaplate
www.magnaplate.com

GH Induction Atmospheres
www.gh-ia.com

Gleason Corporation
1000 UNIVERSITY AVENUE
ROCHESTER, NY 14607

Phone: (585) 473-1000
www.gleason.com

GMTA German Machine Tools of America
www.gmtamerica.com

Goldstein Gear Machinery LLC
www.goldsteingearmachinery.com

Haas Multigrind LLC
www.multigrind.com

Havlik Gear
www.havlikgear.com

Heiko Machine Tools
www.heikomachine.com

Hines Industries
www.hinesindustries.com

HobSource Inc.
834 E. RAND RD, SUITE 2
MOUNT PROSPECT, IL 60056
Phone: (847) 398-8320
Fax: (847) 398-8326
www.hobsource.com

Hoffmann Filter Corporation
www.hoffmannfilter.com

SEE AD
Page 3

SEE AD
Page 19, Inside 
Back Cover

SEE AD
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HPB Motion Control Co. Ltd.
www.hpb-industry.com

HPI Processes Inc.
www.hpipro.com

Hy-Pro Filtration
www.hyprofiltration.com

Hydrotex
www.hydrotexlube.com

I-MAK Reduktor
www.imakreduktor.com

IMPCO Microfinishng
www.impco.com

IMT Group India
www.imtgrindinggroup.com

Index Corporation
us.index-traub.com

Industrial Hard Carbon LLC
www.industrialhardcarbon.com

Inovatec Machinery
www.inovatecmachinery.com

Integrated Components Inc.
www.integratedcomponentsinc.com

Interstate Tool Corp.
www.itctoolcorp.com

Ion Vacuum (IVAC) Technologies Corp.
www.ivactech.com

ISC Companies
www.isccompanies.com

Jenfab
www.jenfab.com

Jones Metal Products Company
www.jmpforming.com

Juncera Automations
www.junceraautomations.com

Kachelmann Getriebe GmbH
www.kachelmann.de

KAPP NILES GmbH & Co. KG
2870 WILDERNESS PLACE
BOULDER, CO 80301

Phone: (303) 447-1130
Fax: (303) 447-1131
www.kapp-niles.com/en

Kennametal Inc.
www.kennametal.com

KGK International Corp.
www.kgki.com

Kiesler Machine Inc.
www.kieslermachine.com

Kinefac Corporation
www.kinefac.com

Klingelnberg
PETERSTRASSE 45
HUECKESWAGEN 42499

GERMANY
Phone: +(49) 2192-810
Fax: +(49) 2192-81200 
www.klingelnberg.com

Knuth Machine Tools USA, Inc.
www.knuth-usa.com

Machines | Tools | Technology | Metrology | Services | Digitisation

www.kapp-niles.com

SEE AD
Page 19, 23,  

31, 37

SEE AD
Back Cover

Kushal Udhyog
www.kushaludhyog.com

Kwikmark Inc.
www.kwikmark.com

Lafert North America
www.lafertna.com

Lambda Technologies
www.lambdatechs.com

Laser Tools Co.
www.lasertoolsco.com

Leistritz Advanced Technology Corp.
www.leistritzcorp.com

Liebherr America
www.liebherr.com

Machine Tool Builders—MTB
7723 BURDEN ROAD
MACHESNEY PARK IL, 61115

Phone: (815) 636-7502
Fax (815) 636-5912
www.machinetoolbuilders.com

Maguire Technologies
www.maguiretech.com

Matrix Precision Co. Ltd.
www.matrix-machine.tw

Mazak Corporation
www.mazakusa.com

Meccanica Nova Corporation
www.novagrinders.com

Metallurgical Processing, Inc.
www.mpimetaltreating.com

Miller Broach
www.millerbroach.com

MMR Precision Gears
www.mastermachinerepair.com

MMT Productivity
www.mmtproductivity.com

Modern Gearing
www.moderngearing.com

MRO Electric and Supply
www.mroelectric.com

Mutschler Edge Technologies
www.mutschleredgetech.com

Nachi America Inc.
www.nachiamerica.com

Nagel Precision
www.nagelusa.com

Nemade Engineers Pvt. Ltd.
www.nemade.in

GEAR
   UP!
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Nidec Machine Tool America
46992 LIBERTY DRIVE
WIXOM, MI 48393

Phone: (248) 669-6136
Fax: (248) 669-0614
www.nidec-machinetoolamerica.com

Normac, Inc.
www.normac.com

NTC America Corporation
www.ntcmc.com

Oerlikon Balzers USA
www.oerlikon.com/balzers/us/en/

Ohio Broach & Machine Co.
www.ohiobroach.com

Penna Flame Industries
www.pennaflame.com

Penta Gear Metrology LLC
(Kapp Niles)

6161 WEBSTER STREET
DAYTON, OH 45414
Phone: (937) 660-8182
pentagear.com

Pioneer Broach Co.
www.pioneerbroach.com

Pittler T&S
www.pittler.de
PRAEWEMA 
www.dvs-technology.com/praewema-antrieb-

stechnik
Precision Finishing Inc.
www.precisionfinishinginc.com

Precision Spindle & Accessories Inc.
https://precisionspindleinc.com

Precision Surfacing Solutions
www.pss-atd.com

Preco, LLC 
www.precollc.com

PTG Holroyd
www.holroyd.com

QC American
www.qcamerican.com

QMS Inc.
qms-ky.com

R.A. Heller Co.
raheller.com

RAM Optical Instrumentation
www.ramoptical.com

Reade Advanced Materials
www.reade.com

Redin Production Machine
www.redinmachine.com

Renegade Parts Washers and Detergents
www.renegadepartswashers.com

Rewitec GmbH
www.rewitec.com

Riten Industries, Inc.
www.riten.com

Roders GmbH
www.roeders.de

Russell Holbrook & Henderson
www.tru-volute.com

Do you make gears? Nidec can help you
improve your gear manufacturing with
cutting tools, machines, automation and
good advice. Let's have a conversation.
Call Scott Knoy: 248-756-5017

Nidec Machine Tool America

SEE AD
Page 9, 29, 31, 38, 

40, 42

SEE AD
Page 32, 46

Samputensili S.p.A.  
www.samputensili.com

Sandvik Asia Pvt. Ltd.
www.sandvik.coromant.com

Schunk
www.schunk.com

Schutte LLC
www.schutteusa.com

SerWeMa GmbH & Co. KG
www.serwema.de

Setco Precision Spindles
www.setco.com

Shibaura Machine
shibaura-machine.com

Shivam Autotech Ltd.
www.shivamautotech.com

Shreecon Gear
shreecongear.com

Sichuan Mighty Machinery Co. Ltd.
www.sc-mighty.com

Sinto America
www.sintoamerica.com

Slater Tools Inc.
www.slatertools.com

SMS Elotherm North America
www.sms-elotherm.com/en/

Somers Forge
www.somersforge.com

Star SU LLC
5200 PRAIRIE STONE PKWY. 
STE. 100

HOFFMAN ESTATES, IL 60192
Phone: (847) 649-1450
www.star-su.com

Stotz Gaging Co.
www.stotz-usa.com

Stresstech Oy
www.stresstech.com

Surplex GmbH
www.surplex.com/en/

SWD Inc.
www.swdinc.com

Titanium Coating Services Inc.
www.pvdamerica.com

Toolink Engineering
www.toolink-eng.com

Tribo Surface Engineering LLC
www.tribosurfaceengineering.com

Trishul Machine Tools Pvt. Ltd.
www.trishulmachine.com

Ty Miles, Inc.
www.tymiles.com

U.S. Equipment
www.usequipment.com

Ultramatic Equipment
ultramatic-equipment.com

Ultrasonic LLC
www.ultrasonicllc.com

United Grinding
grinding.com

VaporKote
www.vaporkote.com

View Micro-Metrology
www.viewmm.com

Voelker Sensors, Inc.
www.vsi-oil.com

WardJet
www.wardjet.com

Watkins Mfg. Inc.
watkinssaw.com

Wendt (India) Ltd.
Wendtindia.com

Westfalia Technologies
www.westfaliausa.com

SEE AD
Inside Front Cover, 
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ZRIME
www.zrime.com.cn

RESOURCES
AGMA
1001 N. Fairfax Street, Suite 500
ALEXANDRIA, VA 22314

Phone: (703) 684-0211
www.agma.org

AGMA Media
1001 N. Fairfax Street, Suite 500
ALEXANDRIA, VA 22314

Phone: (847) 437-6604
www.geartechnology.com

American Bearing Manufacturers Association
www.americanbearings.org

American Wind Energy Association
www.cleanpower.org

AMT—The Association for Manufacturing 
Technology
www.amtonline.org

ASM International
www.asminternational.org

Gear Research Institute
APPLIED RESEARCH LAB
PENN STATE UNIVERSITY

UNIVERSITY PARK, PA 16802
Phone: (814) 865-5832
www.gearresearch.org

Metal Powder Industries Federation (MPIF)
www.mpif.org

Metal Powder Products
www.mppinnovation.com

Noria Corporation
www.noria.com

Thors, LLC
www.thors.com

VDI
www.vdi.de

Virgo Communications & Exhibitions Pvt. Ltd.
www.virgo-comm.com

ZRIME
www.zrime.com.cn

SERVICES
2 Channel Transmission
www.2channeltransmission.com

A&A Coatings
www.thermalspray.com

AB Dynamics
www.abd.uk.com

Accurate Engineering Company Pvt. Ltd. 
www.accurategauging.com

Acorn Industrial Services Ltd.
www.acorn-ind.co.uk

Advanced Coating Technologies
www.actechnol.com

Affiliated Distributors
www.adhq.com

Agnee Transmissions (I) Pvt Ltd
www.agneetransmissions.com

Airflow Sciences Corporation
www.airflowsciences.com

Aksan Steel Forging
www.aksanforging.com

Ampere Metal Finishing
www.amperemetal.com

AmTech OEM
www.amtechinternational.com

Andec Mfg. Ltd.
www.andec.ca

Apex Broaching Systems
www.apexbroach.com

SEE AD
Page 24

SEE AD
Page 55, 67, 71

SEE AD
Page 44
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Applied Dynamics
www.applied-dynamics.com

Artec Machine Systems
www.artec-machine.com

Artemis Vision
www.artemisvision.com

Atlanta Gear Works
www.atlantagear.com
Avers Machine and Gear dba Innovative 
Rack & Gear

www.gearacks.com
AX Control, Inc
www.axcontrol.com

Baart Industrial Group
www.baartgroup.com

Balanstar Corp.
www.balanstar.com

Bartlett Bearing Company, Inc.
www.bartlettbearing.com

Bearing Engineering Company
www.bearingengineering.com

Bearing Headquarters
www.bearingheadquarters.com

Bearings and Industrial Supply Company, Inc.
www.bearingsnow.com

Becker GearMeisters, Inc.
www.maagmachines.com

Best Technology Inc.
www.besttechnologyinc.com

Beyta Gear Service
www.beytagear.com

Bharat Gears Ltd.
www.bharatgears.com

Blackbox Technologies
www.blackboxtech.in

Bodine Electric Company
www.bodine-electric.com

Bosch Rexroth
www.boschrexroth-us.com

Broach Masters / Universal Gear Co.
www.broachmasters.com

Broaching Technologies, LLC
www.keyway-spline-broaching.com

Brother Gearmotors
www.brother-usa.com/gearmotors

Buehler—An ITW Company
www.buehler.com

C&B Machinery
www.cbmachinery.com

Capital Tool Industries
www.capital-tool.com

Cattini North America Corp.
1690 OPPORTUNITY AVENUE
CHAMBERSBURG, PA 17201
Phone: (717) 262-2120
www.cattinina.com

Cincinnati Gearing Systems
www.cincinnatigearingsystems.com
Cleveland Gear Co.
www.clevelandgear.com

CNC Center
www.cnccenter.com

Cogmatic
www.cogmatic.com

Comtec Mfg. Inc.
www.comtecmfg.com

Cramlington Precision Forge Limited
www.cpfl-tvs.com

Dana Fairfield
www.fairfieldmfg.com
David Brown Santasalo
www.dbsantasalo.com

Dixitech CNC
www.dixitechcnc.com

SEE AD
Page 44

Dorris Gear Drives
www.dorrisco.com

Drive Lines Technologies Ltd
www.drivelines.co.uk

Drivetrain Hub
www.drivetrainhub.com

Dunkermotoren USA Inc.
www.dunkermotoren.com

DVS Technology America, Inc.
44099 PLYMOUTH OAKS BLVD.
PLYMOUTH, MI 48170

Phone: (734) 656-2073
Fax: (734) 656-2091
www.dvs-technology.com/en/dvs-group

Eagle Tool Company Inc.
www.eaglebroach.com

Eaglemaster Inc.
www.eaglemasterinc.com

East-Lind Heat Treat, Inc.
www.eastlind.com

Elecon Engineering Co.
www.elecon.com

ElectroHeat Induction
www.electroheatinduction.com

Ellwood City Forge Group
www.ellwoodcityforge.com

Ever Sharp Tools (EST) America
10138 RADIANCE DR
IRA TOWNSHIP, MI 48023
Phone: 810-824-3323
www.est-us.com

Evolvent Design
www.evolventdesign.com
Excel Gear
www.excelgear.com

Filmecc USA
www.filmecc-us.com

Framo Morat Inc.
www.framo-morat.com

Frenco GmbH
www.frenco.de

Furnaces, Ovens & Baths Inc.
www.fobinc.com

Gear Motions, Inc.
www.gearmotions.com
GearTec
www.geartec.com

Gehring L.P.
www.gehring.de

General Magnaplate
www.magnaplate.com

Gibbs Gears Precision Engineers
www.gibbsgears.com

Gleason Corporation
1000 UNIVERSITY AVENUE
ROCHESTER, NY 14607

Phone: (585) 473-1000
www.gleason.com

Global DriveTrain Inc.
www.globaldrivetraininc.com

GMTA German Machine Tools of America
www.gmtamerica.com

Greg Allen Company
www.gallenco.com

Groschopp Inc.
www.groschopp.com
GWJ Technology GmbH
www.gwj.de

Hansford Sensors
www.hansfordsensors.com/us/

Harmonic Drive LLC
www.harmonicdrive.net

Helios Gear Products
www.heliosgearproducts.com

SEE AD
Page 3

SEE AD
Page 45
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Helix Linear Technologies
www.helixlinear.com

Hero Motors
www.heromotors.com

Highfield Gears and Machining Ltd.
www.highfieldgears.co.uk

HobSource Inc.
834 E. RAND RD, SUITE 2
MOUNT PROSPECT, IL 60056
Phone: (847) 398-8320
Fax: (847) 398-8326
www.hobsource.com

Hydrotex
www.hydrotexlube.com

I-MAK Reduktor
www.imakreduktor.com

IHI Ionbond Inc.
www.ionbond.com

IMPCO Microfinishng
www.impco.com

Industrial Automation Co.
www.industrialautomationco.com

Industrial Hard Carbon LLC
www.industrialhardcarbon.com

Industrial Metal Finishing, Inc.
www.indmetfin.com

Innovative Analytical Solutions
www.steelanalyzer.com

Involute Powergear Pvt. Ltd.
www.involutetools.com

Ion Vacuum (IVAC) Technologies Corp.
www.ivactech.com

jbj Techniques Limited
www.jbj.co.uk

Jesse Garant Metrology Center
www.jgarantmc.com

Jones Metal Products Company
www.jmpforming.com

Juncera Automations
www.junceraautomations.com

Kachelmann Getriebe GmbH
www.kachelmann.de

Kaydon Corporation Bearings (A SKF Brand)
www.kaydonbearings.com

Kingsford Broach & Tool Inc.
www.kingsfordbroach.com

Kisco Gears
www.kiscogears.com

Kudale Instruments Pvt. Ltd.
www.kudaleinstruments.com

Lafert North America
www.lafertna.com

Lalson Tools Corporation
www.lalsoncuttingtools.com

Leeson Electric
www.regalrexnord.com/Brands/LEESON

Li Gear
www.ligear.com

Logan Clutch Corp
www.loganclutch.com

Lomar Machine & Tool Co.
www.lomar.com/products-equipment/rack-pinion

Luco Power Transmission Co. Ltd.
www.lucopt.com

SEE AD
Page 44
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Machine Tool Builders—MTB
7723 BURDEN ROAD
MACHESNEY PARK IL, 61115

Phone: (815) 636-7502
Fax (815) 636-5912
www.machinetoolbuilders.com

Machinists Inc.
www.machinistsinc.com

Magnetic Inspection Laboratory
www.milinc.com

Maguire Technologies
www.maguiretech.com

Mahr Inc.
www.mahr.com

Malloy Electric
www.malloywind.com

Masternet Ltd.
www.masternetltd.com

Matrix Precision Co. Ltd.
www.matrix-machine.tw

MESYS AG
www.mesys.ag

Metallurgical Processing, Inc.
www.mpimetaltreating.com

Micro Surface Corp.
www.microsurfacecorp.com

Milburn Engineering, Inc.
www.milburnengineering.com

Miller Broach
www.millerbroach.com

Mitsubishi Materials USA
www.mmus.com

Mitutoyo America Corporation
www.mitutoyo.com

MMP Technology
www.mmptechnology.com

Molon Motor and Coil
www.molon.com

Motherson Advanced Tooling Solutions LTD
www.matsltd.com

Motor & Gear Engineering Inc.
www.motorgearengineer.com

MRO Electric and Supply
www.mroelectric.com

MTI Systems Inc.
www.mtisystems.com

New England Gear
www.newenglandgear.com

NGC Transmission Europe GmbH
www.ngctransmission.com/en

Nichiei Company, Ltd.
www.nichiei-ind.com/en

GEAR
   UP!

SEE AD
Page 5

Do you make gears? Nidec can help you
improve your gear manufacturing with
cutting tools, machines, automation and
good advice. Let's have a conversation.
Call Scott Knoy: 248-756-5017

Nidec Machine Tool America

Nidec Machine Tool America
46992 LIBERTY DRIVE
WIXOM, MI 48393

Phone: (248) 669-6136
Fax: (248) 669-0614
www.nidec-machinetoolamerica.com

Nordex, Inc.
426 FEDERAL ROAD
BROOKFIELD, CT 06804

Phone: 203-775-4877
Fax: 203-775-6552
www.nordex.com

Northwest Electric Motor Company
www.northwestmotor.com

Nuttall Gear
ww.nuttallgear.com

Oerlikon Balzers – PPD Division
www.oerlikon.com/en/

Oerlikon Balzers USA
www.oerlikon.com/balzers/us/en/

Om Engineering Works
www.omengineeringworks.in

Ondrives US Corp.
www.ondrivesus.com

Onvio LLC
www.onviollc.com

Orbitless Drives Inc.
www.orbitless.com

P.G. Drive
www.pgdrive.com

P.T. International Corp. (PTI)
www.ptintl.com

Peening Technologies
https://peentech.com

Perry Technology Corporation
www.perrygear.com
Philadelphia Gear (A Timken Brand)
www.philagear.com
Pittler T&S
www.pittler.de
Power Engineering and Manufacturing 
www.pemltd.com
PRAEWEMA 
www.dvs-technology.com/praewema-antrieb-

stechnik
Precipart 
www.precipart.com

Precision Drive Systems (PDS)
4367 DALLAS CHERRYVILLE HIGHWAY
BESSEMER CITY, NC 28016
Phone: (704) 922-1206
https://spindlerepair.com

Precision Spindle & Accessories Inc.
https://precisionspindleinc.com

Precision Surfacing Solutions
www.pss-atd.com

Proto Manufacturing 
12350 UNIVERSAL DRIVE
TAYLOR, MI 48180
Phone: (734) 946-0974
www.protoxrd.com

SEE AD
Page 9, 29, 31, 38, 

40, 42

SEE AD
Page 45

SEE AD
Page 44

SEE AD
Page 21

PST Group (Precision Screw Thread)
(MTI Motion) 
mtimotion.com

QMS Inc.
qms-ky.com

Quality Reducer Service
www.qualityreducer.com

Radicon Drive Systems, Inc.
us.radicon.com

Regal Rexnord
www.regalrexnord.com
REM Surface Engineering
www.remchem.com

Renishaw Inc.
www.renishaw.com

Renold
www.renold.com

Rewitec GmbH
www.rewitec.com

Ricardo UK Ltd.
www.ricardo.com

Riley Gear Corporation
www.rileygear.com
Riverside Spline & Gear
www.splineandgear.com

Romax Technology
www.romaxtech.com

S.R.K. Tools Industries
www.srktoolsindustries.in

S.S. Tools
www.sstools.net

SAMP India Pvt. Ltd.
www.samputensili.com

Samputensili S.p.A.  
www.samputensili.com

Sandvik Asia Pvt. Ltd.
www.sandvik.coromant.com

Sandvik Coromant
www.sandvik.coromant.com

Sedlock Companies
www.sedlockcompanies.com

Sesame Motor Corp.
www.sesamemotor.com.tw

Setco India Service Center
www.setco.com

SEW-EURODRIVE
www.seweurodrive.com

Shanghai Shine Transmission Machinery Co.
www.syptworld.com

Shijiazhuang CAPT Power Transmission Co.
www.chssb.com

Shreecon Gear
shreecongear.com

SIPCO
www.sipco-mls.com

Six Star
www.sixstar.com.tw

Smart Manufacturing Technology 
(SMT)

101 WEST BIG BEAVER ROAD, STE. 1400
TROY, MI 48084
Phone: (248) 449-2946
Sales_usa@smartmt.com
www.smartmt.com

 Sokhi Heli-Wom Gears Pvt. Ltd.
www.gearboxindia.com

Somers Forge
www.somersforge.com

Southern Gear & Machine
3685 NW 106TH ST.
MIAMI, FL 33147

Phone: (305) 691-6300
www.southerngear.com

SEE AD
Page 20

SEE AD
Page 17
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Spencer Pettus
www.spgear.com

Star Cutter Co. India
www.starcutter.com

Star SU LLC
5200 PRAIRIE STONE PKWY. 
STE. 100

HOFFMAN ESTATES, IL 60192
Phone: (847) 649-1450
www.star-su.com

Stock Drive Products/Sterling Instrument 
(SDP/SI)

www.sdp-si.com
Stone Tucker Instruments Inc.
www.stone-tucker.com

Stresstech Oy
www.stresstech.com

Supreme Gear Co.
www.supremegear.com

Surface Finishing Equipment Co.
www.sfecindia.net

SWD Inc.
www.swdinc.com

Titanium Coating Services Inc.
www.pvdamerica.com

Toledo Gearmotor
www.toledogear.com

TopGun Consulting LLC
www.topgunconsulting.com

Transcyko
transcyko.com

Trescal
www.trescal.com

TVT America
www.tvtamerica.com

Ty Miles, Inc.
www.tymiles.com

U.S. Equipment
www.usequipment.com

Ultramatic Equipment
ultramatic-equipment.com

United Gear Works
unitedgearworks.com

United Tool Supply
united-tool.com

United Tool Supply Ltd.
unitedtoolsupply.com

USA Borescopes
www.usaborescopes.com

VaporKote
www.vaporkote.com

Veracity Technology Solutions
www.veracityts.com

Victrex Gear Solutions
www.victrex.com/en/gears

Viking Equipment Finance
www.vikingequipmentfinance.com

Wajax
www.wajax.com

Web Gear Services Ltd.
www.webgearservices.com

WEG
www.weg.net

Willrich Precision Instrument Company
willrich.com

SOFTWARE
Aalberts Surface Technologies
www.aalberts-ht.us

AB Dynamics
www.abd.uk.com

ABB Motors
www.baldor.com

SEE AD
Inside Front Cover, 
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Acorn Industrial Services Ltd.
www.acorn-ind.co.uk

Affiliated Distributors
www.adhq.com

American Swiss Products
www.americanswiss.com

Artis Division of Marposs
www.artis.de

Ash Gear & Supply
www.ashgear.com

Bierens Machinefabrieken B.V.
www.bierens.com

Blackbox Technologies
www.blackboxtech.in

Bodine Electric Company
www.bodine-electric.com
Bonfiglioli USA Inc.
www.bonfiglioli.com/usa/en

Bosch Rexroth
www.boschrexroth-us.com

Broach Masters / Universal Gear Co.
www.broachmasters.com

Camnetics Inc.
www.camnetics.com

Cogmatic
www.cogmatic.com

Community PC
www.meshingwithgears.com

Comtec Mfg. Inc.
www.comtecmfg.com

DMG MORI USA
www.dmgmori-usa.com

Dontyne Systems
www.dontynesystems.com

Drake Manufacturing
www.drakemfg.com

Drivetrain Hub
www.drivetrainhub.com

Emerson Industrial Automation—Drives & 
Motor
www.emerson.com/en-us/automation-solutions

ESI ITI GmbH
www.simulationx.com

Euklid CAD/CAM AG
www.euklid-cadcam.com

Evolvent Design
www.evolventdesign.com
Excel Gear
www.excelgear.com

Frenco GmbH
www.frenco.de

Gleason Corporation
1000 UNIVERSITY AVENUE
ROCHESTER, NY 14607

Phone: (585) 473-1000
www.gleason.com

Groschopp Inc.
www.groschopp.com
GWJ Technology GmbH
www.gwj.de

Hero Motors
www.heromotors.com

Hi-Tech e Soft
www.hitechesoft.com

Involute Simulation Software Inc.
www.hygears.com

Juncera Automations
www.junceraautomations.com

Kadkraft Systems Pvt. Ltd.
www.kadkraft.com

SEE AD
Page 19, Inside 
Back Cover

KISSsoft AG
ROSENGARTENSTRASSE 4
BUBIKON 8608

SWITZERLAND
Phone: 0041 (0)55 254 20 70
Fax: 0041 (0)55 254 20 71
www.kisssoft.com/en

Klingelnberg
PETERSTRASSE 45
HUECKESWAGEN 42499

GERMANY
Phone: +(49) 2192-810
Fax: +(49) 2192-81200 
www.klingelnberg.com

Leeson Electric
www.regalrexnord.com/Brands/LEESON

Lenze Americas
www.lenze.com

Liebherr America
www.liebherr.com

Logan Clutch Corp
www.loganclutch.com

Maguire Technologies
www.maguiretech.com

Malloy Electric
www.malloywind.com

Marposs Corporation
www.marposs.com

MESYS AG
www.mesys.ag

MIJNO-USA
www.mijno.com

Mitutoyo America Corporation
www.mitutoyo.com

Mitutoyo South Asia Pvt. Ltd.
www.mitutoyoindia.com

MTI Systems Inc.
www.mtisystems.com

Musashi AI
www.musashiamericas.com/ai-project

Normac, Inc.
www.normac.com

Open Mind Technologies
www.openmind-tech.com/en-us/

Orbitless Drives Inc.
www.orbitless.com

P.G. Drive
www.pgdrive.com

Penta Gear Metrology LLC
(Kapp Niles)

6161 WEBSTER STREET
DAYTON, OH 45414
Phone: (937) 660-8182
pentagear.com

Precision Gage Co., Inc.
www.precisiongageco.com

Prime Technologies
www.gear-testers.com

PTG Holroyd
www.holroyd.com

Renold
www.renold.com

Ricardo UK Ltd.
www.ricardo.com

Rockwell Automation
www.rockwellautomation.com

Romax Technology
www.romaxtech.com

Sandvik Coromant
www.sandvik.coromant.com

SerWeMa GmbH & Co. KG
www.serwema.de

Sesame Motor Corp.
www.sesamemotor.com.tw

SEE AD
Page 19

SEE AD
Back Cover
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Shijiazhuang CAPT Power Transmission Co.
www.chssb.com

Smart Manufacturing Technology 
(SMT)

101 WEST BIG BEAVER ROAD, STE. 1400
TROY, MI 48084
Phone: (248) 449-2946
Sales_usa@smartmt.com
www.smartmt.com

Spiroid Gearing
www.spiroidgearing.com

Stotz Gaging Co.
www.stotz-usa.com

Stresstech Oy
www.stresstech.com

Techcellence
www.broachindia.com

Thermo-Calc Software Inc.
thermocalc.com

Toledo Gearmotor
www.toledogear.com

Transmission Developments Co. (GB) Ltd.
www.transdev.co.uk

United Gear Works
unitedgearworks.com

Universal Technical Systems, Inc.
www.uts.com

Wajax
www.wajax.com

WardJet
www.wardjet.com

Web Gear Services Ltd.
www.webgearservices.com
Wenzel America
www.wenzelamerica.com

Yager Gear Enterprise Co. Ltd.
www.yagergear.com

Yash International
www.yashtools.com

Yilmaz Reduktor Sanayi ve Tic A.S.
www.yr.com.tr

Zontec
www.zontec-spc.com

ZRIME
www.zrime.com.cn

USED MACHINERY
Ajax Tocco Magnethermic
www.ajaxtocco.com

Apex Auctions Inc.
www.apexauctions.com

Artec Machine Systems
www.artec-machine.com

AX Control, Inc
www.axcontrol.com

Blackbox Technologies
www.blackboxtech.in

Dixitech CNC
www.dixitechcnc.com

Fairfield Auctions
www.lotsurf.com

Gear Machinery Exchange
www.gearmachineryexchange.com

Gear Motions, Inc.
www.gearmotions.com
Gibbs Machinery Company
www.gibbsmachinery.com

Goldstein Gear Machinery LLC
www.goldsteingearmachinery.com

Gray Machinery Company
www.graymachinery.com

Hilco Industrial
www.hilcoci.com

SEE AD
Page 20

Mohawk Machinery Inc.
www.mohawkmachinery.com

PPL Group
www.pplauction.com

Prestige Equipment
www.prestigeequipment.com

SPX Cooling Technologies, Inc.
www.spxcooling.com

Trescal
www.trescal.com

U.S. Equipment
www.usequipment.com

ZRIME
www.zrime.com.cn

WORKHOLDING & 
TOOLHOLDING

A&A Coatings
www.thermalspray.com

Accu-Cut Diamond Tool Co.
www.accucutdiamond.com

Apex Broaching Systems
www.apexbroach.com

Ash Gear & Supply
www.ashgear.com

Baart Industrial Group
www.baartgroup.com

Balanstar Corp.
www.balanstar.com

Blackbox Technologies
www.blackboxtech.in

Broach Masters / Universal Gear Co.
www.broachmasters.com

Chevin Tools Inc.
www.chevintools.com

Cincinnati Gearing Systems
www.cincinnatigearingsystems.com

Cleveland Deburring Machine Co.
www.cdmcmachine.com

Concept Engineers
www.conceptarbors.net

Dillon Chuck Jaws
www.dillonmfg.com

Dinanath
www.dinanathengineering.com

Dr. Kaiser Diamantwerkzeuge
www.drkaiser.de

Drewco Workholding
www.drewco.com

Drive Lines Technologies Ltd
www.drivelines.co.uk

Eagle Tool Company Inc.
www.eaglebroach.com

Emuge-Franken USA
www.emuge.com

Engineered Tools Corp.
www.engineeredtools.com

Ever Sharp Tools (EST) America
10138 RADIANCE DR
IRA TOWNSHIP, MI 48023
Phone: 810-824-3323
www.est-us.com

Fixtureworks
www.fixtureworks.net

Frenco GmbH
www.frenco.de

Fuji Machine America Corp.
www.fujimachine.com

Galaxy Sourcing Inc.
www.galaxysourcing.com

Gear Resource Technologies Inc.
www.gear-resource.com

SEE AD
Page 45

Gleason Corporation
1000 UNIVERSITY AVENUE
ROCHESTER, NY 14607

Phone: (585) 473-1000
www.gleason.com

Greg Allen Company
www.gallenco.com

HobSource Inc.
834 E. RAND RD, SUITE 2
MOUNT PROSPECT, IL 60056
Phone: (847) 398-8320
Fax: (847) 398-8326
www.hobsource.com

HPB Motion Control Co. Ltd.
www.hpb-industry.com

Industrial Spares Manufacturing Co.
www.industrialsparesfromindia.com

Industrial Tools Corporation
www.industrialtoolscorp.com

Interstate Tool Corp.
www.itctoolcorp.com

Juncera Automations
www.junceraautomations.com

Kennametal Inc.
www.kennametal.com

KHK USA Inc
www.khkgears.us

Kitagawa Northtech Workholding
www.kitagawa.global

Kitagawa Europe
www.kitagawa.global

Klingelnberg
PETERSTRASSE 45
HUECKESWAGEN 42499

GERMANY
Phone: +(49) 2192-810
Fax: +(49) 2192-81200 
www.klingelnberg.com

Knuth Machine Tools USA, Inc.
www.knuth-usa.com

Lyndex-Nikken
www.lyndexnikken.com

Martin Sprocket & Gear
www.martinsprocket.com

Miller Broach
www.millerbroach.com

MMT Productivity
www.mmtproductivity.com

Motherson Advanced Tooling Solutions LTD
www.matsltd.com

Nachi America Inc.
www.nachiamerica.com

Nidec Machine Tool America
46992 LIBERTY DRIVE
WIXOM, MI 48393

Phone: (248) 669-6136
Fax: (248) 669-0614
www.nidec-machinetoolamerica.com

Ningbo Zhongda Transmission Co.
www.zddriver.com

Northfield Precision Instrument Corp.
www.northfield.com

SEE AD
Page 19, Inside 
Back Cover

SEE AD
Page 44

SEE AD
Back Cover

Do you make gears? Nidec can help you
improve your gear manufacturing with
cutting tools, machines, automation and
good advice. Let's have a conversation.
Call Scott Knoy: 248-756-5017

Nidec Machine Tool America

SEE AD
Page 9, 29, 31, 38, 
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Ohio Broach & Machine Co.
www.ohiobroach.com

P.G. Engineers
www.pgcollets.info

Parker Industries Inc.
parkerindustriesinc.com

Penta Gear Metrology LLC
(Kapp Niles)

6161 WEBSTER STREET
DAYTON, OH 45414
Phone: (937) 660-8182
pentagear.com

Phase II 
www.phase2plus.com

Pioneer Broach Co.
www.pioneerbroach.com

Polygon Solutions
www.polygonsolutions.com

Precision Gage Co., Inc.
www.precisiongageco.com

Precision Spindle & Accessories Inc.
https://precisionspindleinc.com

QC American
www.qcamerican.com

QMS Inc.
qms-ky.com

RedLine Tools
www.redlinetools.com

Reska Spline Gage
www.reskasplinegauge.com

Riten Industries, Inc.
www.riten.com

Samchully Machinery Co., Ltd.
www.samchully.com

Schunk
www.schunk.com

Slater Tools Inc.
www.slatertools.com

Speedgrip Chuck
www.speedgrip.com

Star SU LLC
5200 PRAIRIE STONE PKWY. 
STE. 100

HOFFMAN ESTATES, IL 60192
Phone: (847) 649-1450
www.star-su.com

Steelmans Broaches Pvt. Ltd.
www.steelmans.com

Stotz Gaging Co.
www.stotz-usa.com

Toolink Engineering
www.toolink-eng.com

United Gear Works
unitedgearworks.com

VW Broaching Services, Inc.
www.vwbroaching.com

Viking Forge, LLC
www.viking-forge.com

Wajax
www.wajax.com

No Money for Capital Equipment Purchases? NO PROBLEM!

REPOWER

6161 Webster St.  Dayton, OH  •  Tel: 937-660-8182  •  Fax: 937-660-4521  •  Sales@Pentagear.com  •  gearinspection.com

REPOWERED BY Penta Gear
• Analytical Inspection Machine
• Roll Testers
• Single Flank
• DOB Inspection Gauges

SIGMA 3 M&M 3025

VISIT US AT BOOTH #3607

“ The guy with the 
most data WINS!”

Penta Gear Metrology offers 
the G Series DOB/DOP Gage.

Now available in
EDRO or PC Versions
This Gage saves all inspection 
data as CSV or Q-DAS

• Store part data with 
Tolerances

• Record multiple 
measurements and report 
average values

• Automatic part inspection 
with the push of a button

SEE AD
Page 32, 46

SEE AD
Inside Front Cover, 
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GEARS, GEAR DRIVES and 
POWER TRANSMISSION COMPONENTS
The following advertisers in this issue of Gear Technology also 
appeared with hundreds of other suppliers in the Buyer's Guide in 
the December 2022 issue of Power Transmission Engineering. They 
can also be found online at powertransmission.com.

B&R Machine and Gear Corp.
4809 U.S. HWY. 45
SHARON, TN 38255

Phone: (731) 456-2636 or
(800) 238-0651
Fax: (731) 456-3073
www.brgear.com

Cattini North America Corp.
1690 OPPORTUNITY AVENUE
CHAMBERSBURG, PA 17201
Phone: (717) 262-2120
www.cattinina.com

Circle Gear & Machine Co.
1501 S. 55TH COURT
CICERO, IL 60804

Phone: (708) 652-1000
Fax: (708) 652-1100
www.circlegear.com

Forest City Gear Co.
11715 MAIN STREET
ROSCOE, IL 61073

Phone: (815) 623-2168
Fax: (815) 623-6620
www.forestcitygear.com

Gleason Corporation
1000 UNIVERSITY AVENUE
ROCHESTER, NY 14607

Phone: (585) 473-1000
www.gleason.com

McInnes Rolled Rings
1533 EAST 12TH STREET
ERIE, PA 16511

Phone: (800) 569-1420 or (814) 459-4495
Fax: (814) 459-8443
www.mcinnesrolledrings.com

Miba Sinter USA, LLC
5045 N. STATE RTE. 60
MCCONNELSVILLE, OH 43756
Phone: (724) 272-3295
www.miba.com

SEE AD
Page 16

SEE AD
Page 44

SEE AD
Page 46

SEE AD
Page 11

SEE AD
Page 19, Inside 
Back Cover

SEE AD
Page 13

Miba Sinter Group
is the technology leader in powder 
metal applications offering a wide 
variety of production processes.

SEE AD
Page 45

Midwest Gear & Tool, Inc.
15700 COMMON RD.
ROSEVILLE, MI 48066
Phone: (586) 779-1300
Fax: (586) 779-6790
mwgear@midwestgear.net

Nordex, Inc.
426 FEDERAL ROAD
BROOKFIELD, CT 06804

Phone: 203-775-4877
Fax: 203-775-6552
www.nordex.com

Smart Manufacturing Technology 
(SMT)

101 WEST BIG BEAVER ROAD, STE. 1400
TROY, MI 48084
Phone: (248) 449-2946
Sales_usa@smartmt.com
www.smartmt.com

Southern Gear & Machine
3685 NW 106TH ST.
MIAMI, FL 33147

Phone: (305) 691-6300
www.southerngear.com

SEE AD
Page 23

SEE AD
Page 45

SEE AD
Page 20

SEE AD
Page 17
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Manufacturing sMart

INDUSTRY LEADING

WARRANTY ON
REPAIRED SPINDLES

24 MONTH

WHY WAIT 6-12 MONTHS
FOR A NEW SPINDLE?

DON’T BE THE VICTIM OF A COMPROMISED SUPPLY CHAIN!

VIRTUALLY ALL BRANDS REPAIRED!

› Risk-free- No fees for root cause failure analysis and spindle repair quote 
› Quick- Standard repair services completed in 3-5 business days
› Quicker- Emergency repair service available 

3-5 DAY SPINDLE REPAIR UP TO 50% OF NEW SPINDLE COST

Custom gear cutting tools

Performance
Dependability

Value

www.hobsource.com
866.HOB.TOOL

Gears for the 
toughest machines 

on earth.

Together, we are the force
that moves the world.

We offer a wide variety of manufacturing capabilities covering 
almost the entire powertrain and driveline applications.

We make available one of the widest production capability for custom 
gears for heavy duty vehicles of the entire industry to enable our O.E.M. 
Customers to focus more on their projects. 

www.cattinina.com
Pedetemptim sed incessanter®

IATF 16949 and ISO 14004 Certified
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Miba Sinter USA, LLC
5045 N. State Rte. 60
McConnelsville, OH 43756
TEL: (724) 272-3295
Jamie.Vavala@Miba.com 

Miba Sinter Group is the technology leader in powder metal appli-
cations offering a wide variety of production processes. Semi-fin-
ished (near-net) blanks finalized by partner gear manufacturers 
deliver reduced machining time, waste, and costs.  

www.miba.com

Technology for Gear Solutions

•  Net shape gears with NVH performance

•  High strength and precision

•  Spur and helical gears available

•  High mechanical properties similar to solid steel

•  Cost optimized design and production

Custom Engineering,
Prototype Work,
Precision Machining,
Assemblies and
Standard Components 

Your online source for Gears, pulleys, shafts, 
bearings, couplings, fasteners, custom gear boxes, 

ISO9001:2015 & AS9100D, ITAR Registered, NIST.SP800-171R1,
Trace Certified , Class 100 clean room

Sales@Nordex.com Eng@Nordex.com 203-775-4877  

www.nordex.comwww.nordex.com

- Hobs
- Milling Cutters
- Shaper Cutters
- Shaving Cutters
- Broaches

Hoffman Estates, IL

Sharpening Services

Service Centers

Phone: 847.649.1450
Fax: 847.649.0112

East Tawas, MI
Phone: 989.362.0414

Fax: 989.362.2720
Querétaro, Mexico
Phone: 52 442 217 34 45

Fax: 52 442 217 34 46

sales@star-su.com
www.star-su.com
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Manufacturing sMart

The  
Power  
of One2

Your Objective:  
One face in perfect alignment with another. For infinity.
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AGMA TECHNICAL COMMITTEE UPDATE

Three New AGMA Publications
Phillip Olson, Director, AGMA Technical Services

AGMA is pleased to announce the 
publication of three new documents: 
AG M A  9 2 3 - C 2 2 ,  Me t a l lu rg i c a l 
Specifications for Steel and Cast 
Iron Gearing, written by the AGMA 
Metallurgy and Materials Committee, 
AGMA 929-B22, Calculation of Bevel 
Gear Top Land, Slot Widths and Cutter 
Edge Radii, written by the AGMA Bevel 
Gearing Committee, and AGMA 955-
A22, Guidance for Industrial Gear 
Lubrication written by the AGMA 
Lubrication Committee.

AGMA 923-C22
AGMA 923-C22 begins with an exten-
sive definitions clause specific to gear 
metallurgy, then defines acceptance cri-
teria for various metallurgical charac-
teristics to meet three quality grades. 
These quality grades are used in mul-
tiple other AGMA standards to define 
gear performance.

Work on the first edition of AGMA 
923 began in 1993 with the goal of con-
solidating AGMA metallurgical speci-
fications into one document. Through 
much discussion and consensus build-
ing the first edition was published in 
the year 2000. A second edition with 
only minor changes was published in 
2005.  In 2013 the work on this cur-
rent, third edition, began. This current 
“C” edition of AGMA 923 has extensive 
updates from previous editions that 
took hard work and many meetings 
for the committee to hash out. It has 
been developed to be consistent with 
ISO 6336-5:2016. It has an expanded 
reduction ratio calculation method-
ology. Metallurgical tables have been 
updated to list requirements sequen-
tially, add chemistry and cleanliness 
requirements, footnotes were reworded 
and renumbered for uniformity, and 
new metallurgical tables were added 
for gray cast iron, ductile iron, and aus-
tempered ductile iron.

AGMA 929-B22
AGMA 929-C22 provides a set of 
equations, integrated from various 

publications, to calculate bevel gear 
top land, slot widths, and cuter edge 
radii. It is intended to aid in complet-
ing calculations for gear capacity in 
ANSI/AGMA 2003, Rating the Pitting 
Resistance and Bending Strength of 
Generated Straight Bevel, Zerol Bevel 
and Spiral Bevel Teeth. 

The first edition of AGMA 929 was 
published in 2006. Work on this sec-
ond, “B” edition began in 2010, but 
the bulk of the work was completed in 
the last couple years. This new edition 
includes calculations anywhere along 
the face width instead of just toe, mean, 
and heel. The expanded calculations are 
largely based on the paper, 14FTM13, A 
Practical Approach for Modeling a Bevel 
Gear, by Brendan Bijonowski.

AGMA 955-A22
AGMA 955-A22 is a guide for gear 
designers and manufacturers in the 
selection of suitable commercially 
available liquid lubricants for open 
and enclosed gear drives. Work on 
AGMA 955-A22 began in 2016 after 
the AGMA Lubrication committee 
wrapped up the publication of ANSI/
AGMA 9005-F16. AGMA 955-A22, 
was created as the first step of separat-
ing ANSI/AGMA 9005-F16 into two 
documents. AGMA 955-A22 provides 
fundamental, generalized lubrication 
information, whereas the future edition 
of ANSI/AGMA 9005 is planned to 
cover only information on lubricants. 
The first working draft of AGMA 955 
was copied text from ANSI/AGMA 
9005, but through the course of editing, 
this was greatly added to and expanded 
upon to produce the published version.

On behalf of the gearing industry, 
AGMA would like to extend a sin-
cere appreciation for the participa-
tion and valuable contributions of 
the following experts. In addition, 
AGMA would like to especially thank 
the companies of these experts whose 
foresight and generosity made their 
participation possible.

AGMA 923-C22—AGMA 
Metallurgy and Materials 

Committee
Carl Ribaudo of Timken Company (Retired), 
committee chairperson
Liam Joseph Coen of INNIO Waukesha Gas 
Engines, Inc
Dan Antos of Canton Drop Forge 
James Bishar of GE Transportation, a Wabtec 
Company
Robert Errichello of Geartech
Michael He of Scot Forge Company
Justin Lefevre of Applied Process Inc.
David McLain of General Motors LLC
Waldemar Skrzypek of Twin Disc, 
Incorporated
Al Swiglo of Northern Illinois University
Terry Tressler of Ellwood City Forge
Dale Weires of Boeing 
Rotorcraft—Philadelphia
Frank Uherek of Regal Rexnord Corporation
Dereck Yatzook of Artec Machine Systems

AGMA 929-B22 – AGMA Bevel 
Gearing Committee

Robert Wasilewski of Arrow Gear Company, 
committee chairperson
George Lian of Amarillo Gear Company 
(Retired)
Jodi Bello of GE Renewable Energy (Onshore 
Wind)
Richard Calvert of Chalmers & Kubeck
Michael D’Arduini of The Gleason Works
Wei-Jiung Tsung of Dana Incorporated 
(Retired)
Claus Weyand of Regal Rexnord Corporation

AGMA 955-A22 – AGMA 
Lubrication Committee

R. William Hankes of Thyssenkrupp 
Industrial Solutions (USA) Inc., committee 
chairperson
Walt Weber of Flender Corp. (Retired)
John Amendola, Sr. of Artec Machine Systems
Michael Blumenfeld of ExxonMobil Research 
and Engineering
Angeline Cardis of Cardis Consulting, LLC
Robert Errichello of Geartech
Bruce Helton of Bonfiglioli USA
Howard Lockhart of Klüber Lubrication USA
Elisa Pieroni of Petron Corporation
Anthony Rucci of FLSmidth Inc.
Timothy Stiers of Castrol USA
Jesus Teran Dagnino of Sumitomo Drive 
Technologies
Owen Walsky of Afton Chemical Corporation
Joel Zar of Regal Rexnord Corporation



Use of Duty Cycles or Measured 
Torque—Time Data with AGMA Ratings
Dr. Ing. Ulrich Kissling, ETH

Introduction
Variable loads resulting from a working process, starting process, or operation near a critical speed will cause varying stresses at the gear teeth 
of a drive system. The magnitude and frequency of these loads depend upon the driven machine, the motor, the dynamic mass elastic properties 
of the system, and other effects (Ref. 1).

These variable loads (stresses) may be determined by such procedures as:
• experimental measurement of the operating loads at the machine in question.
• calculation, using known external excitation and a mass elastic simulation of the drive system, preferably accompanied by experimental 
testing to validate the calculation.

In the automotive area torque and speed over time are usually measured on test rigs. Also, for industrial gearboxes, a measurement of torque 
over time is often used, for example in wind turbines. As measurement equipment and the transmission and storing of such data become less 
expensive, the tendency to measure torque/speed on gear drives is growing. Based on such data the service intervals can be adapted due to the 
analysis of the accumulated damage over time. 

The scientific term for such data is “time series.” In gear drives, a time series (time/torque/speed data)—normally measured at the input or 
output of the gearbox—must be in the first step of the process to get the load on a specific tooth of every gear. Then in a second step, the 
load spectrum (also called “duty cycle”) for fatigue damage calculation must be obtained. With the load spectrum the service life of a gear can 
then be calculated according to the rules as described in ISO 6336-6 (Ref. 1). As main formulas for the load capacity calculation, the methods 
according to AGMA 2001-D4 (Ref. 3) and ISO 6336-1,2,3 (Ref. 2) can be used.

If the torque and speed in a time series is always positive, the conversion of such data in a load spectrum is carried out using a process called 
the “simple-count method.” However, the process is more complicated when the torque and/or speed is alternating (having positive and 
negative values). For the other elements in a gearbox such as bearings and—with some restriction—shafts, the simple count method, extended 
by the consideration of speed information, can always be used to generate a load spectrum.

The flowchart (Figure 3) explains the calculation process. The time series must be filtered to obtain the load on an individual tooth (see “Extract 
of the load on a particular tooth from a time series”). Then, depending on if the torque is alternating or not, the simple count method can be 
applied (no alternating torque, see “Generation of a load spectrum with the simple count method”) or the more demanding rainflow method (see 
“Generation of a load spectrum with the rainflow-counting algorithm”) must be used.

Notes:
• The term load spectra as used in ISO 6336 (Ref. 1) or AGMA 2001 (Ref. 3) is identical to a load duration distribution (LDD) as used in the standard 
IEC 61400-4 (Ref. 4) for wind turbines.
• A method to calculate load spectra is not explained in AGMA rating methods (such as AGMA 2001, 2101, 2003) but a reference is given to ISO/TR 
10495 (nowadays replaced by ISO 6336-6 {Ref. 1}). The procedure, based on ISO 6336-6, as discussed in this paper is applicable to AGMA ratings.

Figure 1—Torque over time in the time series (left). Torque on the tooth of the pinion at angular position 215 degrees (right).
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Extract of the load on a particular tooth from a time 
series
The process to generate a load spectrum is complex (Figure 3). 
As the first step, it must be considered, that a tooth experiences 
load only once per revolution of the gear. The time series signal 
must therefore be modified before it can be used for further 
processing. This is shown in Figure 1.

Generation of a load spectrum with the “simple 
count method”
If the signs of torque and speed in a time series are in such a 
way that always the same flank is in contact, then for gears the 
so-called simple counting method can be used. Since there is 
only one flank in contact the respective side of the tooth root 
sees only pulsating tensile stress. In addition, the Hertzian 
pressure on the flank is always applied on the same flank. A 
matrix with torque intervals and speed intervals is formed and 
each measuring point is classified into the corresponding cate-
gory, also called “bin.” Then the number of measuring points is 
counted. This results in a load spectrum of bins with different 
torque and speed (extended simple count method).

The counting method is also documented in ISO 6336-6, Table 
4 (Ref. 1). To obtain the load spectra for fatigue damage calcula-
tion, the range of the measured (or calculated) loads is divided 
into bins or classes. Each bin contains the number of load occur-
rences recorded in its load range. A widely-used number of bins—
according to ISO 6336-6—is 64 (Figure 2). These bins can be of 
an equal size, but it is usually better to use larger bin sizes at the 
lower loads and smaller bin sizes at the upper loads in the range. 
In this way, the resolution for the most damaging loads is higher 
and the result is more accurate regarding the effective load (see 
“Generating the load spectra according to ISO 6336-6”).

Generation of a load spectrum with the rainflow-
counting algorithm

Generation of the matrix with the frequency of high 
to low torque
If torque and/or speed have alternating signs so that the 
loaded flank is changing, for the assessment of the Hertzian 

pressure on the considered tooth flank (left or right) only 
the positive values on this flank are considered. For the 
bending stress this simple calculation procedure cannot be 
applied. The considered tooth root side is subjected to an 
alternating load, getting tensile stress with positive torque 
and compression stress by negative torque. And all sig-
nificant alternating load cases must be extracted from the 
torque curve. For that, the so-called rainflow method is 
used (Refs. 5, 6, 8). Rainflow analysis provides a matrix that 
shows how often the torque changes from Thigh to Tlow. The 
matrix, therefore, has two torque bin series, in Y-axis for 
Thigh and in X-axis for Tlow (Figure 5).

The rainflow method is usually carried out with stresses, 
not with torques. Because tooth root bending stress and 
torque are proportional, torque can also be used. In addition, 
the negative torques are multiplied by 1.2 since the compres-
sive stress on the non-loaded flank is approximately 20% 
higher than the tensile stress on the loaded flank. Factor 1.2 
is used in ISO 6336-3 and can be confirmed with FEM calcu-
lations (Fig. 4). A further challenge to get correct results: The 
torque must be multiplied by the dynamic factor KV and the 
face load factor KFβ. The rainflow method does not conserve 
the speed information of a time series. As KV depends on the 
speed, which is no longer considered in the subsequent rain-
flow calculation, for every data point of the time series KV is 
determined and multiplied to the torque. Also, KFβ must be 
multiplied to the torque of every point because KFβ is not pro-
portional to the torque and will therefore be different for Thigh 
and Tlow.

Conversion of rainflow Thigh and Tlow result to TISO and 
YM for ISO or AGMA ratings
AGMA and ISO are designed for pulsating load on the tooth; 
so, the nominal torque and the allowable bending stress num-
bers are intended for the pulsating load case. For alternate 
bending (reverse loading) AGMA just mentions that the 
allowable stress number must be multiplied by a factor 0.7. 
This factor coincides with older versions of ISO. In the cur-
rent edition of ISO 6336-3, annex B (Ref. 2), a more precise 
rule is given for the alternating bending factor YM.

Figure 2—Torque measurement on a test run of a military car (left). Speed/Torque frequency result by simple count (right).
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Figure 3—Flowchart to generate a load spectrum for gears from time series data.
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The equation for YM is:

(1)
Where:

R stress ratio. R =  - σlow / σhigh;  and as here σ is proportional 
to T, R =  - Tlow / Thigh

M considers the mean stress influence on the endurance 
strength amplitudes; the values are listed in Table 1.

Equation 1 according to ISO may be used within a stress 
ratio 1 ≥ R ≥ 0. Therefore Equation 1 is only valid if the fol-
lowing conditions apply: Thigh > 0; Tlow < 0 and -Tlow ≤ Thigh. 
As the general case R may be in the range from -∞ … to 
+1, Equation 1 must be extended. For the definition of the 
allowable stress in mechanics the Haigh diagram is appro-
priate (Figure 6). The construction of the Haigh diagram 
requires the tensile strength Rm, the yield strength Rp02, the 
tooth root fatigue strength for pulsating loads (sat accord-
ing to AGMA, or σFlim according to ISO 6336) and the mean 
stress ratio M.

Basically, the alternating bending factor YM is a factor that 
considers the change in the admitted amplitude σadmAmp and the 
occurring amplitude σLoadAmp of the general case “Gen” com-
pared to the pulsating load case “Puls.”

(2)

The permissible amplitude σadmAmpGen results from the inter-
section of the RGen line with the Haigh diagram. With the 
high stress σhigh, the amplitude σLoadAmpGen results in the gen-
eral case from:

(3)

Figure 4—Stresses on the loaded and non-loaded side of a tooth by FEM analysis.

Figure 5—Extract of a rainflow half-matrix with 100 bins.

Case hardened 0.8 – 0.15 YS

Case hardened and shot peened 0.4

Nitrided 0.3

Induction or flame hardened 0.4

Not surface hardened steels 0.3

Cast steels 0.4

Table 1—Mean stress ratio M according ISO 6336-3, Table B.1 (Ref. 2).
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For the pulsating case “Puls” with RPuls = 0 the following 
applies:

(4)
Whereas the admitted stress for pulsating bending is:

(5)
Finally, when Equations 3, 4 and 5 are inserted in Equation 

2; then rearranged, we get YM for the general case:

(6)
Where:

sat  Allowable bending stress number (bending) in AGMA 
2101 (Ref. 3)

σadmAmpGen The permissible amplitude from Haigh diagram

It must be noted, that with this general definition of YM 
all load cases on the tooth root can be considered; also 
pulsating compressive stress. In such cases, YM will be 
bigger than one, because the admitted amplitudes in the 

compressive domain of the Haigh diagram are bigger than 
the amplitudes in the tension domain.

Generating the load spectra according to ISO 6336-6
With the nominal torque from Table 2 and the alternating 
bending factor YM from Equation 6, every element of the 
rainflow matrix can now be converted in a bin of the load 
spectrum. A bin according to ISO 6336-6 (Ref. 1) consists 
of only two elements, frequency, and torque. The frequency 
is a percent value of the number of load cycles of the bin 
versus the total number of cycles. The torque is the TISO or 

AGMA value according to Table 2. For more general use, this 
definition must be extended. Generally, it is good practice 
to add speed as the third element of the bin. This definition 
of a bin (frequency, torque, and speed) is the most used case 
for gear and bearing calculations, appropriate to the simple-
count method (see “Generation of a load spectrum with the 
simple count method”). When the rainflow method is used, 
then for every bin in addition the values YM, one for every 
gear, must be added (Figure 7).

Application of load spectra in AGMA ratings
A method to calculate load spectra is not explained in AGMA 
rating methods (such as AGMA 2001, 2101, 2003) but a refer-
ence is given to use Miner’s rule as presented in ISO/TR 10495. 
This norm was replaced in 2006 by ISO 6336-6; the current 
version is from 2019 (Ref. 1). Gear rating methods according 
to AGMA and ratings according to ISO have the same basic 
structure, using general factors and bending and pitting ratings. 
Both methods use stress cycle factors (as called in AGMA) or 

Figure 6—Haigh diagram with mean stress influence M according ISO 6336-3. 
(Note: The red line “M” is defined by the point {σadmAmpPuls, σadmAmpPuls} and gradi-
ent M.)

Tmax Tmin TISOorAGMA

Positive Positive +Tmax

Positive Zero +Tmax

Positive Negative +Tmax

Zero Negative -Tmin

Negative Negative -Tmin

Table 2—Determination of the nominal torque to be used as nominal load in 
AGMA or ISO.

Figure 7—Load spectra examples. Typical simple count method format (left) with frequency, torque, and speed. Typical rainflow method format (right) includes alter-
nating bending factors YM.
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life factors (as called in ISO) representing the SN-curves of gear 
materials. Otherwise, the factors to calculate the stress values 
and the allowable stresses are sometimes significantly different. 
The calculation of service life under variable load, as prescribed 
by ISO 6336-6 (Ref. 1), is using the Palmgren Miner rule, which 
is a widely used linear damage accumulation method. The 
method is absolutely “neutral,” which means, that individual fac-
tors of the rating method used, are not involved. Therefore, the 
combination of the ISO 6336-6 method with an AGMA rating is 
possible and well suitable.

The alternate bending factor YM, as discussed in 
“Conversion of Rainflow Thigh and Tlow result to TISO and 
YM for ISO or AGMA ratings,” is only marginally treated in 

AGMA, only “Use 70 percent of the sat values for … gears 
where the teeth are completely reverse loaded on every cycle” 
is mentioned in AGMA 2001, clause 16.2. As this factor in 
ISO 6336-3 is based on the Haigh diagram, which is a widely 
accepted concept in material mechanics, it can be assumed, 
that the factor is also applicable for AGMA ratings.

Gear rating calculation example
A load spectrum can be treated in a gear software package. 
Usually, a spectrum is introduced manually bin by bin or 
may be read in from an Excel file. If the spectrum is gener-
ated from a time series some additional inputs are needed 
(Figure 8).

Figure 8—Input window in KISSsoft (Ref. 7) for a duty cycle determination from a time series.

Tooth No. 5 Maximum damage Tooth No. 1 Mean damage Tooth No. 17 Minimum damage

Safety Bending SF1, SF2 1.441 1.455 1.472 1.491 1.525 1.540

Safety Pitting SH1, SH2 1.173 1.277 1.179 1.283 1.189 1.254

Damage bending of gear 
1, gear 2 (%)

86.47 78.99 71.63 64.17 49.60 46.36

Damage pitting of gear 1, 
gear 2 (%)

11.27 3.79 9-23 3.36 9.41 3.17

Lifetime of gear 1, gear 
2 (h)

6938 7596 8376 9351 12100 12940

Table 3—Safety, damage, and lifetime, calculated with the time series on different teeth.
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One of the interesting results is the dependency of the 
considered tooth. As the torque in the time series in Figure 
3 is strongly varying, the extract of the load on a particular 
tooth (Figure 1) gives different safety or lifetime results, see 
Table 3. But in this example, the duration of the time series 
is only 190 seconds (short test run). The test run will be 
repeated several times, the tooth in contact, when starting, 
will always be different—so the tooth getting the biggest 
damage will change. Therefore, it is a better practice to con-
sider the results on a tooth having mean damage.

Application of time series in drive train 
calculations
Today the analysis of drive trains is performed with appro-
priate software as KISSsys (Ref. 7), which models the com-
plete drive with all the main elements such as gears, shafts, 
and bearings. Normally the time series is given for the input 
or the output coupling. A load spectrum can be defined at 
this position and being used all over the drive system. A 
problem arises when time series with positive and negative 
torques are used. Then, because of the different frequency 
of alternating load changes, for every gear stage, an appro-
priate load spectrum must be used (Figure 9). 

To motivate this statement, suppose that a tooth on the 
pinion of the input stage is submitted during 60 rotations 
to a positive torque, then for additional 60 rotations to a 
negative torque, and so on. If the input stage reduction is i = 
4.0, then the pinion of Stage 2 will rotate four times lower; 

therefore, getting a torque change after 15 rotations. So, the 
frequency of alternate bending cycles is four times higher 
on Stage 2, and so on for the next stages.

Conclusion
AGMA and ISO gear ratings can be executed with load 
spectra (duty cycles)—based on Miner’s rule—as explained 
in ISO 6336-6 (Ref. 1). Load spectra may be defined by 
different methods. In this paper, the ability to generate a 
duty cycle from a time series (time-torque-speed data) is 
explained. Such a time series can be obtained by measure-
ments of the operating loads on an application or by com-
puter simulation.

If the torque and speed in such a time series are so, 
where the same flank is always in contact, a simple-count 
method can be used to generate the duty cycle. However, 
if the loaded flank is alternating, the considered tooth root 
is not only submitted to pulsating tensile stress (bending) 
but additionally to alternating bending and pulsating com-
pressive stress. As the first step, all the significant torque 
changes must be extracted from the time series. For this, the 
rainflow method is used. As the second step, the result of 
rainflow must be converted into a definition fitting AGMA 
or ISO gear ratings. This means that for a bin of the load 
spectrum the nominal torque and the alternate bending fac-
tor must be determined.

Finally, the application of the method in gear calculations 
and in drive train analysis is discussed with an example.

Figure 9—Industrial gearbox in KISSsys (Ref. 7), flow chart for the load spectrum determination.
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Tooth Root Load Capacity of Additive 
Manufactured Gears
Lukas Klee, Dr. Jens Brimmers, Prof. Dr. Thomas Bergs

Introduction and Motivation
Due to near-net shape production, additive-manufactured (AM) gears have a high potential to decrease costs and increase resource efficiency. 
The decreasing product life cycles as well as the increasing individualization of components demand high flexibility in manufacturing processes 
(Ref 4). The production of powder metal (PM) gears by die pressing is only economical for large batch sizes or in series production due to the 
plant technology (Ref. 3). An advantage of  PM produced gears is the component density that can be adjusted through the sintering process 
compared to conventional machining. The porosity is accompanied by a reduction in weight and possible optimization of the noise vibration 
harshness (NVH) behavior of the gears. Due to the expected future shift of the automotive industry from combustion engines to electrified 
powertrains, the optimization of the noise behavior of transmission components is becoming increasingly important (Ref. 25). Compared to 
conventional subtractive manufacturing processes, the required tool operations are reduced, and resource efficiency is increased. Both, binder 
jetting (BJT) and laser powder bed fusion (LPBF) are generative manufacturing processes that can provide a solution to the conflicting aims of 
near-net-shape economic production and adjustable density in the component for small batch sizes in gear manufacturing (Ref. 3). For small 
batches, both additive manufacturing technologies offer an approach to manufacture gears that meet the requirements in terms of quality, 
strength, acoustics, and economy.

This report analyzes the tooth root load capacity of BJT gears made of stainless steel 17-4PH (X5CrN-CuNb16-4) and LPBF gears using the case 
hardening steel 16MnCr5. The BJT gears have a specific density of ρ0,rel ≈ 98 percent and the LPBF gears of ρ0,rel ≈ 99.9 percent. The fatigue 
strength of the BJT gears is determined in screening tests and classified by comparison with the tooth root load capacity results of gears made 
of 316L (stainless steel, X2CrNiMo17 12 2). After the discussion and analysis of the influences of different process parameters during the 
production of BJT gears made of 17-4PH, the manufacturing process is adapted along the entire process chain. 

Process Chain Additive Gear Manufacturing
Additively manufactured products contribute to an increasing 
individualization and diversity of variants, since, for example, 
undercuts and functional elements can be integrated directly into 
the component. These can only be integrated into the design using 
additive manufacturing processes due to the additional degrees 
of freedom. The achievable geometric complexity in the design 
offers new possibilities for use and optimization. The conventional 

production of components is limited in complexity and functional 
integration. The following chapter gives an overview of the pow-
der bedbased AM processes of BJT and LPBF in gear technology, 
that can be used for metal processing.

Binder Jetting
Binder Jetting of gears is a multistage additive manufacturing pro-
cess. The possible process steps of BJT are shown in Figure 1. In 

Figure 1—Process chain of binder jetting gears.
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addition, images of the used Binder Jetting machine DM P2500 
from Digital Metal AB are shown. The BJT process produces 
green compacts of gears which are sintered by secondary heat 
treatment processes. Both the powder mixture and the binder are 
prepared according to the defined recipe. Then the printing—the 
layer-by-layer generation of the gear green compact—takes place 
by applying the liquid organic binder locally to the powder bed 
and bonding both the powder particles and the existing layers 
together in this way. The BJT process produces green compacts of 
gears which are sintered by secondary heat treatment processes. 
An inert gas atmosphere in the construction space is not neces-
sary. Since no additional heat is generated during the production 
process, it does not have to be dissipated via specific construc-
tions. After the printing process, the binder is cured. For this pur-
pose, the entire build box is moved into the curing oven with the 
printed gears and the unused, recyclable powder after printing, see 
Figure 1 right hand.

Subsequently the gears are removed from the powder bed. 
Afterwards, the binder is removed from the produced green 
gears by a thermal treatment. The following sintering and heat 
treatment process produces the final strength and densifies the 
green gears by shrinkage. After the heat treatment steps, the 
gear is transformed into a purely metallic state Ref. 1). During 
the sintering process, the diffusion of closely spaced powder 
particles results in compaction to form a compact component 
(Ref. 2). Due to the layer-by-layer component production, 
there is a risk of anisotropic properties in the component. The 
anisotropy influences the stability of the gear. The degree of 
anisotropy depends on the generation process as well as the 
orientation of the component in the construction space (Ref. 
12). In principle, all sinterable metallic powders can be used 
for BJT (Ref. 1). The material powder used for additive manu-
facturing must have good flowability as well as a high filling 
density (Ref. 2). So far, commercial systems mainly process 
stainless steels (316L, knife steel 420, 17-4 PH) as well as tita-
nium alloys such as Ti6A14V and copper (Refs. 1, 3, 10, 14). 
The accuracy that can be achieved in production using BJT 

depends on the machine and the mounting direction. In the x 
and y directions, the achievable accuracy depends on the reso-
lution of the print head, and in the z direction on the adjust-
able layer thickness (Ref. 1). The resolutions of various com-
mercial systems in the x-y level are in the range of 30 μm to 
approx. 65 μm, layer thicknesses in the interval of Ds = 30 µm 
to 200 µm (Refs. 1, 14).

Laser Powder Bed Fusion
LPBF of gears is a single-stage additive manufacturing process 
(Ref. 7). Both the basic geometric shape and the material prop-
erties of the final component are produced in a single opera-
tion without the use of shaping tools (Refs. 7, 22). The compo-
nent is generated layer by layer. The process cycle of the LPBF 
process is shown schematically in Figure 2.

The construction space of the machine consists of the mate-
rial powder storage container, the inertized construction cham-
ber with lowerable construction platform and protective gas 
flow as well as a powder distribution unit. Both the storage 
chamber and the construction chamber have a movable floor. 
A scanner is installed above the construction space, which 
guides the laser beam according to the specified component 
geometry in x and y direction and at a defined speed on the 
powder bed. The heat application—the selective fusion (diffu-
sion) of the powder particles to form a compact component—
is performed by means of the laser beam source immediately 
after the layer-by-layer powder application in the construction 
space. The solidification of the molten bath leads to the cre-
ation of a further layer of the component (Ref. 11). Support 
structures must be built in the same process step in order to fix 
the component in the construction space and to dissipate the 
temperature peaks from the component (Ref. 12). The removal 
of the support structures is not to be considered as a separate 
process step (Ref. 7). After generating a layer of the compo-
nent, the construction platform is lowered by one layer and the 
storage container is raised (Ref. 18). Subsequently, a new pow-
der layer (layer thicknesses typically Ds = 30-50 µm) is applied 

Figure 2—Schematic representation of the LPBF process according to Gebhardt (Ref. 12).



GEAR TECHNOLOGY | November/December 202258 www.geartechnology.com

technical

evenly in the construction space by means of a leveling system 
and the generation of the next layer takes place again (Ref. 5). 
The generation cycle is repeated until the physical metallic 
component is manufactured. The bulk metal powder unused 
for the construction process is drained after the process, sieved 
to remove weld spatter and can be reused for the following 
component generations (Ref. 22). The high process tempera-
tures can cause the formation of cracks and component dis-
tortions as well as the unintentional introduction of stresses 
into the component. Therefore, when generating each layer, 
the smallest possible areas should be produced in order to pre-
vent thermal stress and the associated local distortion of the 
component, the curl effect (Ref. 11). Thus, an adapted process 
design and control is indispensable. During illumination in the 
construction space, a distinction is made between the areas of 
the component's outer contour (contour illumination) and the 

internal volume area (hatch illumination), see Figure 2 3. As 
an illustration, two photos were taken during the production 
of gears with the SLM Solutions SLM 280 HL machine, which 
show the construction of the internal volume area (hatch illu-
mination) and the sharpening of the component contour (con-
tour illumination), Figure 3 right.

To avoid edge elevation on the outer sides of the compo-
nent, the inner volume surface (Hatch) should be exposed 
first before the contour run (Bounder). The resulting edge 
elevations can cause mechanical contact with the coating 
mechanism and thus cause an uneven powder application 
of a subsequent layer (Ref. 21). Both surface and contour 
illumination can be conducted with separate parameters. 
Variable illumination parameters are the scanning speed, the 
laser power and the distances between the individual weld-
ing tracks (track distances). LPBF is conducted in a process 

Figure 3—Exposure strategies in the installation space based on Gebhardt (Ref. 12).

Figure 4—Objective and approach.
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chamber through which inert gas (argon, helium or nitrogen) 
flows in order to avoid oxidation processes and to remove 
vaporized material from the process chamber. The conditions 
in the construction space must be kept constant throughout 
the entire production process.

Objective and Approach
The additive manufacturing processes of BJT and LPBF are 
intended to enable the production of individualized gears in 
small batch sizes, through which all requirements with regard 
to quality, strength, acoustics, and cost-effectiveness can be 
implemented. The long-term objective is thus to develop a pro-
cess for the manufacture of highly stressed drive components. 
More research is still required for this. The objective of this 
report is to investigate the tooth root load capacity of additively 
manufactured gears. The BJT and LPBF processes and results 
are considered independently of each other due to different 
gear geometry and different material, see Figure 4.

For BJT, the influence of different process variations along 
the process chain on the tooth root load capacity of BJT gears 
made of material 17 4PH (stainless steel X5CrNiCuNb16-4) is 
investigated. The production of various constructive support 
structures as well as the benefits in the entire process chain are 
discussed. Various process setting options are explained using 
the DM P2500 machine from Digital Metal AB. Since an addi-
tional heat treatment of the material 17-4PH is not the subject 
of this work, the gears are ground after sintering, characterized 
and then examined in screening tests with regard to the tooth 
root load capacity on the pulsator test rig. The gears produced 
by LPBF are case-hardened before gear grinding to increase the 
load capacity. Afterwards, these gears were also ground and 
examined with regard to tooth root load capacity. The LPBF 
production process chain and process adjustments are not con-
sidered in this report. Only the results on the tooth root load 
capacity are shown. The BJT gears have a final relative gear den-
sity of ρ0,rel ≈ 98 percent, the LPBF gears of ρ0,rel ≈ 99.9 percent.

Control Variables for the Optimization of Binder 
Jetting Gears
The manufacturing process of BJT gears can be optimized by 
means of various parameters. In the following chapter, process 
variations of the powder and binder application are described 
and the resulting component properties are explained. 
Subsequently, support structures for gear manufacturing by 
means of BJT are discussed, which are particularly relevant for 
the subsequent process steps of heat treatment. Finally, adjust-
ments in the process steps after the printing of the gear founda-
tion are presented.

Powder and Binder Application
During the printing process of the gear green compact, the 
powder and binder application have been detected as the 
main influencing factors on the final print result. Since the 
numerous adjustment possibilities both directly influence 
the printing result and require an adaptation of the following 
process steps, knowledge of the respective influences is essen-
tial in the process design. Basically, all process information 
regarding the printing strategy is saved in a print recipe to be 

generated in advance. The most relevant variables for powder 
application are the layer thickness (Ds) as well as the applica-
tion direction and speed as a function of the processed mate-
rial powder. In addition to the amount of applied binder and 
the application speed, the application strategy is highly rel-
evant for binder application. The print head must always be 
calibrated before each print run to minimize system-related 
errors. Before the powder is filled into the printer and can be 
applied layer by layer, the powder is mixed. The powder in 
the build box that is not printed during the BJT process will 
be recycled after a print and is thus available again for the 
next print. Typically, a powder mixture for printing consists 
of one-third new and two-thirds recycled material powder. 
Before the powder from previous printing processes can be 
recycled, a sieving process is essential to remove adhesions 
and larger powder particles. Subsequently, the powder par-
ticles are mixed and preheated to 80°C, dried, and filled into 
the powder magazine, which maintains the temperature at 
80°C to ensure flowability.

The layer thickness of the gears made of 17-4PH was Ds = 42 µm. 
The influence of the layer thickness on the final geometry 
of the manufactured gears with a number of teeth z2 = 20, a 
normal module of mn2 = 3.125 mm and a normal pressure 
angle of αn2 = 20° is negligible. In the case of helical gears, the 
occurrence of a stair-step effect resulting from the layered 
printing is possible. The mechanical properties of the gear are 
directly influenced by the layer thickness. If the layer thick-
ness is too high, the binder cannot completely penetrate the 
layer and thus reduce the component stability.

The green part density is significantly influenced by the 
adjustment of the powder application direction and speed. 
This is an important parameter with regard to the sinter-
ing activity of the green compact. A higher green part den-
sity implies a lower shrinkage during sintering. This results 
in a reduction of the induced stresses and a decrease in 
crack formation, see “Design Support Structures in Gear 
Manufacturing.” There are two different strategies for apply-
ing powder—application in only one direction of motion and 
application in two directions of motion (outward and back-
ward path above the build box). When applying powder in 
two directions, a larger quantity of powder is inserted into the 
powder bed with the same layer thickness and the green part 
density increases. If the speed is also reduced during powder 
application, the green part density increases further, but pro-
ductivity decreases.

In addition to the optimizations in powder application, the 
part quality can be further increased by adjusting the control 
variables for binder application. Basically, the binder is applied 
to the BJT system DM P2500 via two cartridges. The control 
variables consist of the amount of binder applied to the pow-
der bed and the application speed and strategy. The amount of 
binder applied can be adjusted by controlling a different num-
ber of nozzles (number of pixels) of the respective cartridge. 
The green part geometry is described in the layer by pixels. 
Thus, pixels can be eliminated from the binder application 
based on defined patterns, similar to that of a chessboard. 

The image of the drop geometry is shown in chronological 
order. The spherical drop head is followed by a longer, thin tail 
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at the end of which several smaller drops, so-called satellites, 
are separated from the main drop. Due to the break in the tail, 
the satellites drift away from the main drop in the direction of 
movement of the print head. With increasing horizontal print-
head speed, the drift also increases, and the geometric inaccu-
racy rises (Ref. 23). In order to increase the green part density, 
the offset strategy is applied when printing the green gear. By 
overlapping the binder application areas, gaps between the 
individual print lines are avoided due to the intermediate area 
of both print heads. Since the offset of the print heads takes 
place in different powder layers, binder application-related 
weak points in the component are avoided and the binder is 
evenly distributed in the green part. The offset is compensated 
vertically to the direction of movement during binder applica-
tion. The application of the offset strategy minimizes the print 
area in the build box due to the risk of component breakage in 
this area. Furthermore, the starting point of the print head's 
movement is varied at regular intervals when printing the gears 
in order to optimize the binder distribution over the entire 
component height.

Design Support Structures in Gear Manufacturing
Structural support structures during BJT of gears correspond 
to small components that are additionally produced with the 
gear in a printing process. These elements primarily provide 
support during the post-treatment processes of hardening the 
binder, known as curing, and sintering. Especially during the 
two process steps mentioned above, stresses are caused which 
are reduced by the use of support structures. During curing, 
the buildbox with the printed gears and the unused, recyclable 
powder is heated from ambient temperature to the curing tem-
perature TC = 200°C over a defined period of time (tR) imme-
diately after printing. Afterwards the gears remain in the oven 
at the temperature (TC) for a calculated holding time (tH). The 
process times in the oven can be calculated by the amount of 
binder used during printing and the number of layers. Thus, the 
times are varying for each print. When simultaneously printing 

four gears made of material 17-4PH, the ramp time is approxi-
mately tR = 9 hours and the holding time at TC is approximately 
tH = 6 hours. The stresses during curing are caused by the static 
and dynamic interactions of the powder. While the dry pure 
powder has static characteristics, the printed green compacts 
have dynamic properties due to the wetting of the powder with 
the binder. The evaporation of moisture in the green compact 
causes it to shrink slightly. This results in an increasing pressure 
of the powder on the bore of the gear, which counteracts the 
dynamic behavior of the green part. In this manner, stresses can 
potentially be introduced into the component, which can lead 
to the formation and propagation of cracks in the green part of 
the gear. Due to the constructive insertion of a cylindrical green 
compact in the gear bore, the critical transition area between the 
statically behaving powder and the dynamic component green 
compact is reduced and the risk of crack formation during cur-
ing is minimized, compare left in Figure 6.

The cylinder height corresponds to the tooth width (b2), the 
diameter is slightly smaller than the bore diameter (di) of the 
gear. This ensures the separation of both elements after cur-
ing. The visible gap formation in the outer area of the gear is 
negligible, as it has no effect on the component and thus to the 
component quality. After the curing process, the printed green 
gears are manually depowdered and inspected for component 
damage before being forwarded to the debinding and sintering 
process. As shown in Figure 6, support structures are designed 
and printed for the sintering process as well. During the sinter-
ing process, significantly higher stresses can occur compared 
to curing due to the shrinkage of the gear caused by diffusion 
processes. If the green gear is sintered directly on the ceramic 
plate, the area of contact in the sintering furnace, without a 
support structure, the frictional force between the ceramic 
plate and the gear counteracts the sintering shrinkage of the 
gear despite the use of friction-reducing materials. This can 
lead to cracks on the face surfaces of the gear. The cracks can 
completely rupture during debinding and sintering and thus 
lead to the rejection of the gear. In order to prevent this effect, 

Figure 5—Drop behavior and offset strategy in binder application (Ref. 23).
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a disc made of the same material and thus with similar shrink-
age properties as the gear was constructed on the one hand and 
a mesh disc on the other, cf. Figure 6. The disc diameter corre-
sponds to the outer diameter of the gear and the thickness is s 
= 2 mm. The disc does not have a hole in its center and shrinks 
almost congruently with the gear, which implies a reduction in 
the frictional force between the gear and the base. A disadvan-
tage due to the continuous disc design is the lack of free spaces, 
for example a hole, in the radial direction. Thus, at a certain 
moment during the sintering process, the disc cannot shrink 
any further and the sintering distortion of the disc begins. 
At the same time, the shrinkage of the gear continues due to 
the significantly higher amount of binder. Furthermore, the 
high weight of the gear causes additional friction between the 
disc and the ceramic plate. In the worst case, the disc shrinks 
unevenly, cracks and no longer performs its function as a sup-
port structure. For this reason, the disc has been further devel-
oped into a mesh disc by means of constructive adaptation fol-
lowing a failure analysis. The outer diameter also corresponds to 
that of the gear, but the thickness has been increased to s = 5 mm. 
The design adjustments in the structure resulted in radial free 
spaces, which considerably increase the deformability in the 
planar dimension. The contact area is smaller and material no 
longer counteracts shrinkage. Stress cracks in the gear due to 
the sintering process are thus avoidable. A further advantage 
of the mesh disc compared to a disc is on the one hand the 
increased resource efficiency and on the other hand the pos-
sibility of heat dissipation from the gear during the sintering 
process as well. Convective ambient properties also prevail in 
the furnace on the bottom side of the gear and the contact sur-
face is smaller.

Post Treatment of Printed Gears
After printing the gears, the applied binder is hardened 
in the curing process and the gears can be removed from 
the powder bed, cf. “Design Support Structures in Gear 
Manufacturing.” Subsequently, the debinding and sintering 

of the gears is performed. Debinding was conducted in a 
muffle furnace and sintering in a retort furnace. Due to the 
size of the furnace chamber, four gears could be fed to the 
debinding and sintering processes simultaneously. Each gear 
was positioned upon a ceramic plate including the support 
structure. A zirconium based lubricant was applied between 
the support disk and the ceramic plate before debinding. This 
prevents the gears from sticking to the support structure and 
the ceramic plate after sintering. Due to the fragility of the 
gear, it is not possible to apply the lubricant after debind-
ing. Two ceramic plates are stacked on top of each other in 
the furnaces. Since minor temperature variations can occur 
in a chamber furnace depending on the location, the posi-
tioning in the furnace also influences the gear quality. The 
temperature variations induce stresses into the gears, which 
already lead to minimal cracks in the component during 
debinding and are intensified by the downstream sintering 
process. In addition, the amount of binder to be evaporated 
during debinding, analogous to the gear print (see “Power 
and Binder Application”), influences the component qual-
ity. A reduced amount of binder decreases the pressure dur-
ing evaporation. For gears, which were manufactured with a 
higher amount of binder than for the final gear print (56.26 
percent of the pixels), cracks occurred after debinding depend-
ing on the position. The cracks only occurred within the gears 
positioned at the top. After reducing the amount of binder 
used in the print and extending the heating ramp (analogous 
to curing) to approximately TD = 350°C holding temperature, 
no more component cracks were detected. Further process 
adjustments of the debinding were not necessary.

During sintering, the required density of the gear is adjusted 
by the maximum sintering temperature at a constant sintering 
time. The sintering process is divided into three phases: heat-
ing to the final sintering temperature using various holding 
ramps, holding at the sintering temperature (TS) and defined 
cooling. The target density of ρ0,rel = 98 percent was iteratively 
approximated in sintering tests with gears. Externally visible 

Figure 6—Support structures of the gear for the process steps of curing and sintering.
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cracking was avoided by the design of the support structure, 
cf. “Design and Support Structures in Gear Manufacturing.” 
The respective density was determined by using Archimedean 
measurements of reference cubes. The maximum sintering 
temperature of the 17-4PH gears is approximately TS = 1300 
°C. Sintering was performed in a pure hydrogen atmosphere to 
prevent oxidation of the gears during the process.

Tooth Root Load Capacity of Additive Manufactured 
Gears
The following chapter describes the results of the tooth root 
load capacity tests of the additively manufactured BJT and 
LPBF gears. For this purpose, the fatigue strength of BJT gears 
made of the material 17-4PH was investigated and classified 
in the state of the art by comparison with cold rolled gears 
made of 316L. In addition, the fatigue strength of LPBF gears 
made of the material 16MnCr5 was determined. Before test-
ing, the gear quality and the surface roughness of the BJT and 
LPBF gears were measured. Due to different materials and gear 
geometries, the tooth root load capacity results of both pro-
cesses are not comparable.

Experimental Design and Description
Gear-critical load types are stresses on the tooth flank due 
to rolling and bending fatigue in the tooth root (Refs. 13, 
20, 24). The experimental investigations of the ground gears 
with regard to the tooth root load capacity were performed at 
a pulsator test rig. The pulsator is an analogy test rig which 
approximates a part of the stress curve occurring in tooth 
meshing with an alternative concept of load application, Figure 
7. According to the definition of the ISO 6336 3 standard, the 
tensile and compressive stresses σZ and σD resulting from the 
mechanical load reach the maximum at the tooth root in the 
area of the 30° tangent (Ref. 16).

The major advantage of the pulsator test compared to 
the running test is the possibility of multiple use of a gear. 
In addition, no counter gear is required. The number of 

possible test points depends on the contact line to be exam-
ined and the number of teeth z2 of the gear. Both the BJT 
and the LPBF gear contain four test points. The gear is 
clamped over several teeth between two plane-parallel pul-
sator clamps four teeth are clamped at the BJT gear and 
three teeth are clamped at the LPBF gear. In this way, the 
tooth normal force from the running test is applied to the 
gear. One clamp performs a pulsating movement and, in 
this way, introduces a sine-shaped force curve into the 
tooth. The other stationary clamp absorbs the applied force. 
This enables automated control of the pulsator test rig and 
evaluation of the tooth root load capacity.

Characterization of the Additive Manufactured 
Gears
Both, the BJT and LPBF gears were profile ground using a 
Kapp KX 500 Flex gear grinding machine. The Binder Jetting 
gears made of 174PH were not heat treated, while the LPBF 
gears made of 16MnCr5 were case hardened before grinding. 
The gear quality was measured on a Klingelnberg P65 gear 
measuring machine. Figure 8 shows an example of the results 
of the gear measurement of the Binder Jetting gears after hard 
finishing. The results of the LPBF gear measurements are 
similar, and thus not shown in this report. The measurement 
was conducted on all available gears in order to achieve the 
best possible statistical validation of the evaluation. In addi-
tion to the profile and helix deviation, the single and accu-
mulated pitch errors fp as well as the radial runout error FR 
were measured. The measured values were evaluated by using 
a boxplot diagram. All measured values, both of the BJT and 
LPBF gears, averaged minimum within IT5 according to DIN 
EN ISO 1328 (Ref. 6).

The surface roughness of the respective tooth profiles of the 
BJT gears was measured after sintering and grinding using the 
tactile roughness measuring device Hommel etamic nanoscan 
855. The roughness of the LPBF gears was measured after 
heat treatment and grinding. The evaluation of the roughness 

Figure 7—Pulsator test to investigate the tooth root load capacity (Ref. 19).
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values and measurement reports was performed in accordance 
with DIN EN ISO 4288 in the direction of the profile (Ref. 8). 
In total, eight roughness measurements were performed for 
each gear. Of four teeth evenly distributed over the circumfer-
ence, a roughness measurement was taken on both the right 
and the left flank of the respective tooth. The mean value of all 
Rz measurements was Rz = 35.8 µm for BJT gears after sinter-
ing, and the arithmetic average roughness value Ra = 6.6 µm. 
Hard finishing achieved a roughness to Rz = 2.3 µm and Ra = 
0.3 µm. The mean value of all Rz measurements was Rz = 26.5 
µm for LPBF gears after heat treatment, and the arithmetic 
average roughness value Ra = 4.7 µm. Hard finishing achieved 
a roughness as well of Rz = 1.47 µm and Ra = 0.2 µm. The 
roughness of the ground tooth roots of all the gears examined 
was within this range as well.

Investigation of the Tooth Root Load Capacity of 
Binder Jetting Gears
In order to describe the tooth root load capacity, 14 tests were 
performed at the transition to the fatigue strength load range 
using the stair-step method (Ref. 9). The staircase method 
was evaluated according to Hück (Ref. 15). The load step of 
the fatigue strength range of the BJT gears is shown in Figure 
9. The fictitious point formed the 15th test point. The load 
step increase per double amplitude was ∆FA = 1 kN. The ratio 
of step jump and standard deviation was calculated according 
to Hück (Ref. 15). The limiting number of oscillations for the 
tooth root load capacity is set to NG = 3∙106 load cycles (LC) 
according to DIN ISO 6336 part 3 (Ref. 16).

This also ensures comparability with the results of other 
projects and materials. Termination criteria during the 

Figure 8—Gear measurements after hard machining of the BJT gears made of 17-4PH.

Figure 9—Fatigue limit for BJT gears according to Hück (Ref. 15).
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pulsator test are, on the one hand, reaching the limit num-
ber of load cycles and, on the other hand, tooth root fracture 
(Ref. 19). According to the Hück stair-case method, the fol-
lowing test depends on the previous test result. In the case 
of a tooth root fracture before reaching the limit number 
of load cycles NG, the load or the stress is reduced by one 
step (∆FA = 1 kN) and in the case of a run-out, it is increased 
by one step (Ref. 15). The y-axis shows on the one hand the 
force FA of the double amplitude, which indicates the stress 
range, and on the other hand the tooth root stress σF0 calcu-
lated by Stirak. The tooth root stress describes the local load in 
the tooth root. The test frequency of the pulsator test rig was 
fP1 = 143 Hz. Mean value of the endurable double amplitude 
(fatigue strength, NG = 3∙106 LC) was 2∙FA,mean = 10.60 kN, corre-
sponding to an endurable tooth root stress of σF0 = 679.91 N/mm2. 
The mean value of the double amplitude corresponds to the 
fatigue strength characteristic value for a failure probability 
of Pa = 50 percent. The standard deviation was σ = 2 percent. 
In addition, the average mean value of the double amplitude 
and the calculated tooth root stress of the fatigue strength 
tests of gears made of 316L are shown as a reference. Due 
to the material characteristics and sintering cycles deviating 
from 17-4PH, these gears were recompacted at a relative core 
density ρ0,rel,2 ≈ 92 percent by means of external transverse 
rolling to compact the highly loaded surface zone. For this 
purpose, the rolling machine Profiroll PR 15HP was used. 
The average mean value of the endurable double amplitude 
was 2∙FA,mean = 6.26 kN, corresponding to an endurable tooth 
root stress of σF0 = 401.53 N/mm2. The comparison of the 
load capacity results of not densified gears made of 17-4PH 
with load capacity results of densified gears made of 316L 
(stainless steel X2CrNiMo17-12-2) showed an increase of 
almost 70 percent. Furthermore, no pores were recogniz-
able on the microscopic images of the fracture surfaces. 
Basically, the crack initiation was causally related to the fail-
ure in the tooth root area at the surface of the 30-degree tan-
gent. Within the BJT batch, minor scattering of results and 

achieved load changes occurred depending on the furnace 
position during sintering. Gears placed in the rear part of the 
furnace achieved higher load levels. It was notable that some 
tooth root fractures only occurred after more than two mil-
lion load cycles.

Investigation of the Tooth Root Load Capacity of 
LPBF Gears
The investigation of the tooth root load capacity of the 
LPBF gears was done similarly to that of the BJT gears, see 
“Investigation of the Tooth Root Load Capacity of Binder 
Jetting Gears.” 18 tests were performed at the transition to 
the fatigue strength load range using the staircase method 
(Ref. 9). The fictitious point formed the 19th test point. As 
with the BJT gears the load step increase per double ampli-
tude was ∆FA = 1 kN. The stair step of the fatigue strength 
range of the BJT gears is shown in Figure10. The test fre-
quency of the pulsator test rig was fP2 = 30 Hz. The differ-
ent test frequencies of the pulsators fP1 = 143 Hz at BJT and 
fP2 = 30 Hz at LPBF do not influence the results, as both fP1 
and fP2 are below 200 Hz (Ref. 17). Mean value of the endur-
able double amplitude (fatigue strength, NG = 3∙106 LC) was 
2∙FA,mean = 17.58 kN, corresponding to an endurable tooth 
root stress of σF0 = 1037.57 N/mm2. The mean value of the 
double amplitude corresponds to the fatigue strength char-
acteristic value for a failure probability of Pa = 50 percent. 
The standard deviation was σ = 2 percent.

Summary and Outlook
In this report, the potential of gears manufactured 
by both BJT, using the material 17-4PH (stainless steel 
X5CrNiCuNb16-4), and LPBF, using the case hardened 
steel 16MnCr5, was analyzed with regard to the tooth 
root load capacity at a relative density of ρ0,rel ≈ 98 percent 
(BJT) and ρ0,rel ≈ 99.9 percent (LPBF). Since an additional 
heat treatment of the material 17-4PH was not the pur-
pose of this work, the gears were ground after sintering, 

Figure 10—Fatigue limit for LPBF gears according to Hück (Ref. 15).
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characterized and subsequently investigated in screening 
tests on the pulsator test rig. The manufacturing of vari-
ous support structures as well as their benefits were dis-
cussed. These elements primarily provide support during 
the post-treatment processes of curing, as well as debinding 
and sintering and minimize the risk of fracturing. During 
curing, the stresses are induced by the static and dynamic 
interactions of the powder. The process stability of debind-
ing and sintering was significantly increased by the use of a 
mesh disk between the gear and the ceramic sintering base. 
Effects of the sintering furnace on the printing result, espe-
cially if a retort furnace is used, also have to be considered. 
During the printing process of the green part, the powder 
and binder application have been identified as the main 
influencing factors on the final print result. In addition to 
the amount of binder applied and the application speed, 
the application strategy is highly relevant. The green part 
density is significantly influenced by the setting of the pow-
der application direction and speed. The reduction of the 
binder amount shortens the process times and decreases the 
risk of cracking. The production parameters of LPBF gears 
were not considered in detail in this report.

The quality of the gears was measured after grinding 
using a gear measuring machine. All measured values aver-
aged within quality class IT5 according to DIN EN ISO 
1328 (Ref. 6). Mean value of the endurable double ampli-
tude (fatigue strength, NG = 3∙106 LC) of the BJT gears 
was 2∙FA,mean = 10.60 kN, corresponding to an endurable 
tooth root stress of σF0 = 679.91 N/mm2. The comparison 
with load capacity results of densified gears made of 316L 
(stainless steel X2CrNiMo17-12-2) showed an increase of 
almost 70 percent. Within the BJT batch, minor scatter-
ing of results and achieved load changes occurred depend-
ing on the furnace position during sintering. Gears placed 
in the rear part of the furnace achieved higher load levels. 
The mean value of the endurable double amplitude (fatigue 
strength, NG = 3∙106 LC) of the LPBF gears was 2∙FA,mean = 
17.58 kN, corresponding to an endurable tooth root stress 
of σF0 = 1037.57 N/mm2. Due to different materials and gear 
geometries, the tooth root load capacity results of both pro-
cesses are not comparable.

The long-term objective is to reduce and optimize support 
structures in Binder Jetting gear manufacturing. The influ-
ences of the position dependency during sintering in the 
retort furnace on the load capacity of each individual gear 
can be reduced to a minimum by using a continuous furnace. 
In short term, comparable investigations with regard to creep 
strength and fatigue strength has to be repeated in a con-
tinuous furnace in order to be able to provide a well-founded 
statement about the tooth root load capacity of BJT gears 
made of 17-4PH. Furthermore, an additional heat treatment 
shall be tested in order to further increase the tooth root 
load capacity. The influence of variable binder moistening 
and different layer thicknesses on the mechanical properties 
will be investigated on bending and compressive specimens. 
Furthermore, the development and certification of further 
materials, especially common gear steels such as 16MnCr5, is 
planned for the BJT. These can already be processed with the 

LPBF. The aim of the LPBF developments is to significantly 
increase process quality and stability by using process moni-
toring methods.
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industry news

Sandvik 
Coromant 
APPOINTS NICK 
FALGIATANO AS 
MARKETING MANAGER, 
SALES AREA AMERICAS

As of Dec. 1, U.S. Central Regional Sales 
Manager Nick Falgiatano will be the 
new marketing manager, Sales Area 
Americas, for Sandvik Coromant. In his 
new role, Falgiatano will be accountable 
for establishing and reaching the strate-
gic objectives of Sales Area Americas.

Falgiatano will also be responsible for 
ensuring the use of appropriate market-
ing channels and efficient methods to 
promote Sandvik Coromant’s growth 
strategy, as well as supporting the sales 
team by developing and implementing 
marketing activities. He will be respon-
sible for the Sandvik Coromant Centers 
in Sales Area Americas, securing certifi-
cation and maximum utilization for the 
centers. In addition, Falgiatano will exe-
cute launches of new Sandvik Coromant 
offers, as well as lead a balanced and 
efficient mix of marketing, communica-
tion, and brand activities.

Falgiatano has been with Sandvik 
Coromant for 10 years as a sales engineer 
and, most recently, as a regional sales 
manager based in the Chicago market. 
He has a bachelor’s degree in Business 
Management and Leadership, as well 
as a master’s degree in Organizational 
Leadership and Management. Falgiatano 
has made substantial contributions to 
the company and the U.S. Central 
Management team over the years.

“We look forward to welcoming Nick 
into our Marketing Management team, 
where he will bring his sales perspective 
to the role,” said Virginie Geoffrion, head 
of field marketing at Sandvik Coromant. 

“In this new position, Nick will develop 
our Sales Area Americas Marketing team 
with a new, fresh perspective based on 
his customer knowledge.”

Falgiatano will relocate to Mebane, 
N.C., in 2023 to be based out of the 
U.S. headquarters. He will report to 
Virginie Geoffrion, Sandvik Coromant 
Head of Field Marketing, and will be a 
member of the Marketing Management 
team, as well as the Sales Area America 
Management team.

sandvik.coromant.com

Shell
SIGNS AGREEMENT TO 
ACQUIRE ECL BUSINESS 
OF PANOLIN

Wholly-owned subsidiaries of Shell plc 
(“Shell”) in Switzerland, the UK, US 
and Sweden (Shell (Switzerland) AG, 
Shell U.K. Limited, Pennzoil-Quaker 
State Company and Shell Aviation 
Sweden AB) have entered into agree-
ments to acquire the Environmentally 
Considerate Lubricants (ECLs) business 
of the PANOLIN Group.

The transaction includes the PANOLIN 
brand, ECL product formulations, intel-
lectual property, technical expertise and 
technology, international customer base 
and portfolio of products – for hydrau-
lics, gears, universal tractor transmission 
oils, biodegradable engine oils (HDEO), 
turbine oils, chainsaw oils and greases for 
machine lubrication, including leading 
OEM-approved products.

ECLs are biodegradable lubricants and 
can help contribute to a more sustain-
able future, offering greater protection 

for wildlife and ecosystems in the event 
that they come into contact with the 
environment, in comparison to conven-
tional lubricants. They enable customers 
to reduce the risks of operating in sensi-
tive environments. The global market for 
ECLs is expected to grow significantly 
over the coming years.

Following completion of the transac-
tion, Shell will manufacture, distribute 
and market the PANOLIN portfolio of 
ECL products alongside its established 
Shell Naturelle branded products. The 
acquisition will strengthen Shell’s pres-
ence in the mining, construction, agri-
culture, renewable power, hydropower 
and offshore wind sectors.

Shell expects to fully integrate the busi-
ness into its global lubricants business 
within two years after completion, align-
ing with Shell’s Powering Progress strat-
egy to accelerate the transition to a net-
zero emissions energy business by 2050.

Machteld de Haan, Global Executive 
Vice President of Shell Lubricants, 
said: “We are entering into this strate-
gic acquisition to grow our presence 
in the global industrial lubricants mar-
ket, through differentiated, value-added 
propositions for our customers. Once 
completed, the acquisition will enable 
us to complement our existing range 
of sustainable products in response to 
increasing customer demand.”

Al l  PANOLIN staf f  who cur-
rently support the ECL business in 
Switzerland, the UK, US and Sweden are 
expected to join Shell.

Subject to regulatory clearance and the 
satisfaction of closing conditions, the deal 
is expected to be completed by early 2023. 

shell.com
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calendar

January 19–25—IMTEX 2023
IMTEX is a flagship event for the Indian metal cutting indus-
try. It is South Asia's apex exhibition showcasing the latest 
trends as well as technological refinements from India and 
other global players. The event attracts visitors from a wide 
spectrum of manufacturing and ancillary industries including 
key decision and policy makers as well as industry captains 
who are keen to source latest technologies and manufacturing 
solutions for their product lines. IMTEX is co-located with 
Tooltech and Digital Manufacturing. Tooltech showcases 
machine tool accessories, metrology and CAD/CAM cut-
ting tools, tooling systems and trends. Digital Manufacturing 
offers the latest products in Additive Manufacturing and 
Industry 4.0.

geartechnology.com/events/5047-imtex-2023

January 23–27—SciTech 2023
Spanning over 70 technical discipline areas, AIAA’s con-
ferences provide scientists, engineers, and technologists 
the opportunity to present and disseminate their work in 
structured technical paper and poster sessions, learn about 
new technologies and advances from other presenters, 
further their professional development, and expand their 
professional networks that furthers their work. Focus areas 
include science and technology, aviation, space, propulsion 
and energy/defense. 

geartechnology.com/events/5040-scitech-2023

January 24–26—IPPE 2023

The International Production & Processing Expo (Atlanta) 
is the world’s largest annual poultry, meat, and feed industry 
event of its kind. A wide range of international decision-mak-
ers attend this annual event to network and become informed 
on the latest technological developments and issues facing 
the industry. Previous shows featured more than 8,018 inter-
national visitors from over 129 countries. Mexico and Latin 
American/Caribbean countries represent the largest region of 
international visitors, but there has been continued growth in 
numbers coming from Europe. Canada represents the largest 
single country outside the United States with regards to num-
ber of attendees.

geartechnology.com/events/5039-ippe-2023

February 21–23—PowerGen International

PowerGen is the largest network and business hub for electric-
ity generators and solution providers engaged in power gen-
eration. Power producers, utilities, EPCs, consultants, OEMs, 
and large-scale energy users gather at PowerGen International 
(Orlando, Florida) to discover new solutions as large, central-
ized power generation business models evolve into cleaner and 
more sustainable energy sources. This year-round platform of 
digital education, current and breaking industry news, thought 
leadership articles, quality matched meetings, and industry-
leading live events provide a hub for power generation profes-
sionals to learn and network.

geartechnology.com/events/5038-powergen-
international-2023

February 21–23—Houstex 2023

SME's Manufacturing Technology Series in Houston, Texas 
brings together key decision makers, major tool and tech-
nology suppliers and thought leaders from across a broad 
spectrum of manufacturing disciplines. Hands-on equipment 
demonstrations, keynotes and panel discussions, emerging 
manufacturing technology showcases and networking activi-
ties offer attendees an opportunity to learn about the latest 
manufacturing trends. Regional industries include oil and 
gas, aerospace, automotive, transportation, energy, military, 
plastics, research and development and more. Houstex is an 
interactive experience, dedicated to showcasing advanced 
technologies and processes that help manufacturers innovate 
and create industry transformation. 

geartechnology.com/events/5046-houstex-2023
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Gleason Model 13 Universal Tester, 
13" Gear Diameter, #39 & #14 Tapers, 
Gearhead ID = 0.0001" (0.0025 mm). 
Face = 0.0000" (0.0000 mm); Pinion 
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Gleason Model 519 Universal Tester, 36" 
Gear Diameter, 12" Pinion, #60 & #39 Tapers, 
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Klingelnberg Model AH1200 (48") 
Bevel Gear Quenching Press including 
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Minimum Usage Built 2008
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addendum

Beers and Gears 
Dontyne Entices Trade Show 
Attendees with In-House 
Nanobrewery 

Matthew Jaster, Senior Editor 

Trade show swag. It’s everywhere 
on the show floor—chocolates, 
plastic toys, T-shirts, free popcorn. 
As a frequent attendee to manufactur-
ing and engineering events, most indus-
trial professionals would agree we don’t 
need additional fountain pens. If you really want to 
grab attention at your trade show booth, why not offer beer? 

Backlash Brewery, located in Prudhoe in sight of the castle 
on the hill and close to the River Tyne, is a part of Dontyne 
Property and Leisure, the third Dontyne company. Dontyne 
Systems formed in 2006, followed by Dontyne Gears in 2013, 
were both set up to supply gearbox design software and ser-
vices to a range of industries. These companies now have 
more than 200 customers worldwide. The logical next step in 
the company’s evolution from gear design software was obvi-
ously beer.  

“I noticed on our trips in the UK and internationally, beer 
seemed to be a ubiquitous business tool,” said Mike Fish, 
director of Backlash Brewery. “Although there are some excel-
lent micro-breweries locally, I felt we would have an addi-
tional 'hook' if we could make the beer ourselves. We formed 
Backlash in 2017 with the idea of funding the brewing from 
a retainer from the two Dontyne companies and offering the 
product in 330 ml or 500 ml bottles free at exhibitions and 
other industry-based events. We have already used the product 
at exhibitions in Germany and Japan.”

In 2021, Dontyne was offered investment to expand the 
brewery so other companies could use it to promote their 
products. Dontyne needed to hire an experienced professional 
to help with the requirements of an increased customer base.  
Adam Brewer—yes, this is his real name—joined Backlash as 
head of brewing in January 2022. 

“Adam has worked for 
Tyne Bank Brewery and 
Blackstorm Brewery so 
he’s familiar with the local 
industry and has many con-
tacts that have helped us to 
develop our range and capa-
bility. As a result, we offer 
some other formats such 
as casks and kegs and are 
starting a gluten-free range. 
Brewer has gone on to pro-
duce some of his own recipes 
for lagers and IPAs,” Fish said.

Beers include Backlash Lager, Big in Japan (red ale), Proud Hill 
(blonde ale), Mucky Dog (brown ale), Self-Made Maniac (bitter).  
Fish believes the brewery should be classed more as a 'nano ' or 
even 'pico' brewery, but he still wants a profitable model. 

“We are looking to make batches as small as 50L at a time for 
specific occasions but could work up to 200L a day, if neces-
sary,” he added. 

Customers can come to the Backlash site and work 
on something with Brewer to meet their requirements. 
Dontyne can also host small groups at their site to offer 
Brew Days, very popular for team building. “Those opting 
for brew sessions have often chosen to have a custom label 
too which we can create and apply before we deliver the fin-
ished beer,” Fish said. 

Backlash was one of the main sponsors of the Tynedale 
Beer and Cider Festival 2022 this year. The festival site at 
Corbridge is only a few miles from Backlash and this has 
helped to promote mar-
keting opportunities and 
membership locally to 
the festival goers. 

As for IMTS 2022, 
Backlash Brewery was 
discussed, but bottles 
were not brought to the 
American trade show—
something Fish hopes to 
remedy for the 2024 event. 

Contact backlash@don-
tynepal.com for additional 
information.
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compact platform for the complete inspection of gears and shafts, fine pitch gears as small 
as .2 module. Measure sub-micron surface finish with a skidless probe, analyze waviness 

for profile, lead and pitch, execute noise analysis with sophisticated software tools.

gleason.com/nano
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MAXIMUM PRODUCTIVITY  
FOR QUIET GEARS
KLINGELNBERG SOLUTIONS FOR E-MOBILITY

mobility

The electrification of the automobile has brought about a fundamental change in the design and quality requirements of a 

car’s drive train. This has given rise to the requirement for 100% quality testing of the gears before they are installed in the 

gearbox, in order to minimize the number of complaints during end-of-line testing. The Klingelnberg product portfolio – 

consisting of the Cylindrical Gear Grinding Machine Speed Viper, the Cylindrical Gear Roll Testing Machine R 300 as well as 

the Klingelnberg Precision Measuring Center – is ideally suited for this purpose. Klingelnberg machines provide the solution 

for the manufacture and 100% quality testing of high-precision gears for the electric drive train.

Learn more:

WWW.KLINGELNBERG.COM

BEVEL GEAR TECHNOLOGY    CYLINDRICAL GEAR TECHNOLOGY    PRECISION MEASURING CENTERS    DRIVE TECHNOLOGY


