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GT VIDEOS

Gleason Modernization Programs
This video looks at a complete machine 
remanufacture on a Gleason P300 with 
all machine functions. The machine is 
returned to Gleason, where it is com-
pletely disassembled and rebuilt. A 
machine remanufacture is like buying a 
new machine but without the need to 
purchase new peripherals or to rethink 
existing process chains.

geartechnology.com/media/
videos/play/283

EVENT SPOTLIGHT

The Bearing Show North America/Lubricant 
Expo North America

The Bearing Show connects the evolv-
ing needs of bearings end users with the lat-
est technologies serving OEM development, 
maintenance professionals and R&D engi-
neers. It is colocated with the Lubricant Expo, 
North America’s newest exhibition and confer-
ence, connecting lubricant solution providers 
with the full range of end-user buyers, as well 
as the entire chemical and equipment supply 
chain with thousands of engineers and executives in attendance.

geartechnology.com/events/5109-the-bearing-show-north-america-
lubricant-expo-north-america

AS SEEN IN PTE

Lubrication Excellence
The increasing cost of food 
and beverage machiner y 
makes running equipment to 
failure not just impractical, but 
potentially devastating to your 
bottom line. However, there 
are solutions that can lead to 
significant savings, and an 
often overlooked one is imple-
menting an effective lubrica-
tion program.

powertransmission.com/articles/10049-lubrication-excellence
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As the year draws to a close, I’d like to take a moment 
to express my heartfelt gratitude for the continued 
support of Gear Technology’s readers, advertisers and 
authors. Thank you for being an integral part of the 

gear community. This holiday season, as I reflect on 
the challenges, triumphs, and growth of the past year, 

I am reminded of the shared passion we all have for advancing 
the field of gear manufacturing.

Your dedication to pushing the boundaries of innovation, 
excellence and precision in your work is what inspires the Gear 
Technology and AGMA team every day. Whether you’re engi-
neering the future of gears, refining manufacturing processes, 
or contributing to the development of cutting-edge solutions, 
your commitment fuels the progress of our industry—and 
we’re proud to be a part of that journey with you.

This year, we have strived to bring you the most relevant, 
insightful, and forward-thinking content to keep you informed 
and inspired. From the latest technological advancements to 
expert advice and industry trends, our mission remains clear: 
to support your ongoing learning and growth.

This holiday season, we hope you find time to unwind, 
recharge, and enjoy precious moments with loved ones. We 
look forward to continuing our work together in the coming 

year, bringing you more valuable resources, stories, and insights 
that support your work and the continued evolution of the 
gear industry.

We have a ton in store for you next year, including com-
pletely redesigned websites and a refreshed focus on digital 
content. We have a full slate of content scheduled, including 
our annual State-of-the-Gear-Industry survey in January, 
and we’re already looking forward to MPT Expo in Detroit 
next fall.

Hopefully you are also excited about the prospects of 2025. 
I know that many of you have big plans for your businesses, 
your careers and the new technologies you’re looking to imple-
ment. May the New Year bring you success, joy, and fulfillment 
both personally and professionally. 

Thank you once again for your trust and for being a vital 
part of our community.

Happy Happy 
HolidaysHolidays
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Nidec
LAUNCHES LATEST ZFA 
GEAR GRINDERS

The two ZFA series gear grinders are 
designed to perform high-speed and 
high-precision finish machining on 
gears. The two models are each designed 
for a different gear size range, with 
ZFA160 capable of handling gears with 
an external diameter of up to 160 mm, 
and ZFA260 accommodating gears with 
an external diameter of up to 260 mm. 
Capable of meeting the increasingly 
sophisticated users’ needs, both ZFA160 
and ZFA260 can mass-produce gears 
with a gear accuracy level equivalent to 
ISO 3 ( JIS level N3).

In regard to high-speed machining 
performance, the two models, with a 
newly developed twin-table structure 
and high-speed rotary performance, 
boast a nonmachining time of 4 sec-
onds, a 33 percent improvement from 
ZE16C, the current model, and a 50 
percent improvement from ZE26C. In 
addition, to secure a stable high-preci-
sion machining, ZFA160 and ZFA260 
employ stiffer work-table structures, 
grinding stone heads, and dress units 
among others. Furthermore, the mod-
els’ main axis structures were made to 
endure high-speed machining, while, for 
their machines’ heads (boards to com-
prise the machines’ main units), a ther-
mostable material (mineral cast), which 
suppresses vibration from high-speed 
machining and heat-caused dimension 
change, was adopted to stabilize accu-
racy during high-volume production 
(O.B.D. variation range during consecu-
tive machining: app. 10 μm).

ZFA160 and ZFA260 boast fea-
tures for machining EV gears as well, 
such as “simultaneous double-tooth 
flank bias adjustment,” a function to 

suppress distortion on flanks, and 
“low-noise machining,” which reduces 
periodical asperity on tooth flanks, 
among many other high-precision 
machining technologies.

Furthermore, as part of actions to 
curb environmental load, the users of 
the two latest models can select a circu-
lar, filter fabric coolant tank to process 
sludge- and coolant-containing waste 
from a machining process. This feature 
enables ZFA160 and ZFA260 to dis-
charge zero amount of sludge-containing 
paper filter, helping them generate less 
industrial waste than other models.

As automobiles become electrified, qui-
eter, more fuel-efficient, and produced 
at low cost, there is a globally growing 
need for high-precision finish of gears and 
the mass production of precision gears. 
In addition, as the demand for a variety 
of reducers for high-performance robots 
increases, the public are increasingly inter-
ested in gear grinders capable of high-
speed and high-precision machining.

nidec.com

Zeiss
OFFERS INSPECTION AND 
DATA MANAGEMENT 
INNOVATIONS

With the recent software release Zeiss 
Industrial Quality Solutions (Zeiss IQS) 
enhances its extensive software portfolio, 
introducing cutting-edge innovations in 
multiple software products to optimize 
inspection processes and streamline data 
handling capabilities.

Together with the prevailing CMM 
gold standard software Zeiss Calypso, 
Zeiss Inspect is the foundation for fur-
ther development of the Zeiss Industrial 
Quality Solutions software landscape. 
Zeiss Inspect facilitates intuitive inspec-
tion of optical 3D and X-ray data and 
includes functions that support efficient 

automated processes. Flexible customiza-
tion is possible thanks to numerous apps 
available in the Zeiss Quality Software 
Store and the built-in Python interface. 
AI-based applications enhance the over-
all capabilities of the software and are 
one of the current focus topics for soft-
ware development at Zeiss IQS.

“The vision is one software that solves all 
metrology tasks,” says Dr. Marc Wawerla, 
CEO of Zeiss IQS. Prospectively, Zeiss 
Inspect software will offer solutions 
for the complete technology portfo-
lio offered by Zeiss and unmet by any 
other competitor.

“Using our all-in-one software, cus-
tomers benefit from streamlined work-
flows and a consistent user experience. 
This facilitates learning and reduces 
training effort. Our expert software Zeiss 
Calypso stays the well-established stan-
dard for tactile measurements. The lat-
est version was released in June this year 
and we are already working on the next 
release,” explains Christoph Grieser, head 
of global software sales at ZEISS IQS.  

Zeiss Inspect 2025 introduces new 
features, further increasing through-
put, performance, and efficiency for 3D 
scanning and CT inspection.

Zeiss Inspect Optical 3D is the stan-
dard for the inspection and evaluation 
of 3D measuring data. It now provides 
a more intuitive, task-focused work-
flow for surface defect detection, sup-
ports scanning with multiple types of 
sensors in one project, and includes 
an optimized inspection workflow 
assistant for clear guidance, making it 
more user-friendly.

With the new release of Zeiss Caligo 
customers can export data automatically 
into Zeiss Inspect Optical 3D. Enabling 
faster data transfer and polygonization 
of the point cloud and extending evalu-
ation capabilities.

Zeiss Inspect X-Ray enhances highly 
automated CT data inspection and 
enables efficient workflows. A novel 
concept for the simple handling of com-
plex multi-component parts simplifies 
the inspection. Using new Multiview 
interface options customers can display 
different views in several combinations 
and conveniently inspect parts from 
multiple perspectives.

AI-based inspection is transform-
ing production and quality assurance. 

GEAR TECHNOLOGY  |  November/December 2024 geartechnology.com10

product news

http://nidec.com 
http://geartechnology.com


Automated inspection processes 
increase efficiency and quality while 
reducing costs. Routine tasks can be 
automated using AI models trained by 
machine learning. These models can 
easily be generated and used without 
being an AI expert. One application 
example is AI-based defect detection 
for CT data. Turning data into mean-
ingful insights and thus improving effi-
ciency and data quality.

Zeiss PiWeb 2025 introduces the 
PiWeb Monitor as a new browser-based 
application, allowing users to view and 
share reports effortlessly without instal-
lation. It retains key features like inter-
active CAD models and statistical anal-
yses. The update also includes flexible 
data import with plug-ins, centralized 
license management, enhanced statis-
tical tools, streamlining measurement 
processes and improving data analysis.

With the newly launched product 
family Zeiss Connected Quality, Zeiss 
IQS enhances its software portfolio 
with an innovative solution that seam-
lessly connects measuring systems, 
operators and quality data worldwide. 
The central collaboration platform for 
global quality operations introduces a 
whole new level of efficiency and data 
exchange. With its comprehensive soft-
ware portfolio Zeiss IQS enables effi-
cient quality inspection and data man-
agement, providing industries with reli-
able tools to ensure product excellence.

zeiss.com

LMT Tools
OFFERS HIGH-PRECISION, 
AUTOMATICALLY 
ADJUSTABLE TOOLS WITH 
FOUR CUTTING EDGES

The customized design of complex tool 
solutions is one of LMT Tools’ greatest 
strengths. The engineers in the 
“Advanced Tools” division support 
their customers as a strategic technol-
ogy partner and use their decades of 
experience and high level of techno-
logical and application expertise to 
create high-performance tool systems 
that are 100 per cent tailored to the 
respective customer requirements. The 
latest development stage: four-edged 

automatically adjustable tools with 
maximum performance, precision, flex-
ibility and process reliability.

Automatically adjustable tools are tool 
systems with movable cutting edges that 
can be controlled via a drawbar in the 
tool and slides. They enable the machin-
ing of complex component geometries in 
a single clamping operation and are pri-
marily used in the automotive industry. 
With four-edged automatically adjust-
able tools, LMT Tools offers customized 
high-performance tools for a productive 
machining process with short cycle and 
nonproductive times, high component 
quality and maximum process reliability.
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The tool system has four cutting 
edges, a stable, centrifugal force-resistant 
design and high-precision, complex tool/
insert components, allowing high cut-
ting speeds with impressive precision 
and first-class surface quality. This leads 
to a significant reduction in cycle times 
resulting in cost savings. The four cut-
ting edges can be adjusted continu-
ously, highly accurately and evenly in 
the micrometer range (transmission ratio 
1:4) and ensure µm-precise machining of 
a wide range of contours and diameters 

in one component with just one tool. 
The controllable cutting edges also allow 
any tool wear to be compensated for 
quickly and easily via the machining cen-
ter control system. Manual adjustment 
is no longer necessary, which reduces 
downtime and increases productivity.

Depending on the application condi-
tions and the material to be machined, 
indexable inserts with different cutting 
materials and geometries are used. For 
example, inserts with wiper geometry 
ensure the best surfaces and PCD-tipped 

inserts guarantee maximum performance 
when machining engine components 
and aluminum housings. Three levels can 
be set on the clamping holder—diam-
eter, length and angle. This contributes 
to an excellent surface finish. The four-
edged automatically adjustable tools are 
equipped with a central coolant supply 
that directs the coolant specifically to each 
cutting edge. The effective cooling and 
optimized chip removal increase produc-
tivity and maximize process reliability.

“Automatically adjustable tools offer 
a high degree of flexibility and cost-
effectiveness and are an ideal choice for 
complex machining processes with tight 
manufacturing tolerances, for example 
in the automotive industry,” says Rene 
Seger, project engineer, advanced engi-
neering at LMT Tools, adding “Our 
actuating tools with four cutting edges 
fulfill the highest demands in terms of 
precision and surface quality and guar-
antee short cycle times with the greatest 
possible process reliability. Together with 
the customer, we develop the optimum 
tool solution for their application-specific 
requirements. In doing so, we keep an 
eye on the entire production process.”

lmt-tools.com

Verisurf
DEMONSTRATES MACHINE 
TOOL PROBING SUITE

Verisurf Software, Inc. demonstrated its 
new Machine Tool Probing (MTP) suite at 
IMTS 2024. The solution is designed to 
support in-process inspection directly on 
CNC machine tools. As the only CAD/
CAM-based metrology software on the 

1.877.695.0280  ·  www.McInnesRolledRings.com

Rings 4”-144” OD   ·   DiSCS up to 60” 
CARBON • ALLOY • STAINLESS

Fast.
No Fine Print.
No Premium. 
At McInnes Rolled Rings, we provide quality 
products, shipped in as few as 4 days. And we 
partner that with exceptional customer service to 
forge the perfect partnership with our customers.

FORGING
AHEAD
OF THE PACK
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market. Verisurf continues to build on 
its heritage of intelligent Model-Based 
Definition (MBD) with new features, 
enhancements, and optimized workflows 
for inspection, reporting, reverse engineer-
ing, tool building, and guided assembly.

MTP extends Verisurf ’s commitment 
to universal compatibility and offers 
manufacturers inspection and report-
ing options beyond typical CMMs. 
Autonomous on-machine milling and 
inspection are accomplished with a 
single setup. CMM hardware costs are 
eliminated, parts (especially large parts) 
do not need to be moved to and from 
the metrology lab, environmental stabil-
ity is maintained, no additional fixtures 
or realignment of parts is necessary for 
measurement, and the closed-loop pro-
cess improves overall process control.

Verisurf Software is configured in 
application modules delivered through 
powerful solution suites designed to 
optimize the user experience and exe-
cution of workflows. The Verisurf user 
interface presents applications in a 
Windows ribbon bar style. This provides 
a familiar user experience and enables 
new and existing customers to quickly 
identify and utilize each solution suite’s 
workflows and underlying features, tools, 
and capabilities, helping to maximize 
their metrology investment.

“The Verisurf MTP Suite provides 
extended flexibility for quality inspec-
tion. Our no-code programming and 
open platform compatibility allow cus-
tomers to create automated inspection 
plans with unmatched efficiency that 
can be executed on stationary or porta-
ble CMMs, and now, on all equipped 
CNC machine tools as well,” said Ernie 
Husted, Verisurf ’s president and CEO. 

Verisurf is built on the Mastercam 
platform, which allows the CAM and 
CAI (Computer Aided Inspection) 

programming to be generated using 
the same software. This provides 
numerous benefits over other on-
machine inspection applications. The 
programming process and file manage-
ment complexity are reduced, measure-
ment results can be directly applied to 
improve machining, and overall process 
control is increased by closing the loop 
between the physical machined part 
and the intelligent CAD model.

verisurf.com

Cut Teeth Only

There’s a Better Way.

800.248.5152
southerngear.com

Fine, Medium, Coarse Pitch | Spur, Helical | 
Shafts, Sprockets, Worms | Straight Bevel 

HUBzone  |  Veteran Owned  |  ISO 9001  |  AS9100D  |  ITAR Compliant

Time is 
Money
Not everyone’s cut out  
for Cut Teeth Only.

Speed it up. Send us your 
gear blanks and specs –  
we’ll cut them complete  
and have them ready  
for shipment in as little  
as two weeks. 

From start to finish,  
in our world class,  
AS 9100 D certified  
gear manufacturing 
environment.

Learn more, get a quote  
on your next CTO project:  
www.southerngear.com/CTO
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helical milling cutters—significantly 
reduce chatter, vibration and stress on 
manufacturing equipment.

The Turbo 12 and 18 chip splitter 
inserts incorporate grooves on both of 
their cutting edges to minimize chip 
size and reduce cutting forces without 
reducing cutting data and depth of cut. 
By keeping chips as small as possible, 
shops lessen the risk of chip jamming, 
which improves process security and 
allows for more effective machining of 
deep pockets.

Seco Tools
INTRODUCES LATEST CHIP 
SPLITTER MILLING INSERTS

Seco has introduced two new chip 
splitter milling inserts that lower the 
stress on both the machine and cut-
ting tool for improved milling pro-
cess stability. The Turbo 12 and 18 
chip splitter inserts for the compa-
ny’s Turbo cutters—available in five 
grades for both square shoulder and Product managers, Magnus Engdahl 

and Michael Davies work in tandem 
and spearhead the team who develop 
the inserts. “The Turbo 12 and 18 chip 
splitter milling inserts apply to various 
machining applications and materials,” 
said Engdahl.

“The versatility of the inserts makes 
them suitable for a wide range of indus-
try segments and materials, providing 
customers with a flexibility,” adds Davies.

Hard-to-reach part features can pose 
challenges, and even the most robust 
combinations of machine and tool can 
struggle with long overhangs. Seco chip 
splitter inserts overcome these challenges 
by effectively evacuating chips from deep 
pockets for improved chip flow. Plus, 
Turbo 12 and 18 chip splitter inserts 
reduce chatter commonly associated with 
long-reach applications, resulting in lon-
ger tool life and better surface finishes.

Because of their stability and ability 
to reduce cutting forces, Turbo 12 and 
18 chip splitter inserts give shops the 
much-needed process security and reli-
ability required for effective unattended 
machining operations. As a result, shops 
increase output while also minimizing 
stress on the machine and tool.

secotools.com

Mitutoyo 
America 
Corporation
RELEASES NEW METLOGIX 
M3 WITH THE MITUTOYO 
QUICK IMAGE VISION 
SYSTEM

Mitutoyo America Corporation, a leader 
in precision measuring instruments, is 

machinetoolbuilders.com   (815) 636-7502

Gear Cutting
machine

	

Our hobbing and grinding machines  
save big on fine pitch gear production. 
Here’s the pitch… 
 You’ll pay a premium for the ‘household’ brandnames 
– and fine pitch gear production doesn’t come cheap.  
We’ve brought economical, worldclass performance 
to fine- and super-fine pitch gear production with 
HAMAI horizontal hobbing, SMG vertical hobbing, 
and Burri combination profile and generating grinding 
machines. Various capacities, automation and other 
options to choose from.

Contact MTB today. You’ll like our pitch.

SMALL GEARS. 
BIG SAVINGS.
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excited to announce the integration of 
the powerful Metlogix M3 software into 
the Mitutoyo Quick Image (QI) 2D 
Vision Measuring System. This latest 
enhancement promises to elevate the 
precision and efficiency of noncontact 
measurements, further solidifying Mitu-
toyo’s commitment to providing innova-
tive technology solutions to meet mod-
ern quality control needs.

Unmatched Efficiency 
and Ease of Use

The integration of Metlogix M3 software 
transforms the Quick Image system, 
known for its superior accuracy and ease 
of use, into an even more robust tool for 
noncontact measurements. The M3 soft-
ware introduces a highly intuitive, icon-
driven interface designed for simplicity 
and speed. 

Key Features of the 
Metlogix M3 Software 

with Quick Image: 
•	 Pattern-Based Measurements: The 

M3 software provides innovative 
pattern-based tools that simplify the 
measurement process, making it easy 
to measure multiple points in a single 
action. This dramatically reduces 
setup time and increases productivity.

•	Advanced Video Probes: The soft-
ware’s advanced video edge detec-
tion tools, such as EyeMeasure 
and MeasureLogic, enable fast, 
accurate edge and feature capture. 
The VTouch probe brings unprec-
edented functionality by allow-
ing video-based touch probing for 
quick acquisition of individual 
points.

•	Field of View Measurement: 
Metlogix’s powerful Field of 
View (FOV) functionality auto-
mates part measurements by 

simply placing multiple parts in 
the camera’s view. The system 
detects, measures, and displays 
results without the need for opera-
tor intervention, streamlining the 
inspection process.

•	SuperImage Stitching: For larger 
workpieces up to 400 mm, the 
Quick Image system utilizes an 
ultra-long 90 mm working dis-
tance to capture and stitch multiple 
frames into a single image with 
Metlogix’s SuperImage feature. 
This function enhances accuracy 

and clarity over larger areas while 
allowing f lexible, soft fixture set-
ups for repeated measurements. 

Versatility and 
Scalability

With the enhanced capabilities of the M3 
software, the Quick Image system can 
support a wide range of workpiece sizes, 
measuring up to 400 mm with its stage 
stitching function. This ensures that man-
ufacturers can measure larger components 
with precision and efficiency.

mitutoyo.com

Learn more at PickPM.com.
© 2024 Metal Powder Industries Federation

Powder 
Metallurgy

For details, visit
PowderMet2025.org or 
AMPM2025.org

Drive and Driven Sprockets
Used in a pickup truck with a hybrid 
drivetrain incorporating both battery 
propulsion and ICE technology. The 
sprockets are used when the transfer 
case is engaged using a chain drive.
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Resistance
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JUNE 15–18 • PHOENIX

Americas’ Leading 
Conferences on Powder 
Metallurgy and Metal 
Additive Manufacturing
Where Ideas Become 
Solutions

Attendees will have 
access to hundreds 
of technical 
presentations from 
worldwide experts 
on the latest 
research and 
development.

TECHNICAL
   PROGRAM

The largest annual 
American exhibit 
showcasing leading 
suppliers of powder 
metallurgy and 
metal additive 
manufacturing 
powders, equipment, 
and products.

TRADE
   EXHIBIT
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Vector company photo at Mine Expo 2024 in Las Vegas.
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108 Years Old 
Is the New 30
Why AGMA’s tenure doesn’t 
affect its relevancy to a modern 
manufacturer

Rebecca Brinkley, Senior Director, 
Member Engagement, AGMA

It was a busy year for the gear industry. Large and small com-
panies had to navigate the interest rates, tariffs, supply chain 
disruptions, labor shortages, and the unknown economic out-
look with an election year in the U.S. Leaders that normally 
would be brainstorming their five-year strategic plans had to 
get comfortable with a day-to-day strategy. As each quarter 
ended, however, AGMA witnessed resiliency, innovation, col-
laboration, and even quite a bit of growth for some sectors—it 
was an exciting year to visit members in person.
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AGMA staff, including myself, logged thousands of miles 
traveling worldwide to see first-hand the incredible work that 
manufacturers and suppliers do to keep the industry healthy and 
up to date with emerging technologies, smart factories, appren-
ticeship programs and so much more. The right association does 
not just support its members from behind a desk but goes to 
events, tradeshows, manufacturing plants, and conferences to 
connect those it serves—AGMA goes where its members are, 
and that is how we can offer the best value even after 100 years.

One of the most consistent things between all the places I trav-
eled was the focus on modernizing the plant floor, creating sustain-
able solutions to improve processes and life cycle, communicat-
ing with end users, and, as usual, growing and training the future 
workforce. Let’s take a deeper dive into what much of this means 
for those here in the U.S. and what we saw at the international level. 

Modernization of the 
Manufacturing Process

Four years ago, AGMA dedicated a full-time person to developing 
an Emerging Technology department to: “Identify, investigate, and 
inform AGMA members of emerging technologies that may dis-
rupt or significantly impact the gear manufacturing industry.” The 
AGMA Board of Directors and staff built the department based 
on members’ needs to further understand what could affect their 
business on a technological level and to be the conduit for subject 
matter experts to share real-time data and solutions through webi-
nars, guest speakers, or industry events. Many of the members who AGMA Member Federal Gear showcases various-sized projects they 

handle at their manufacturing plant in Cleveland.

AGMA Member Forest City Gear CEO Kika Young shows AGMA’s 
Senior Director, Events & Education, Leah Lewis, some of the prod-
ucts they manufacture at their facility in Rockford, IL.

Head of Customer Service Cutting and Grinding Oils at Blaser Swiss-
lube, Patrick Toenz, teaches Senior Director, Member Engagement, 
AGMA, Rebecca Brinkley how to measure and detect impurities in 
lubrications to avoid any downtime in manufacturing.



visited this year expressed the unparalleled value that this depart-
ment has brought to their plant managers, operators, and even the 
leadership at the strategic planning level.

Across the globe, smaller factories brought in automa-
tion for the first time. They invested in having the capabil-
ity to remove the third shift, if necessary because they had a 
cell that could work overnight to complete work. Many did 
not know if bringing in robotic arms or more sophisticated 
machines would be financially viable. Still, they beamed with 
pride when demonstrating the efficiency and productivity 
the technology made possible. Although some employees are 
still skeptical about how their future fits with the “machines,” 
they do acknowledge that there is more flexibility. As automa-
tion becomes more mainstream and affordable, one question 
remains: Now, you are not just bringing in a robot; how do you 
train your current operators to run it? 

Sustainability of the 
Manufacturing Process

You will hear the word sustainability if you have visited a trade-
show, conference or manufacturing company in Europe recently 
(along with many other places). This is where many of the visits 
differed among members – the focus of what that word means. 
For some, it is a marketing term that meets the demands of 
what the end user’s consciousness tells them to buy, but for oth-
ers, it is an authentic way of life. From government regulations 
to company footprint policies, many suppliers and manufactur-

ers prioritize clean energy, operational efficiencies, protecting 
natural resources and environments, and just taking a long-term 
approach to how they offer solutions. I could see charts on plant 
floors, listen to staff meetings at foundries, and learn how com-
panies want to maximize the importance of “thinking before 
doing” in all parts of their jobs.

AGMA Board Member, Star SU President, Andreas Blind and Direc-
tor of Marketing, Mark Parillo, stand in front of their gear-cutting 
tools table at the 2024 IMTS in Chicago.

U.S. Office Location (Chicago) Email 
inquiries to: alex@dtr .co .

  PHONE:   Fax: 224-220-1311

DTR has sales territories available.  Call for more information.

 

WWW.DTR .CO

DTR. Your best choice for high quality gear cutting tools.

 

Learn more tr
847-375-8892

alex@dtrt .co  

Headquarters

     PHONE: +82.32.814.1540
     FAX:       +82.32.814.5381

All The Gear Cutting Tools You Will Ever Need Are Right HereAll The Gear Cutting Tools You Will Ever Need Are Right Here
DTR is one of the world’s largest producers.

7 Seneca Ave W, Hawthorn Woods, IL 60047
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A new AGMA Member Affolter Group apprentice demonstrates learned 
machining skills at the manufacturing facility in Bien, Switzerland.

AGMA’s Senior Director, Member Engagement, Rebecca Brinkley, 
stands shocked after seeing a giant double helical gear at her recent 
Horsburgh & Scott visit.

It is important to note that even with the best intentions, 
sometimes the job needs to get out the door as quickly as 
possible. Many manufacturers stated that for most of the 
year, they were not even out to bid—they either did not have 
enough capacity or lead times, pushing them back with some 
supply chain issues. Either way, it is all hands on deck, and 
although they will meet the regulatory requirements, the sus-
tainability effort might take a back burner to meet customers’ 
demands. If you are in the defense, aerospace, space or medical 
industries—you might be able to relate to this. Either way, we 
see an increase in the number of members talking about the 
subject; AGMA is committed to ensuring that all the regula-
tions, government contract requirements and other important 
resources are discussed during our Trade Webinars—another 
way we offer value to the modern manufacturer. 

Workforce of the 
Manufacturing Process

Having a well-trained staff has been a challenge for the trades 
for decades. Whether it is the reputation of doing dirty jobs, 
the lack of decent pay, or just difficult hours to balance a fam-
ily and work, people have not given manufacturing jobs a fair 
shake, and our members feel it. It does not matter what country 
you work in; the workforce issue is everywhere. When touring 
many factories, it was evident that machines were left unused 
and entire cells were dark from months of not having enough 
staff. Although that is not a great news story, it is a truth that 
many people face and, therefore, find ways around it. Many staff 

saw fewer people at tradeshow booths to avoid disruption back 
at the plant, some events did not attract two or three people 
from the same company to avoid downtime, and unless the pro-
gramming was imperative, our Gear Geeks had to weigh out 
the ROI of each thing they signed up for.

AGMA has pivoted to meet this issue by offering many 
resources online. The Workforce Training Series, the three 
online courses that are free to members, has been fully 
revamped and updated to help businesses provide an imme-
diate training tool right from the comfort of their computers. 
Other classes have been put online and now, more than ever, 
our instructors have been contracted to go onsite to teach 
operators on their machines. The business saves money on 
travel and hotel expenses, and its employees get to apply the 
skills they have learned in their direct work environment. This 
value goes far beyond the dollar and can ensure employees feel 
invested, making them stay longer.

AGMA

For Related Articles Search

at geartechnology.com
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Our association’s job is to make our members’ jobs easier. 
Whether that is through being the periscope for emerging 
technologies and gathering subject matter experts to share 
realistic solutions or through offering education to help teach 
and grow their workforce, AGMA and its Board of Directors 
work diligently with members to drive the value of what is 
included with membership. Traveling around the world to 
visit with hundreds of members in 2024 gave us great insight 
into the needs and wants of those on the plant floor and in the 
C-Suite. We are grateful to be the resource many in the gear-
ing community consider their go-to. We love gathering our 
industry professionals and talking about the important things 
happening to them and because of them. A great deal of 
planes, trains and automobiles later, I still think that I have the 
best members on the planet, and I know my fellow AGMA 
staff members are working to ensure that we reach another 
108 years of providing value (but still only looking 30)! 

agma.org

Scan QR Code 
and learn more.
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Gearing Up for Success
Transforming workplace culture in gear manufacturing

Lisa Ryan, Certified Speaking Professional

As you navigate the ever-evolving land-
scape of gear manufacturing, it’s become 
increasingly clear that success isn’t 
solely determined by the precision of 
your machines or the latest technologi-
cal advancements. While these factors 
remain crucial, the true differentiator in 
today’s competitive market lies in culti-
vating and nurturing your most valuable 
asset: your people.

Picture this: You’re standing on your 
gear manufacturing floor, surrounded 
by the rhythmic hum of cutting-edge 
machinery and the gleam of freshly 
milled gears. You’ve invested in the 

latest technology and top-notch equip-
ment. Your team possesses the techni-
cal expertise to produce components 
that power clean energy solutions, drive 
vehicles safely across continents, and 
push the boundaries of what’s possible 
in countless industries. Yet, something 
feels off. Despite all the precision in 
your gears, your workplace culture could 
use some fine-tuning.

In my years of working with manu-
facturers, I’ve seen this scenario play 
out time and time again. The solu-
tion isn’t always about buying the 
newest machine or implementing 

the latest software. Often, it ’s about 
something much more fundamen-
tal: how you treat each other and 
approach your work each day. It ’s 
about creating a culture that values 
both your machines’ precision and 
your people’s potential.

In this article, we’re going to explore 
a framework that can transform your 
workplace culture and keep your team 
engaged, motivated, and loyal. We’ll 
dive into six key areas that, when 
addressed, can make a significant differ-
ence in your day-to-day operations and 
long-term success.
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The Six Gears of 
Grategy

1. Attitude: Your Foundation 
for Progress
In gear manufacturing, where microns 
make the difference between a smooth-
running transmission and a noisy failure, 
attitude is the bedrock that supports 
everything else. It’s not just about being 
positive; it’s about being open to change 
and willing to see the real picture of 
what’s happening in your plant.

Remember the introduction of 
advanced gr inding technologies? 
Some saw it as a threat, while others 
viewed it as an opportunity to enhance 
their capabilities. The companies that 
thrived were those with leaders and 
teams who had the right attitude—
open to new technologies and willing 
to adapt their processes.

To cultivate a productive attitude in 
your organization:
•	 Embrace reality-based thinking. 

Don’t shy away from hard truths 

about your operations. If your OEE 
(Overall Equipment Effectiveness) 
isn’t where it should be, acknowl-
edge it openly. This honesty creates a 
foundation for real improvement.

•	 View challenges as opportunities 
for growth. When faced with a dif-
ficult customer requirement, instead 
of thinking “We can’t do that,” ask 
“How can we make this work?” This 
shift in attitude often leads to inno-
vative solutions and can even open up 
new market opportunities.

•	 Lead by example. As a leader, your 
attitude sets the tone for the entire 
organization. If you’re resistant to 
change or unwilling to acknowledge 
problems, your team will follow suit. 
On the f lip side, if you approach 
challenges with enthusiasm and 
a problem-solving mindset, you’ll 
inspire your team to do the same.

2. Appreciation: An 
Unexpected Tool for 
Operational Excellence
Appreciation, in this context, is about 
training your mind to find the good, 
no matter what’s happening around 

you. It ’s a powerful tool that can help 
you maintain a positive outlook even 
when facing the toughest challenges 
in your operations.

Try these three strategies to culti-
vate appreciation:
•	 Start a daily gratitude journal. At 

the end of each shift, write down 
three things that went well or that 
you’re grateful for. It could be as 
simple as a machine that ran with-
out a hitch, a problem you solved 
in a complex design, or a moment 
of clarity in a challenging project. 
This practice trains your brain to 
look for the positive, even on the 
toughest days.

•	 Practice mindful observation. 
Once a day, take a moment to truly 
observe your operation. Notice 
the precision of your machines, 
the skill of your operators, or the 
quality of your finished products. 
Appreciating these details can reig-
nite your passion for the work and 
help you see your daily tasks in a 
new light.
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•	 Find gratitude in setbacks. When 
things go wrong—and in manufac-
turing, they sometimes do—chal-
lenge yourself to find something 
to be grateful for. Perhaps a failure 
in a heat treatment process led to 
an important discovery, or a delay 
allowed time for an even better solu-
tion to emerge.

3. Access: Unlocking the 
Genius on Your Shop Floor
Here’s a wild idea: The next big innova-
tion in your gear shop might come from 
the person you least expect. That’s what 
access is all about—creating an environ-
ment where ideas can flow freely, regard-
less of job title or years of experience.

Consider these approaches:
•	 Implement an open-door policy. 

Or better yet, a no-door policy. 
Make it easy for anyone to share 
ideas. This could mean regular 
walk-throughs where you engage 
with operators and ask for their 
input on process improvements.

•	 Set up a suggestion box (physical 
or digital) where people can submit 
ideas anonymously. Review these 
suggestions regularly and imple-
ment the best ones. Then, make sure 
to publicize the improvements and 
credit the innovators.

•	 Hold regular brainstorming ses-
sions. Make them engaging—maybe 
over a pizza lunch. You’d be amazed 
at what people come up with when 
they’re relaxed and feel heard. Topics 
could range from ways to reduce 
setup time to ideas for improving 
shop f loor organization.

Remember, the person operating a 
gear grinding machine day in and day 
out often has insights that even the 
most experienced gear engineer might 
miss. By creating an environment of 
open access, you’re tapping into a wealth 
of knowledge and creativity that could 
revolutionize your operations.
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4. Applause: Celebrating 
Success, One Component at 
a Time
In your world, you’re often so focused 
on what went wrong (that tolerance 
that was off by a hair, that delivery that 
was 10 minutes late) that you forget to 
celebrate what went right. And that’s a 
missed opportunity.

Here’s how to start:
•	 Did your team just complete a big 

order ahead of schedule? Celebrate 
it! This could be as simple as a 
company-wide email acknowledging 
the achievement, or as elaborate as a 
catered lunch for the team.

•	 Did someone figure out a way to 
reduce setup time on a tricky helical 
gear? Shout it from the rooftops (or 
at least the shop f loor)! Consider cre-
ating a “Wall of Fame” where inno-
vative solutions are showcased.

•	 Implement a peer recognition pro-
gram. Sometimes the best applause 
comes from colleagues. Set up a sys-
tem where team members can nomi-
nate each other for outstanding work. 
This not only boosts morale but also 
encourages a culture of excellence 
and mutual respect.

Remember, in manufacturing, you’re 
often dealing with tolerances that are 
invisible to the naked eye. But that 
doesn’t mean your celebrations should 
be equally microscopic. By applaud-
ing successes, both big and small, you’re 
reinforcing the behaviors and attitudes 
that drive your company forward.

5. Acts of Service: 
Manufacturing a Better 
Community
Community engagement isn’t just about 
feeling good or boosting your PR. It’s 
about crafting a future where your busi-
ness can thrive. Think of it as precision 
community calibration.

Consider these approaches:
•	 Partner with local schools for 

STEM programs. You’re not just 
helping kids; you’re potentially man-
ufacturing your future workforce. 
This could involve hosting field trips 
to your facility, sponsoring robot-
ics teams, or offering internships to 
promising students.

•	 Open your doors for facility tours. 
You’re not just showing off shiny 
machines; you’re buffing away those 
old, rusty perceptions of manufactur-
ing. Invite local business leaders, edu-
cators, and community members to 
see modern manufacturing in action.

•	 Participate in local events. It’s about 
calibrating your business to the needs 
and values of your community. This 
could mean sponsoring a local sports 
team, participating in charity runs, or 
setting up a booth at community fairs 
to showcase the high-tech nature of 
modern gear manufacturing.
By engaging with your community, 

you’re not just being a good corporate 
citizen. You’re also addressing one of the 
biggest challenges facing your industry: 
the skills gap. By showing young people 
the exciting, high-tech nature of mod-
ern manufacturing, you’re helping to 
ensure a pipeline of skilled workers for 
the future.

6. Accountability: The Secret 
Sauce of Excellence
In your world, accountability isn’t about 
pointing fingers. It’s about empowerment.

Here’s how to build a culture of 
accountability:
•	 Set clear expectations. Make sure 

everyone knows not just what they’re 
supposed to do, but why it matters. 
This goes beyond job descriptions. 
It’s about helping each team member 
understand how their work contrib-
utes to the bigger picture.

•	 Implement KPIs that truly reflect 
what’s important—not just production 
numbers, but quality metrics, innova-
tion goals, and customer satisfaction. 
For example, track not only gears 
produced per hour, but also first-pass 
yield rates, customer returns, and on-
time delivery percentages.

•	Make it safe to fail. I know, in your 
business, failure can be costly. But if 
your team is afraid to try new things 
or speak up when they see a prob-
lem, you’re missing out on potentially 
game-changing innovations. Create a 
culture where “fail fast, learn fast” is 
the norm.

Accountability also means recog-
nizing and rewarding those who con-
sistently meet or exceed expectations. 
This could involve performance-based 

bonuses, opportunities for advancement, 
or simply public recognition of a job 
well done.

Manufacturing Your 
Stronger Future

As you implement these six gears, it’s 
crucial to recognize the unique charac-
teristics that will shape the 2025 work-
place and beyond. Today’s workforce 
is more digitally connected, culturally 
diverse, and values-driven than ever. 
Employees are not just looking for a pay-
check; they seek purpose, growth, and a 
sense of belonging. This shift calls for a 
fresh approach to leadership—empa-
thetic, flexible, and forward-thinking.

In this new landscape:
•	 Connect work to a greater purpose: 

Clearly communicate your company’s 
mission and how each role contrib-
utes to it. Encourage employee input 
to foster a sense of ownership and 
pride in their work.

•	 Invest in professional development: 
Offer training programs and mentor-
ship opportunities that help employ-
ees level up their skills. Regularly 
discuss career aspirations and provide 
support to achieve these goals.

•	 Prioritize effective communica-
tion: Ensure transparent and open 
communication at all levels. Set clear 
expectations and create an environ-
ment where feedback is not just wel-
comed but acted upon.

•	 Create a positive work environ-
ment: Ensure your team has the 
resources they need to succeed and 
promote a healthy work-life balance 
to keep stress at bay.

•	 Show gratitude and appreciation: 
Never underestimate the power of a 
‘thank you’. Use both verbal recogni-
tion and nonverbal gestures to make 
a big impact.

•	 Understand the ripple effect of 
appreciation: Recognize that a 
happy team leads to happy customers 
and lower turnover rates.

•	 Embrace the manager’s role in 
engagement: Practice active listen-
ing to understand your team’s needs 
and be adaptable to new strategies 
when necessary.

So there you have it—the Six 
Gears of Grategy. I know what you’re 

GEAR TECHNOLOGY  |  November/December 2024 geartechnology.com26

http://geartechnology.com


thinking. “Lisa, this all sounds great, but 
I’ve got gears to make and deadlines to 
meet.” I hear you. But here’s the thing: 
in today’s world, making great gears isn’t 
enough. To really succeed, to attract and 
keep the best talent, to stay ahead of the 
competition, you need more than just 
precision machines. You need a preci-
sion culture.

Remember, you’re not just making 
components. You’re making parts that 
power clean energy solutions, drive vehi-
cles safely across continents, and push 
the boundaries of what’s possible in 
countless industries. That level of impor-
tance demands more than just technical 
skill. It demands a culture of excellence, 
innovation, and yes, gratitude.

Implementing these strategies isn’t 
always easy. It requires commitment, 
consistency, and sometimes, a willing-
ness to step out of your comfort zone. 
But the payoff can be enormous. Imagine 
a workplace where problems are seen as 
opportunities, where innovation flows 
freely from all levels of the organiza-
tion, and where every team member feels 
valued and understands their role in the 
bigger picture of gear manufacturing.

That’s the kind of workplace that not 
only produces precision parts but also 
precision people—skilled, engaged, and 
committed to excellence. It’s the kind 
of workplace that can weather economic 
ups and downs, adapt to technological 
changes, and consistently deliver value 
to customers.

So, if you’re ready to start gearing up 
for a stronger future, with these Gears 
of Grategy in place, you’ ll be cut-
ting through challenges and polishing 
your success in no time. The future of 
manufacturing isn’t just about better 
machines—it’s about better cultures. 
And that future starts with you.

lisaryanspeaks.com

Lisa Ryan is the Chief 
Appreciation Strategist and 
Founder of Grategy, where 
she specializes in workplace 
culture transformation 
through the strategic 
application of gratitude.
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Chamfering Can Make the 
Difference—The Choice 
Is Yours
Match the ideal solution to the workpiece

Gottfried Klein, Director of Product Management, Soft Machining Solutions, 
Gleason Corporation

They say necessity is the mother of invention. The arrival of 
a new generation of cylindrical gear chamfering solutions in 
recent years isn’t by accident. Gear manufacturers who might 
have turned a deaf ear to a new chamfering technology just a 
few years ago now welcome it with open arms. After all, the 
benefits of quality chamfering are now well-known, and their 
application is near-mandatory. Inadequate and uneven cham-
fers cause extraordinary costs when applying expensive hard-
finishing tools down the value stream. Gears that aren’t prop-
erly chamfered and deburred can lead to overloaded edges and 
unanticipated and undesirable noise. This is particularly true in 
EV applications where torque transmission, unlike combustion 
engine vehicles, goes from zero to a much higher maximum 
almost instantly. As a result, EV gears require hard finishing 
(honing and threaded wheel grinding), and chamfering/deburr-
ing becomes critical. In the case of honing, a burr as small as 
just a few microns left on the hardened flank of a gear can cause 
excessive and costly wear on the honing ring, increasing tool 
cost and reducing productivity.

Nonetheless, gear manufacturers are wary of introduc-
ing anything to their processes that will appreciably increase 
cost-per-piece. Chamfering solutions must be both effective 
and extremely economical. Ideally, they should be ingeniously 
paired with preceding soft-cutting machines so that the long-
term total cost of ownership becomes virtually unnoticeable—
at most just a penny or two per piece. No single chamfering 
solution fits all. Each offers advantages and disadvantages that 
can rule them out, given the needs of a particular application, 
or make them the perfect fit.

For comparison purposes, let’s look at several common and 
most recent chamfering technologies and their likely range of 
applications from small workpieces produced in high volumes 
to larger workpieces produced in lots as small as one.

Chamfer Rolling for High-Volume 
Production

Sometimes referred to as press chamfering or rotary chamfering/
deburring, this very fast forming process has been around for 
years, and it is used effectively for high-volume production of 
planetary gears or shafts with interfering contours. Using gear-

Chamfer rolling with secondary deburring discs. A very fast process that 
can, however, form a secondary burr that must be removed downstream.

Gear hobbed with remaining hob burr (left). Gear hobbed and rough deburred during hobbing (middle). Gear after hobbing, rough deburring 
and then chamfer hobbing in parallel with hobbing (right).
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the chamfered gear and the shaft diameter in close proximity, 
are inherently more difficult to chamfer and deburr due to the 
clearance requirement. Radial chamfering is the right chamfer 
process for gears with adjacent contours that need to be shaped 
or power skived as well. Even with just a few millimeters gap 
common to cluster gears, double pinions or rotor shafts, radial 
chamfering with the proper tool design offers the ideal solution.

A single radial chamfering tool can be designed for cham-
fering the gear flanks, with or without root chamfering. A 
two-tool option adds more flexibility to adjust the chamfer 
angle with tools specifically designed for the obtuse and acute 
edges to meet a customer’s specific design requirements before 
the subsequent hard-finishing operations. This is particularly 
advantageous in the case of gears with high helix angles where 
obtuse and acute angles can be quite different. Using Gleason 
simulation software, chamfer form, angle, width and even the 
expected inspection graph will be defined in advance.

Chamfer Hobbing for Medium to 
High Volume Production

While chamfering with hobs has been known for decades, chamfer 
hobbing takes the process to a new level. Chamfering is performed 
using a Gleason chamfer hob. The cutting tool has characteristics 
very similar to a gear hob. It is made with high-speed steel and fea-
tures AlCroNite Pro coating for exceptional tool life in dry-cutting 
conditions. With Gleason chamfer hobbing, one chamfer hob is 

shaped tools that mesh with the workpiece creates chamfers 
along the tooth edges. Excess material flows mainly to the face 
side of the gear, where it’s cut away with single blades, deburr-
ing discs, or file discs, depending on gear shape and/or machine 
configuration. However, the forming process can result in a 
minute deformation of the workpiece and material flowing into 
the gear tooth flank itself, thus forming a secondary burr that 
must be removed in yet another operation before hard finishing 
downstream. Additionally, with dry machining now predomi-
nant, the forming process isn’t as efficient as when performed 
wet, reducing tool life. For EV applications in particular, these 
factors can combine to raise costs to prohibitive levels.

Radial Chamfering for Small to 
High Volume Production

Chamfer rolling is a poor choice for EV transmission gears, pin-
ions, and shafts; new chamfering processes are needed. One of 
these is radial chamfering. It can now be applied in parallel with 
gear hobbing for the first time. Rather than forming the cham-
fer through rolling, it is produced with a cutting process using 
either one or two resharpenable milling cutters, thus eliminat-
ing a subsequent operation to remove the excess material that 
can result from chamfer rolling. With cycle times and tool cost 
per piece of paramount importance, replacing chamfer rolling 
with radial chamfering makes perfect sense—particularly for 
shaft-type parts. These shafts, often with the root diameter of 

Radial chamfering for shafts and gears with collision issues and shortest cycle time requirements.
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used for each tooth flank, with a tooth profile specifically designed 
for the chamfer form that’s required. The chamfer hob looks like a 
standard gear hob but with asymmetric teeth. One flank is designed 
for cutting the chamfer, the other flank is designed not to touch 
the counter flank. This process delivers great flexibility regarding 
required chamfer angles. Typically, parallel-chamfer forms are cut 
along the tooth edge only or including the root area. Chamfer 
angles like those commonly produced in the chamfer rolling pro-
cess are targeted (15–30 degrees on the obtuse edge, 25–35 degrees 
on the acute edge). In the chamfer hob design process, Gleason 
technology software is used to simulate the required chamfer and 
identify and avoid all potential collisions of the tools with the 
counter flank and interfering contours above and below the actual 
gearing. By cutting into the gap, burrs are avoided on the face side 
of the gears. With typical chamfer angles, there are no measurable 
burrs on the flank that require removal downstream. These factors, 
plus tool shifting to more evenly distribute wear and extend tool 
life, result in the absolute lowest tool-cost-per-piece: just one cent 
or less on average for a typical EV intermediate gear.

Fly Cutter Chamfering
While fly cutter chamfering has long been used in bevel gear 
cutting applications, it has just recently been made available for 
larger (truck-size) cylindrical gear production and those applica-
tions where maximum flexibility and frequent part changeover 
make the use of dedicated tools (e.g., chamfer rolling and cham-
fer hobbing) prohibitively costly. Instead, this process mills the 

chamfer with its desired characteristics along the gear edge con-
tour by synchronizing a fly cutter—generally a star-shaped body 
with four standard, replaceable inserts—with workpiece rotation. 
Since each edge of the tooth is done separately and the chamfer 
size and angle depend on machine movements, not tool design, 
the process is quite universal. With just a relatively few different 
standard inserted blade sets and base bodies, a single tool can be 
used for different modules, pressure angles and number of teeth. 
Size and chamfer angle can easily be programmed.

Chamfering Integration Made Easy
Naturally, all the aforementioned chamfering processes must be 
made available to gear manufacturers such that their impact on 
cycle times, tool cost per piece and the price of total ownership 
is so small as to be virtually inconsequential. Chamfering can be 
fully integrated with hobbing and power skiving machines and 
performed in parallel with these primary cutting processes. In 
cases where hobbing machines already exist and replacement is 
not desirable, chamfer design requirements can, of course, be 
met with standalone chamfering machines such as the Gleason 
280CD, which currently offers both chamfer hobbing and fly 
cutter chamfering. In every case, the approach has always been 
to make chamfering technologies as readily available and as easy 
to integrate as the cutting processes themselves. For example, 
for the latest requirements of EV transmission gears, pinions, 
and shafts, where cycle times and tool cost per piece are criti-
cally important, Gleason offers the new horizontal 100HCD 

Chamfer hobbing with low tool cost.
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hobbing machine. It performs radial chamfering in parallel with 
gear hobbing, thus not impacting chip-to-chip times. The new 
vertical Genesis 180HCD and 280HCD hobbing machines 
also feature chamfering in parallel with gear hobbing: chamfer 
hobbing on the 180HCD and the option for both chamfer hob-
bing and fly cutter chamfering on the 280HCD for workpieces 
with diameters up to 280 mm and module 5 mm. Note that 
these machines feature either an additional gantry loader or a 
4-station ring loader to link gear hobbing with chamfer cutting 
and external automation/storage.

Gleason Genesis 280HCD hobbing machine with integrated chamfer 
station for chamfer hobbing or fly cutter chamfering.

Finally, when any of these technologies cuts a chamfer, 
the quality engineer must ensure it’s in tolerance according 
to the part print. Measuring is mandatory. This process can 
be slow and laborious with conventional mechanical contour 
measurement machines. Today’s gear inspection technologies, 
like the Gleason GMS series of analytical gear measuring 
systems, can be equipped with integrated chamfer inspec-
tion software to speed and simplify the chamfer inspection 
process by providing a complete analysis of different chamfer 
sizes and angles, thus simplifying comparison with the work-
piece drawing. 

Summary
These latest solutions are available today to apply the right 
chamfer process to widely disparate applications such as auto-
motive-type gears and shafts, truck-size gears, or job shop 
applications. Most importantly, the total ownership cost for 
chamfering has never been lower, nor has the case for chamfer-
ing been more compelling.

gleason.com

Fly cutter chamfering for the highest flexibility—one tool for many different workpieces.
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Quality Controlled
German Gear Company installs first Klingelnberg P 152 
measuring center

Matthew Jaster, Senior Editor

A large internal gear in production at Zahnradfertigung OTT GmbH & Co. KG.
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Zahnradfertigung OTT GmbH & Co. 
KG was the first company to install the 
new fully automatic CNC-controlled 
P 152 precision measuring center 
from Klingelnberg in its ultra-modern 
machine park.

“With our broad spectrum, we must 
be extremely flexible. Especially in 
contract gear manufacturing, we sim-
ply must be able to measure every-
thing on our machines—from internal 
gears and cylindrical gears to worm 
wheels and worm shafts, as well as 
pinion-type cutters and special gears. 
Since we already have a Klingelnberg 
P 350 W Precision Measuring Center 
for wind power applications, com-
patibility was also important to us,” 
said Jens Haag, managing director 
Zahnradfertigung OTT. 

“The P 152 is also very compact and 
therefore an accurate measuring instru-
ment for its size. That also appealed to 
us. The positive experience we had with 
our P 350 W meant that there was no 
question of looking for another manu-
facturer. It is important to us that com-
ponents come from a single source—in 
this case Klingelnberg—to ensure seam-
less processes,” Haag added.

Entrepreneurial Spirit
Zahnradfertigung OTT, located in 
Bodelshausen, Germany, has evolved 
over the course of its company history 
from a contract gear manufacturer to 
a complete supplier of drive elements. 
Its international customers come from 
machine tools, large gearbox manufactur-
ers, wind power plants, special machine 
construction, mining, and wherever drive 
elements are required. 

Zahnradfertigung OTT manufactures 
drive elements and gear parts for a host 
of applications. The portfolio range is 
very broad: In the worm gear pair sec-
tor, it extends from standard and duplex 
geometry to OTT’s own patented high 
precision worm gears. Cylindrical gears 
from 100 mm to 3,700 mm in diameter 
are manufactured in the contract manu-
facturing area—everything from run-
ning gears and splines to special profiles. 
This is done using various manufactur-
ing processes, depending on the quality 
requirements. The company is also a 
supplier of complete gear components 
for transmissions. This includes turning 

and boring work in the diameter range 
from 500 mm to 3,500 mm. 

“We are an owner-managed family 
business that is now run by the third 
generation. Our customers value our 
modern production facilities, our reli-
ability, and our flexibility, which is 
geared very closely to the customer. Our 
defining factor, however, is the quality of 
our manufactured products,” Haag said.

Modern Challenges 
After coronavirus, the energy crisis, 
inflation, and now the threat of recession, 
Haag stated that the company is primar-
ily hoping for calmer waters again. 

“We are simply living in very turbulent 
times. As a supplier to gearbox manu-
facturers, we have also been facing com-
petitors from Asia and India for a few 
years now, most of whom have completely 

Figure 1—Inherently rigid design, energy-efficient, and highly flexible: The new P 152 precision 
measuring center now also applies proven principles for high-volume and mass production of 
smaller components to large components.
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different production options than we do 
in terms of price. This makes it all the 
more important for us to manufacture 
high-quality products, achieve fast and 
reliable delivery times and also offer proj-
ects and components that not everyone 
can produce. Standing out from the crowd 
in certain areas is important—by deliver-
ing on traditional German virtues such as 
inventiveness and innovation,” Haag said. 

“With the successor model to the 
P 150, we wanted to apply the principle 

of smaller measuring instruments to 
medium and large precision measuring 
centers: an inherently rigid construc-
tion that no longer requires a foundation. 
The challenge was to achieve the same 
accuracy. We did this by developing new 
correction procedures. The P 152 is a 
100 percent in-house development that 
incorporates all our Klingelnberg know-
how. And we are proud of the fact that 
we have succeeded in achieving all the 
technical goals we set for ourselves,” said 

Figure 2—Jens Haag, Managing Director Zahnradfertigung OTT GmbH & Co. KG (left), 
and Patrick Henes, Head of Quality Assurance, in front of the loaded P 152 precision 
measuring center.

Figure 3—Kai Bartel, Head of Product Line 
Precision Measuring Centers Klingelnberg 
(left), and Stefan Finkbeiner, Sales Director 
Klingelnberg, were delighted to present the 
P 152, the latest member of the Klingeln-
berg Precision Measuring Centers family 
(P-Series), at EMO. 

inspection
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Kai Bartel, head of product line precision 
measuring centers at Klingelnberg.”

Bartel further discussed the perfor-
mance features that characterize the 
P 152.

“Full software compatibility and 
high accuracy, and the various z-axes 
of 1,200 mm/1,500 mm and chuck-
ing lengths of up to 2 m. We have also 
improved operability and ergonomics. 
Thanks to its high efficiency, the pre-
cision measuring center is character-
ized by low power consumption during 
operation and a small footprint. With 
the P 152, we were able to create a mod-
ern measuring center with an efficient 
layout and a very harmonious appearance.”

Application Benefits
Internally, the new P 152 is thought to 
close the gap in the Klingelnberg mea-
suring center portfolio.  

“The fact the P 152 no longer requires 
a foundation significantly reduces the 
workload for our customers. In addi-
tion to lower costs, this also offers very 
flexible installation options,” said Stefan 
Finkbeiner, sales director at Klingelnberg.

The measuring center will be of par-
ticular interest to all gear manufactur-
ers who need to cover a wide range of 
components—from small to 1,520 mm 
component diameters and weighing up 
to 8 tons—as well as a wide variety of 
measuring tasks. 

“The P 152 enables measurements 
to be performed regarding dimen-
sions, geometry, position, tools, rough-
ness, worms, worm wheels, and much 

more. The P 152 is the ideal addition, 
especially for customers who have a 
machine park in the range of, for exam-
ple, the Höfler Rapid 800/1250/1600 
cylindrical gear grinding machine. This 
is because the maximum workpiece 
weight of eight tons is suitable for the 
parts that are manufactured on these 
machines,” said Finkbeiner. 

High Demand
Finkbeiner believes Klingelnberg has 
launched exactly the right product at the 
right time. The launch went extremely 
well and demand is currently very high. 

“The P 152 precisely meets the 
requirements of our customers, such as 
Zahnradfertigung OTT, with whom we 
have a long-standing, trusting, and open 
working relationship. Zahnradfertigung 
OTT has a very wide range of compo-
nents to deliver.”

“Our initial experiences with our 
new precision measuring center have 
been very positive. We have been able 
to significantly reduce measuring times 
compared to our Höfler EMZ 2602 
gear measuring machine, which has now 
been decommissioned. Various mea-
surements can now be carried out in a 
single clamping operation, including 
of course the gear geometry, shape, and 
position as well as the surface rough-
ness of the tooth flanks,” said Patrick 
Henes, head of quality assurance at 
Zahnradfertigung OTT.

Since Zahnradfer t igung OT T 
received the first delivered P 152, there 
were small suggestions for improvement 
here and there, which were quickly 
implemented by Klingelnberg. 

“Our wide range of parts in partic-
ular means that we have many indi-
vidual requirements in terms of how 
gears must be tested and evaluated. 
Klingelnberg always provided us with 
reliable and highly professional support 
to make various adjustments to the soft-
ware,” Henes said.

“It was an important pilot project for 
us too,” added Bartel. “So, we were very 
pleased with the positive feedback from 
Zahnradfertigung OTT—both during 
the acceptance process and afterward.”

klingelnberg.com

Figure 4—Klingelnberg Precision Measuring Centers (P-Series) handle most measuring tasks in 
a wide range of industries. For example, the P 350 W is designed for workpieces up to 3,800 mm 
in diameter and 20,000 kg in weight, making it ideal for components for wind power plants.
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Keeping Up
with the Latest Technology
Observations on robotics, machine tools and heat treating

Joe Arvin

In terms of technology, we certainly live in amazing times. 
Think about it: We live in a world where you can interact with 
artificial intelligence via your smartphone, which essentially 
possesses the collective knowledge base of humanity.

The advancement of technology reaches into every corner of 
our civilization, and this certainly applies to the manufacturing 
sector. Many new developments are taking place, and as I’ve 
said for decades, the key to remaining competitive in manufac-
turing is to embrace the latest technology and implement it to 
the best of your abilities.

You might be thinking, “That sounds great, Joe, but come 
on. I’ve got my hands full getting quality parts out the door for 
our customers. How am I supposed to keep up with everything 
that’s going on with technology? And what about the cost?”

This is certainly a challenge. Regarding the cost of invest-
ing in technology and its critical importance for future 
success, I suggest reviewing my Arvin’s Angle article in 
Gear Technology from February 2023, titled “Remaining 
Competitive—Don’t Let Technology Pass You By.” This 
presents a few insights about navigating the cost issues asso-
ciated with updating your technology.

Then there is the issue of keeping pace with technology. Since 
I have had the privilege of visiting numerous gear plants and 
research centers in the U.S., as well as 170 in 33 countries, and 
I closely watch the progression of technology, I wanted to share 
my observations about some technological advancements.

For the purpose of this article, I will focus on three key 
areas: Robotics, Machine Tools, and Heat Treating.

Robotics
Regarding robotics, we’ve all seen online videos of how robots 
are now taking human form, coupled with artificial intelligence, 
and even equipped with facial expressions. While this is hap-
pening, what about applications for manufacturing?

Robotics in the factory is nothing new, as this technology 
has been in place since the 1970s. Today, most people think 
robots are used in manufacturing for lifting heavy loads, per-
forming repetitive non-precision tasks, loading and unloading 
machine tools, and welding. However, the field of robotics has 
also been greatly impacted by technological advancements. 

Today, the application of robotics has expanded into areas such 
as hazardous environment tasks, police work, military, space 
exploration, caregiving, and even microsurgeries. With the 
rapid development of artificial intelligence, we will certainly 
see more advanced robots becoming available with better accu-
racy, agility and flexibility, making their integration into manu-
facturing a logical fit.

Not long ago, I met with Bryan d’Ouville, director of 
FANUC America’s Midwest Robotics Group in Hoffman 
Estates, IL. There, I had the opportunity to see some of these 
advanced capabilities firsthand. I strongly recommend finding 
time to visit.

Additionally, I have had several project-related discus-
sions with Matrix Design, an integration company located in 
Bartlett, IL.

To get the latest information on robots and their integra-
tion, I also spoke with individuals from both FANUC and 
Matrix to get their perspectives.

David Bruce, Manager of Engineering for 
FANUC America’s Vision Group
Q: What are some of the latest developments in robot-
ics technology?

Bruce: A key advancement is 3D vision guidance. With the 
assistance of 3D vision, robots are now used for assembly 
and part picking in warehouses. This allows for sorting and 
packaging. In the case of [FANUC’s] iRVision Robots with 
3D vision guidance, they can locate and retrieve parts that 
are not uniformly placed.

Furthermore, there are 3D Vision Systems that continually 
monitor a robot’s position, motion, and direction. If a person 
enters the robot’s work envelope, this safety vision system will 
stop or slow down the robot depending on the relative motion 
of the robot and the person. Robot vision also prevents colli-
sions with the workpiece or the machine tool itself.

3D vision is certainly an amazing enhancement, as people could 
not work around previous robotic systems due to obvious safety 
reasons. Bruce had additional comments.
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Bruce: Often, in vision-guided applications, a task will be 
split between two robots. One robot will pick a part using a 
rough-pick method and place it so that a second robot, also 
using vision, will pick the part more accurately for the next 
step in the process. Bin picking is a good example of this, 
where retrieving a part from a bin of piled-up parts can-
not be done very accurately. The second step is required to 
achieve the necessary accuracy for the next step. Sometimes, 
the same robot will do both steps, with the second snap 
done while the robot is still moving, which is referred to as 
“snap on the fly.”

Virgil Wilson, Staff Engineer at FANUC 
Robotics (Retired)
Q: What are some other capabilities of today’s robotic technology?

Wilson: FANUC’s line of CRX collaborative robot mod-
els (cobots) is equipped with a built-in force control feature. 
There is no need for an external force sensor, mounting hard-
ware or cabling. The integrated force control offers a wide 
range of ICON-based force control options suitable for mate-
rial removal and assembly tasks. The force control capabilities 
are advantageous for various applications, including assembly 
and material removal processes such as gear deburring.

From my time at the FANUC demonstration facility in 
Hoffman Estates, I saw that precise robotic inspection is also 
possible. The workpiece can be removed from the machine 
and placed on an inspection table. An advanced vision robot 
can precisely grasp the part and perform the inspection with 
preset gauging—and this is not just the simple use of go/no 
go gauges. The gauging results can be forwarded to the CNC 
machine for auto adjustments for control of size and length.

With the advancements of robotic capabilities comes the 
natural expansion of applications as robots become more capa-
ble and flexible. I also spoke with Patrick Bertsche of Matrix.

Patrick Bertsche, CEO of Matrix Design
Q: What are you seeing in terms of the applications of 
robots based on their advancing capabilities?

Bertsche: The types of applications in which robots can be 
used have changed considerably over the years. Many com-
panies are now thinking holistically about their processes 
and not just automating an isolated operation.

There have been several advancements in distributed control 
systems (DCS)—flexible zone controls, and being able to control 
robot speeds and receive reliable feedback via the robot controllers.

There are still a great number of industrial robots being used, 
with their reliability, robustness, and speed. These are very dif-
ferent from collaborative robots, but there is a place for both, and 
companies now have more choices when integrating robotics.

To see excerpts of my interviews with David Bruce and 
Patrick Bertsche on robotics, please visit our website at 
AGSLearningCenter.com.

I saw another interesting robotic application in an auto-
mated cell in Europe.

I observed auto inspection operations integrated into a com-
pletely automated machining cell utilizing five machine tools. 
Using vision, a robot removed forgings from a bin with parts 
positioned randomly. The part was loaded into the machining 
cell and came out the other end as a finished part. It was then 
auto-loaded into a shipping container for heat treatment or for 
shipping to the customer. These capabilities mean dramatic 
potential for increased productivity.

Machine Tools
Machine tools have continuously evolved, incorporating the 
latest technologies to enhance their capabilities. While avoid-
ing references to specific manufacturers, here are some notable 
advancements in the field.

One notable development is the introduction of an internal 
grinder designed to generate internal spur and helical gears 
with AGMA Class 14 quality. Unlike traditional methods that 
rely on form grinding and single indexing for internal gears, 
this machine utilizes a more advanced approach.

It employs a vitrified, dressable, multi-start threaded grind-
ing wheel to generate gear teeth through continuous motion. 
The cross-axis angle facilitates high tool speed at the tooth 
surface, improving efficiency and precision.

With tool spindle speeds reaching up to 15,000 rpm, this 
method achieves high metal removal rates, making generative 
internal gear grinding both productive and cost-effective, par-
ticularly for high-volume production.

Additionally, these machines feature the capability to make pro-
file angle adjustments during production. Full multi-axis control 
allows for precise adjustments to symmetrical and asymmetrical 
pressure angles (fHa), as well as involute crowning and tip relief.

For instance, a gear with a 1.22 normal module, 24-degree 
normal pressure angle (NPA), 92 teeth, 20-degree helix, 120 
mm reference diameter, and 25 mm face width would have a 
cycle time of just 183 seconds, including proportional dressing 
time. This impressive efficiency highlights the machine’s abil-
ity to meet demanding production requirements.

Several gear companies are now grinding the gear teeth on spur, 
spiral and hypoid gears from solid. This eliminates the need for 
standalone gear cutters, heads, blades and sharpening machines. 
While this is not a new method, it is becoming more common.

With the latest grinding wheel technology, cycle times for 
grinding from solid can be faster or equal to the cutting opera-
tion, depending on the gear’s diametral pitch.

A significant advantage of grinding teeth from solid is the 
elimination of stress induced during various cutting opera-
tions. This stress can be unpredictable and cause problems 
during heat treatment in the form of distortion as it is released. 

Several companies are using large CNC machining centers 
to cut the gear teeth on large bevel gears. With this method, 
quality is equivalent, but there is no need for single-purpose 
gear cutting machines.

Integrated Machining Operations
Several gear companies are performing turning, drilling, milling 
and hobbing gears or external splines in one machine tool. Typi-
cally, these operations are performed in a multi-axis CNC machine 
with dual chucks, live tooling, and in some cases, two turrets (upper 
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and lower). Depending on the part configuration, they could be 
ready for heat treatment with no other machining required.

One gear company was able to turn, drill, mill, hob, cut 
internal splines, and straight tooth bevel gears in one machine. 
They were also working on the ability to cut spiral bevel gear 
teeth in the same machine.

The takeaway is that the future of gear manufacturing will 
involve machine tools that can perform multiple operations in 
one machine. My advice is to keep an eye out for this capabil-
ity because of competition and profitability concerns.

Heat Treat
So we’ve talked about robotics and machine tools. What about 
heat treating?

A major concern with heat treating is related distortion. 
There are multiple causes of stress-related distortion from heat 
treating operations. These include the condition of the forging 
or bar stock, stress induced by stock removal operations, cut-
ting tool pressures, part racking during carburization, and dif-
ferences in cooling rates between thick and thin sections dur-
ing quenching. (Don’t get me started on the condition of the 
heat treating equipment.)

The Vacuum Process
It appears that vacuum processes for carburizing, hardening, and 
quenching are becoming more standard in the industry. As with 
grinding from solid, vacuum technology is not new, but it is becom-
ing more common. One of the key benefits of vacuum carburizing 
is improved gas flow, which yields a more uniform depth of case. 

Additionally, using vacuum for quenching eliminates 
the need for washing parts to remove quench oil. This also 
addresses EPA concerns and costs related to disposing of con-
taminated oil and parts washing fluids. Furthermore, vacuum 
use eliminates safety concerns and costs from quench oil fires 
and can potentially reduce insurance costs.

There is also new advanced gas quenching technology that 
can be paired with vacuum heat treatment that eliminates the 
need for most die press quenching operations. This technique 
achieves a more uniform cooling rate as it quenches one piece 
at a time. The quenching nozzles have varying gas flow volumes 
directed at the desired thick and thin sections while the part is 
rotated, yielding a uniform cooling rate across all geometric fea-
tures. As a result, in many cases, it is unnecessary to leave excess 
material on sections of the part to manage distortion. This 
technology is flexible such that it can quench parts in-line after 
single-piece flow furnaces, either vacuum or atmospheric.

Conclusion
In conclusion, I am amazed to compare the advances in manu-
facturing technology over my career in the gear business. With 
the emergence of additive manufacturing and artificial intel-
ligence, we need to hold onto our hats for the next wave.

Finally, I would like to thank those at FANUC and Matrix 
for their contributions to this article. Be sure to watch my 
interviews with them on AGSLearningCenter.com for addi-
tional information.

A Final Word
If you have any questions or comments, I would 
look forward to hearing from you.  Also, if you 
missed any of my previous articles, below is a list 
of them by issue number and page. They are also 
available on the Gear Technology website. If you’d 
like for me to send you a copy, please send me an 
email or just give me a call.

Business Development for the New Year
Jan/Feb 2017—Page 50

It doesn’t matter how efficient your plant is!
What matters is the accuracy of your quote?
Mar/April 2017—Page 54

Can Lean Manufacturing Kill Your Job Shop?
A Tale of Two Companies
May 2017—Page 42

You Cannot Rely on Labor Efficiency 
Reporting!
July 2017—Page 48

The Valued Troublesome Employee
To Terminate or Not To Terminate
September/October 2017—Page 22

Strategies for Building Your Business
November/December 2017—Page 54

Solutions for Your Process Engineer Shortage
January/February 2018—Page 48

Training - A Top Priority for Investment
January/February 2020—Page 46

That Industry 4.0 Digital Factory Thing - Part 1
August 2020—Page 24

That Industry 4.0 Digital Factory Thing - Part 2
September/October 2020—Page 34

That Industry 4.0 Digital Factory Thing - Part 3
January/February 2021—Page 46

Surviving the Labor Shortage
January/February 2022—Page 40

Relationship Building — The Critical 
Component of Success
March/April 2022—Page 42

Changing Company Culture – Meeting Goals to 
Achieve Improvement
June 2022—Page 44

Remaining Competitive – Don’t Let Technology 
Pass You By
January/February 2023—Page 40
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Notes Toward Emerging Technology

Update: AGMA Emerging 
Technology Committees
Mary Ellen Doran, AGMA Vice President, Emerging Technology

2024 Committee 
Highlights

3D Printing Committee
Dr. Aaron Isaacson, managing director 
of the Gear Research Institute at Penn 
State University, recently presented at a 
committee meeting. He shared insights 
into their groundbreaking work on 
3D-printed gears and repairs using laser-
directed energy deposition technology. 
Topics included testing with Ferrium 
C-64, bending fatigue characterization, 
contact fatigue, and scuffing. Collabora-
tive efforts with Talens Systems/Iker-
gune were also discussed, focusing on 
refining bending fatigue methodologies 
for additively manufactured gears. Iker-
gune has been invited to share their find-
ings during our February 2025 webinar.

Looking ahead, the committee will 
plan visits during the RAPID curated 
tour on April 9, 2025, in Detroit, 
co-located with SME’s AERODEF 
Aerospace  and  Defense  S how. 
Discussions include expanding this 
experience for AGMA members.

Electric Vehicle Technology 
(EVT) Committee
The EVT Committee recently hosted a 
Q&A with United Protective Technologies 
(UPT) about their nanocomposite coatings, 
which UPT later presented at the AGMA 
Fall Technical Meeting (FTM) in October. 
These developments, along with Novem-
ber’s emerging tech webinar (available on-
demand), reflect significant progress in EV 
standards. The Technical Division Execu-
tive Committee (TDEC) encourages par-
ticipation in drafting an electric vehicle 
information sheet, an important step for 
members in the EV sector.

Robotics Committee
Progress continues on the Robotics 
Committee’s white paper, led by Jacques 
Lemire. Jacques attended the Robo Busi-
ness Conference in California and the 
IEEE Humanoid Conference in France, 
gathering key insights on humanoid 
robots and their gear/gearbox applica-
tions. A panel discussion about the white 
paper is planned for March 2025.

Looking Ahead to 
2025

Exciting initiatives are on the horizon:
•	The AGMA Fall Technical Meeting 

(FTM) has expanded its Call for 
Papers (CFP) to include emerging 
technologies—abstracts are due by 
January 17.

•	 AGMA is preparing 3D printing case 
studies for the Strategic Networking 
and Leadership (SNL) Event in June, 
showcasing member innovations in 
jigs, fixtures, and prototyping.

•	 Plans are underway for potential 
partnerships with AMT and NTMA 
for a joint technology conference 
early in 2025.

•	 Emerging tech education opportuni-
ties may debut at the Motion + Power 
Technology Expo on October 21–23 
in Detroit.

Upcoming Webinars
Mark your calendars for these 2025 
webinars, held at 1:00 p.m. Eastern on 
the first Wednesday of each month:
•	 January 8: LIFT discusses efforts to 

advance materials, manufacturing pro-
cesses, and workforce development.

•	 February 5: The latest research on 
3D-printed metal gears.

•	 March 5: A Robotics Committee-led 
panel discussion on humanoid robotics.

Let’s start 2025 strong! For questions 
or more information, reach out to me at 
doran@agma.org.

Before diving into the latest committee developments, I want to remind everyone about the 2023 Emerging Technology Webinar 
Series, available on-demand until December 31. (Don’t miss this valuable resource before it’s removed to make room for our 2025 
webinar series.) These twelve one-hour sessions span topics like AI and robotics implementation, ultrafine surface finishing for gear 
teeth, and digitalization for productivity gains. A big thank you to our expert presenters from How to Robot, Notoros, Klingelnberg, 
3DEO, Visionify, Skuld, Fortify, Lumafield, Kapp, Liebherr, Mantle3D, and KnowBe4—we truly appreciate your contributions.

AGMA’s Inaugural Emerging Technology Event at LIFT in Detroit this past June.
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align with match ISO standards. This document was last 
revised in 2011 and reaffirmed in 2020.

•	New project: ABMA Wind Turbine Bearing Failure 
Atlas. This new project committee was formed to 
update and add to a 2006 National Renewable Energy 
Laboratory document regarding bearing failures, spe-
cif ically focusing on bearings in the various parts of a 
land-based wind turbine. The committee is reviewing 
and updating the information, separating the failures 
by their location in the wind turbine, and considering 
adding new failure cases. Failure modes are identif ied, 
and potential causes are discussed along with possible 
mitigation strategies. This document is intended to be 
used by maintenance or service personnel, repair tech-
nicians, and wind turbine owners to help communicate 
with bearing manufacturers and wind turbine compo-
nent manufacturers.
If you have any questions about any of these projects, please 

contact info@americanbearings.org to learn more. To have a bal-
ance of opinions on the committee, we are especially looking 
for companies that purchase bearings but do not manufacture 
bearings and individuals or organizations that neither purchase 
nor manufacture bearings but have knowledge and interest in 
bearings, such as consultants and academics, to join.

ABMA Update
Todd Praneis, AGMA Vice President, Technical Division

You may or may not know that AGMA manages the Ameri-
can Bearing Manufacturers Association, ABMA, similarly to 
AGMA. Because gears and bearings go together like “peas and 
carrots!” to borrow a phrase from one of my favorite movies. I 
thought that the GT audience would like an update on what is 
going on in the technical division of ABMA.

ABMA has one technical committee, the Accredited 
Standards Committee (ASC) B3, to handle all the standards 
development. They maintain 27 ABMA standards, 16 adopted 
ISO standards, and help form the US position through ISO 
Technical Advisory Group (TAG) work on 84 ISO standards 
related to bearings under ISO Technical Committee 4.

The current projects that the committee is working on are:
•	Revision project: ANSI/ABMA 4-1994, Tolerance 

Definitions and Gauging Practices for Ball and Roller Bearings. 
This is a front-to-back revision, clarifying and improv-
ing the specifications and information presented as well as 
updating symbols and definitions to better align with ISO 
standards The document had been in stabilized mainte-
nance since 2013.

•	Revision project: ANSI/ABMA 20-2011, Radial Bearings 
of Ball, Cylindrical Roller and Spherical Roller Types—Metric 
Design. This is a front-to-back revision, updating the style 
of the document, clarifying and expanding the included 
size range, and updating symbols and definitions to better 

AGMA Technical Committee Updatetech talk
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Gear Specimens
Table 1 below summarizes the mac-
rogeometric characteristics of the test 
gear teeth. It should be noted that this is 
the most studied gear geometry in the 
literature on gear contact fatigue using 
this type of test rig.

Table 1—Characteristics of the test gear.

Nominal gear 
geometry

Pinion Gear 
wheel

Normal module (mm) 4.5

Normal pressure angle 
(degrees)

20

Number of teeth 16 24

Profile shift coefficient +0.1817 +0.1715

Reference profile ISO 
53:1998 
Profile A

ISO 
53:1998 
Profile A

Tip diameter (mm) 82.4 118.3

Accuracy grade (ISO 
1328)

5 5

Facewidth (mm) 18 14

Centre distance (mm) 91.5

Gear ratio 1.5

Experimental and Analytical 
Study of the Effect of 
Shot Peening on Gear 
Micropitting and Contact 
Fatigue Failure
Dr.-Ing. Dalia Jbily, Dr.-Ing. Luc Amar and Dr.-Ing. André Simonneau

Micropitting damage is one of the failure 
modes commonly observed on case-hard-
ened gears and is caused by cyclic stresses 
and plastic flow on the asperity scale (Ref. 
1). The micropitting degrades progres-
sively the geometries of the contact sur-
faces which can result in the fatigue fail-
ure in the form of macropitting (Ref. 2).

Shot peening is a cold working pro-
cess in which the surface of a part is 
bombarded with small spherical media 
called shot. Each shot striking the mate-
rial acts as a tiny peening hammer, 
imparting to the surface a small inden-
tation or dimple which results in a thin 
layer of high-magnitude residual com-
pressive stress at the surface (Ref. 3). 

The shot peening is not a substitute 
for heat treatment, but an additional 
and useful process to increase fatigue 
life. Various investigations were per-
formed in several research projects 
about the influence of shot peening on 
the load-carrying capacity of gears. It 
was found that shot peening increases 
the bending fatigue strength as well as 
the pitting load-carrying capacity (Refs. 
4–8). The literature provides informa-
tion on the micropitting phenomenon: 
description, morphology, appearance, 
etc., but it gives very little information 
on the relationship between shot peen-
ing and the appearance of micropitting. 
Nevertheless, what is clear is the impor-
tant role played by surface roughness.

The shot peening process often leads 
to increased surface roughness values, 
so combining shot peening and super-
finishing increases the load-carrying 

capacity of gears against micropit-
ting and macropitting (Refs. 9, 10). 
Superfinishing involves an additional 
cost and sometimes it is not an econom-
ical solution for the industries.

A previous study (Ref. 11) aims to 
use shot peening to increase the resis-
tance to micropitting by optimizing the 
surface topography without operation 
post shot peening. This study allowed 
the identification of a particular type of 
shot peening (conventional shot peen-
ing) leading to surface topography and 
roughness parameters optimization 
resulting in a delay of the micropitting 
apparition. However, this solution has 
been validated on rollers and through 
fatigue tests on a twin disc bench.

This study aims to investigate the 
effect of this identified type of shot 
peening on the micropitting resistance 
of the gear tooth flanks and the mac-
ropitting resistance and to compare the 
experimental results with the calcula-
tion results based on standard methods 
(ISO/TS 6336-22:2018 [Ref. 12] for 
micropitting and ISO 6336: 2019 [Ref. 
13] and AGMA 2101-D04 [Ref. 14] 
for pitting).

Experimental Study
To study the sensitivity of gear surfaces 
to micropitting, contact fatigue tests 
were carried out on the back-to-back test 
rig (Figure 1) developed by Design Unit. 
This is a gear test rig in an initially closed 
mechanical loop. This test rig allows two 
identical gears to be tested simultane-
ously under the same loading conditions.

Figure 1—Back-to-back test rig (91.5 mm 
center distance).
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Microgeometric modifications (pro-
file and flank line modifications) are 
introduced at the teeth of the studied 
gear to get as close as possible to the 
definition conditions of industrial gears. 
Table  2  below summar izes  the 
microgeometric characteristics of the 
gear teeth used in the tests.

It should be noted that the geometric 
and loading data are based on the two 
reference documents which describe 
tests to be conducted on an FZG type 
test rig (Refs. 16, 17).

The table below includes the main 
operation data of the gear.

Materials and Surface Finishing
A summary of the specimens used in this 
study, their manufacturing process and 
surface treatments are described below:
•	Reference gear (REF): Case-

hardened + quenched; the specimens 
are cut and then heat treated. After 
heat treatment, the gears are ground 
to remove any irregularities that may 
have occurred during heat treatment.

•	 Shot peened gear (SP): Case-
hardened + quenched + shot peened; 
the specimens were first cut and 
ground. The tooth surfaces were then 
shot peened to create compressive 
residual stresses across the surface.

Microgeometric 
corrections Pinion Gear 

wheel

Flank line 
crowning Cb μm 35 0

Tip relief value Ca μm 50 50

Type of Tip relief - - arc-like arc-like

Tip relief 
application 
diameter

dCa mm 79.268 115.448

Table 2—Microgeometric tooth modifications.

Operation

Lubrication type Oil injection lubrication

Designation Mobilgear 600 XP 150

Viscosity at 40°C 150 cSt

Viscosity at 100°C 14.7 cSt

Lubricant temperature 80°C

Load stage 
micropitting test

10

Table 3—Operation data.

The mechanical characteristics of materials are as follows.

Materials Symbol Unit Steel

Material type - - Case hardening steel

Surface hardening heat 
treatment

- - Case hardened, quenched, shot 
peened

Material - - 18CrNiMo7-6

Surface hardness - HV 750

Core hardness - HB 325

Tensile strength Rm MPa 1,200

Yield strength Re MPa 850

Young’s modulus of elasticity E MPa 206,000

Poisson’s ratio o - 0.3

Quality grade ISO 6336-5 - - MQ

Allowable bending stress number 
(durability)

vFlim MPa 430

Allowable contact stress number 
(durability)

vHlim MPa 1,500

Quality grade AGMA 2001 - - 2

Allowable bending stress number 
(durability) sat

Lbf/in² 65,000

MPa 448

Allowable contact stress number 
(durability) sac

Lbf/in² 225,000

MPa 1,551

Hardening depth CHDmax mm 1

CHDmin mm 0.8

Table 4—Mechanical characteristics of material.

Figure 2—Comparison of the residual stresses in the unpeened (REF), and shot-peened (SP) 
condition.
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Figure 3—Roughness comparison.

Shot Peening
The gears were shot peened using a noz-
zle device. The shot peening conditions 
are as follows: G2: UFS100, Pressure 6 
bars, 200 percent, angle 30 degrees (sin-
gle shot—200 percent coverage).

The measurement of residual stresses 
in test specimens was carried out using 
an X-ray diffractometer.

Figure 2 shows that shot peen-
ing increases the residual stresses in 
the surface layer to a depth of about 
40µm. The residual stress profile of 
the nonpeened teeth shows a very 
high stress gradient on the surface 
(-600MPa to -250MPa over a depth 
of 10µm) characteristic of the grind-
ing operation. 

The surface roughness of the flanks 
of the test gear teeth was measured 
before testing. The measurements 
were made on 3 teeth of each gear 

and on the two flanks of each tooth. 
The roughness was characterized by 
white light interferometry using a 
Bruker noncontact 3D surface rough-
ness machine. The measurement results 
show that Rsk and Rku have the same 
orders of magnitude while Ra, Rq, Pc 
and Rz have lower values on the shot-
peened gears (see Figure 3).

We have to remember that Rku 
describes the peaks shape, and Rsk the 
presence of peaks or valleys. Based on the 
diagram in Figure 4, the configuration 
Rku < 3 and Rsk < 0 gives logically a sur-
face topography that is unfavorable to the 
appearance of micropitting. Pc is the mean 
height of the primary profile element.

Test Results
All pinion and wheel teeth are num-
bered to allow clear identification of 
damage locations. The test cycle includes 
stop phases to follow the evolution of 
the degradation of the active flanks. At 
each stop, photos of the flanks are taken. 
The criteria to finish the test is general-
ized macropitting damage of the active 
flanks. Photographs of the gear tooth 
flanks are taken, showing the initial state 
and after the different loading cycles, 
enabling observation of the evolution of 
the damage on the flanks. An example of 
the results is shown in Figure 5.

For all the tests carried out on the 
shot-peened gears (SP) and the non-
peened (REF), the micropitting damage 
on the flanks is initiated in the deden-
dum zone where the sliding conditions 
are the most severe.

The observation of the images of the 
surfaces thus obtained makes it possible 
to highlight the following points: 
•	 The micropitting started in the 

dedendum zone below the pitch diam-
eter of the reference flanks (unpeened) 
and shot peened (SP) flanks after the 
same test time or earlier. The micro-
pitting covers a large part of the tooth 
dedendum on shot-peened flanks.

•	The presence of micropitting around 
the pitch line of the pinion is also 
noted, which may have been caused 
by stress concentration in this area. 
The occurrence of micropitting is not 
usual in this area, it is often observed 
in the tooth dedendum. Similar 
results have already been obtained 
in other research from the literature 
(Ref. 17).

Figure 4—Definition of roughness profile 
parameters: Kurtosis (Rku) and Skewness 
(Rsk).
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•	 For comparable test durations, the 
micropitting area on the shot-peened 
f lanks (SP) is greater than that on the 
nonpeened f lanks (REF).

•	A difference in the evolution of the 
micropitting on teeth between REF 
and SP flanks. Micropitting on REF 
flanks is progressive.

The tests carried out on gears were 
conducted until the appearance of 
Macropitting/spalling on the teeth flanks.

The appearance of spalling on the 
REF gears was observed after about 
8.85×106 cycles of loading (66 hours on 
average) whereas on the SP gears, macro-
pitting was observed on the pinion after 
about 28.2×106 (209 hours), the test was 
conducted up to 32.26×106 (239 hours) 
but no widespread macropitting / spall-
ing on the flanks was observed.

Analytical Study
Several international standards have been 
developed to guide the design of gears to 
ensure sufficient load capacity to prevent 
their failure. These methods are developed 
by many international and national com-
mittees such as ISO, AGMA, and DIN, 
to guide the different aspects of gear 

design. In this section, we present a brief 
review of standard methods for calculat-
ing the load capacity of gears concerning 
macropitting and micropitting, then the 
calculation results based on these meth-
ods are presented and compared with the 
experimental results presented previously. 
This calculation is performed using the 
KISSsoft 2022 software package.

Review of Gear Load-
Capacity Calculations

Calculation of Micropitting 
Load Capacity
The ISO/TS 6336-22:2018 calculation 
method of the micropitting load capac-
ity is based on the principle that micro-
pitting occurs when the minimum spe-
cific lubricant film thickness of a gear is 
below a permissible value for the spe-
cific film thickness. So, the safety factor 
against micropitting is defined as the ratio 
between the minimum specific film thick-
ness of the lubricant and the permissible 
specific film thickness of the lubricant.
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min, ,minGF GF Ym m= ^ h  
the minimum specific lubricant 
film thickness in the contact area

,GF Ym 	 the local specific lubricant film 
thickness

GFPm 	 the permissible specific lubricant 
film thickness

S ,minm 	 minimum required safety factor
ISO/TS 6336-22 does not give 

advice on a minimum safety factor that 
should be applied to avoid the risk of 
micropitting. Instead, it provides guid-
ance for the selection of its value 
depending on the qualitative reliability 
of the assumptions on which the calcu-
lations are based and according to the 
reliability requirements. A recommen-
dation for a reasonable minimum 
safety factor against micropitting, Sm, is 
proposed in (Ref. 18) as shown in 
Figure 7.

Figure 7—Micropitting safety factor accord-
ing to Ref. 18.
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Figure 5—Evolution of the surface condition of the 
REF flanks and SP flanks.
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Figure 6—Evolution of micropitting to macropit-
ting/spalling.
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The technical specification defines two methods Method A and Method B to determine the local specific lubricant film thickness. In method 
A, the local specific lubricant film thickness can be determined in the complete contact area by any appropriate gear computing program. 
Method B is a simplified method based on the assumption that the determinant local specific lubricant film thickness occurs on the tooth flank 
in the area of negative sliding. The calculation of the local specific lubricant film thickness is limited to certain points on the path of contact. 

The local specific thickness of the lubricant film is defined by ISO 6336-22: 2018 as the ratio between the thickness (hY) of the 
lubricant film and the average roughness of the surfaces in contact.

, .R
h
R R R0 5

a

Y
a a a1 2)m= = +^ h

(2)

Where: 
hY		 is the local thickness of the lubricant film
Ra		 is the arithmetic mean effective roughness value
Ra1		 is the arithmetic mean roughness of the pinion
Ra2		  is the arithmetic mean roughness of the wheel

The local lubricant film thickness, hY, is calculated according to Dowson/Higginson
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Where: 
tn,Y	  	 is the normal radius of relative curvature at point Y 
GM	  	 is the material parameter 
UY	  	 is the local velocity parameter 
WY 			  is the local load parameter 
SGF,Y 		 is the local sliding parameter

The standard defines two methods to 
determine the permissible specific lubri-
cant film thickness, mGFP.
•	 Method A is the more accurate, which 

is based on experimental investigations 
or service experience relating to micro-
pitting on real gears are used. For this 
method, the test gears need to have the 
same design as the actual gear pair, and 
by extension, the gear manufacturing, 
gear accuracy, operating conditions, 
lubricant and operating temperature 
must be appropriate for the actual gear-
box. As a result, this method causes 
high costs. So, the cost required for this 
method is in general only justifiable 
for the development of new products 
as well as for gear pairs where failure 
would have serious consequences

•	 Method B, the permissible specific 
lubricant film thickness, mGFP, is cal-
culated from the critical specific lubri-
cant film thickness, mGFT, which is the 
result of any standardized test method 
applicable to evaluate the micropitting 
load capacity of lubricants or materials 
utilizing defined test gears operated 
under specified test conditions.

Calculation of Macropitting 
Load Capacity
Currently, the most popular standards are 
ISO 6336:2019 and AGMA 2101-D04, 
these international methods allow the 
load capacity of metal gears to be verified 
by considering the two commonly used 
sizing criteria:

Field Dimensioning criterion Associated risk

Durability

Fatigue tooth bending Tooth fracture under cyclic stress gradual 
cracking (fracture at tooth root)

Fatigue surface contact pressure Cyclic stress gradual damage of tooth 
flank (pitting)

Table 5—Dimensioning criterion.

Generally, these international methods are based on the comparison of applied 
stresses with allowable stresses.

This calculation is performed using the KISSsoft 2022 software package.
AGMA and ISO design procedures are similar, with minor variations, and contain 

correction factors obtained from experiments and experience, which consider various 
uncertainties. These methods consider geometric design, material and heat treatment, 
manufacturing, and operating conditions.

The gear contact stress calculation is based on the Hertz theory, the formulas of 
maximum contact stress and the permissible contact stress for the two standards are 
presented below: 

ISO 6336-2 2019 AGMA 2101-D04

Nominal contact stress (theoretical value)
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Contact stress (nominal contact stress modified)
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Table 6—Contact stress formulas.
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Where:
vH0			   is the nominal contact stress
vH			   is the calculated contact stress 
Ft			   is the nominal tangential load
u			  is transmission ratio
ZH 			  is zone factor
ZE			  is elasticity factor
Zf 			  is contact ratio factor
Zb			  is helix angle factor 
Cp			   is elastic coefficient 
dw1			   is operating pitch diameter of 

pinion
ZI			   is geometry factor for 

pitting resistance, ZI plays 
somewhat the same role as 
the combination of the terms: 
(u+1)/u, Zf, Zb of ISO 

d1			   is pitch diameter of pinion
b		 	 is the facewidth
ZR	 		 is surface condition factor is 

supposed to take into account 
the surface condition, the residual 
stress state and the plasticity 
effects. At the moment there is no 
development and ZR =1.

To consider loading fluctuations due 
to the set-up, the driving and driven 
elements, the behaviour of the gear pair, 
the standards add K factors, to trans-
form nominal contact stress in contact 
stress applied on the tooth flank:
KA			   (ISO) is the application factor
KV			  (ISO & AGMA) is the gear 

internal dynamic factor
KHb			  (ISO) is the face load factor for 

contact stress
KHa			  (ISO) is the transverse load 

factor for contact stress
Ko			  (AGMA) is overload factor
Ks			  (AGMA) is size factor 
Km			  (AGMA) is load distribution 

factor 
vHP			  is the permissible contact stress
vHlim			 (ISO), Sac (AGMA is the 

allowable contact stress number 
which determines the stress 
level that can be accepted by 
the material and its associated 
heat treatment. It is based 
on a Wöhler fatigue curve 
determined experimentally.

In this study, according to ISO, 
the allowable stress number vHlim was 
obtained from ISO 6336-5. It is derived 
from the contact pressure that may be 
sustained for 50×106 load cycles (for 
case-hardened steel) without the occur-
rence of pitting for a one percent proba-
bility of damage (99 percent reliability). 
The AGMA method defines the allow-
able contact stress value Sac for 107 load 
cycles with also 99 percent reliability.

SHmin is the minimum safety factor 
which is to be agreed on between the 
designer and customer. To consider the 

condition of the material in relation 
to the experimentally established data 
in a different environment the ISO & 
AGMA methods also introduce correc-
tive factors.
ZNT			  is the life factor
ZL			  is the lubricant factor
ZR			  is the roughness factor
ZV			  is the velocity factor
ZW			  is the work hardening factor
ZX			  is the size factor for contact 

stress
ZN			  is stress cycle factor
KT			  is temperature factor 
KR			  is reliability factor which allows 

the calculation of the gears for 
reliability levels other than one 
failure in 100 at 107 cycles

SH			  is safety factor for pitting
The contact stress vH should be less 

than the permissible contact stress for 
preventing failure. The safety factor 
against pitting is defined as the ratio 
between the permissible contact stress 
and the contact stress.

The AGMA standard includes the 
effect of surface condition, but it does 
not provide instructions or guidance for 
defining its value.

Analytical Results
The contact pressure stresses of the gear 
pair teeth and the specific lubricant film 
thickness are determined, using KISSsoft, 
at nominal torque (372.6 Nm) on the 
pinion and a speed of 2,250 rpm. 

Micropitting
The specific sliding (Figure 8) at the root 
of the pinion teeth is high (3.75) and 
exceeds the value generally recom-
mended according to the rules of art (3 
in absolute value).

Figure 8—Specific sliding along tooth profile.

As shown in Figure 9, the maximum 
contact stresses occur in the pinion 
flank dedendum between the single 
contact point B and the pitch point C, 
when it meshes with the wheel adden-
dum. The contact stress results reveal 
that micropitting can start in the pinion 
flank dedendum between point B and 
point C as this area is subject to a high 
level of contact pressure stresses.

Figure 10 shows the variation of 
the lubricant film thickness along the 
tooth flank in a meshing cycle; this local 
thickness is derived from the Dowson 
and Higginson equation adopted by 
ISO/TS 6336-22.

As shown in Figure 11, the specific 
thickness of the lubricant film varies 
along the tooth flank during mesh-
ing, and the maximum film thickness 
occurs at the pitch point C due to pure 
rolling. The area between the start 
of the meshing A at the root of the 
pinion and the single contact point B 
presents the greatest risk of micropit-
ting due to the lower lubricant film 
thicknesses accompanied by high-pres-
sure contact stresses (Figure 9) com-
pared to the other contact points along 
the line of action.

Figure 9—Distribution of 2D and 3D contact 
pressures.
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The results obtained in terms of the 
specific lubricating film thickness m 
highlight the following points:
•	The unpeened (REF) and shot 

peened (SP) gears operated in a 
boundary lubrication regime (m < 1). 
In this regime, the lubricating film 
is present in the valleys and the sur-
face roughness peaks are in direct 
contact, which causes the plastic 
deformation due to the very thin 
film over the whole contact area, 
thus micropitting (and wear) is likely 
to occur in the tooth addendum and 
dedendum areas.

•	 It can also be seen that the shot-
peened gears have a higher m (Figure 

11), as they have lower Ra values 
than the unpeened gears.
Figure 12 and Figure 15 show the 

safety of the gears against the micro-
pitting according to ISO/TS 6336-22. 
The safety of the REF gear is lower 
than that of the SP gear because it 
has a lower local specific lubricant 
film thickness.

Figure 12—Micropitting safety on the path 
of contact of gears according to ISO 6336-
22:2018.

Pinion without shot peening (REF)

Pinion with shot peening (SP)

Figure 13—Safety against micropitting on 
the tooth.

Therefore, from the experimental tests 
conducted in this study, the ISO results of 
the specific lubricant film thickness pro-
vide a good correlation with the occur-
rence of micropitting on the tooth flanks, 
an example of the occurrence of micropit-
ting on test gears is shown in Figure 14.

Macropitting
The theoretical lifetime of the gear is cal-
culated according to both methods ISO 
6336-2 and AGMA by calculating the 
number of cycles which leads to safety 
factor of 1. 

Pinion without shot peening (REF)

Pinion with shot peening (SP)

Figure 14—Appearance of micropitting on 
test gears after 67,500 cycles.

Figure 10—2D and 3D lubricant film thick-
ness according to ISO 6336-22.

Figure 11—Comparison of specific lubricant 
film thickness.
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The gear lifetimes obtained are pre-
sented below. The SHmin and SH are con-
sidered equal to one.

It should be noted that for all the 
tests carried out on the REF gears 
(unpeened) and shot peened (SP), 
no bending fracture at the tooth root 
was observed.

According to the ISO standard, the 
number of load cycles for the one per-
cent probability of appearance of the 
first pitting on the pinion is 1.58 × 106 
cycles (11.7 hours) and that for a gen-
eralized pitting is 10.12 × 106 cycles (75 
hours). This correlates with the experi-
mental results observed on case-hard-
ened gears after 8.8 × 106 load cycles. 
The number of pitting cycles for the 
different tests is plotted on the Wöhler 
curves at the corresponding contact 
pressure corresponding to the nominal 
operating torque as shown in Figure 15.

However, when comparing the lifetime 
calculated according to the standards 
with that obtained experimentally on the 

shot-peened gears, macropitting occurred 
after 27.56 × 106 cycles. The service life 
has increased by approximately 60 per-
cent. This improvement can be explained 
by the increase of residual compressive 
stresses into the surface layer after the 
shot peening treatment. 

The ISO standard considers the 
effect of shot peening on the improve-
ment of the bending strength at the 
tooth root of carburized case-hardened 
gears. The benefit values attributed to 
shot peening are:

ML — 0 %

MQ — 10 %

ME — 5 %
But this standard does not consider 

this positive effect of the increase of 
the residual compressive surface stresses 
via the application of shot peening on 
the resistance to macropitting, which 
makes the gears load capacity calcula-
tions conservative.

Conclusion
The shot peening of ground flanks gears 
led to higher residual surface stresses com-
pared to un peened ground gears flanks. 
The testing results show that micropit-
ting occurs on the shot peened (SP) and 
unpeened gears (REF) after approxi-
mately the same running time, although 
the roughness parameters have lower 
values on shot peened gears. The micro-
pitting area on the shot peened flanks is 
greater than that on the unpeened flanks 
for the same test durations.

The analytical results show that the 
gears have a specific lubricant film 
thickness m lower than 1, which is con-
sistent with the fact that all surface con-
ditions (shot peened and unpeened) led 
to the occurrence of micropitting. A 
good correlation is obtained between 
the experimental and analytical results 
in terms of the occurrence of micropit-
ting in the dedendum area of gear teeth.

High safety factors according to 
ISO 6336-22 (>2) do not indicate 

Figure 15—Wöhler curves comparison of pitting cycles.

Tooth flank service life (hours)
ISO 6336 AGMA 2101

Pinion Wheel Pinion Wheel

with unallowed pitting 11.7 42.8 0.28 0.42

with allowed pitting 75 370 - -

Table 7—Tooth flank lifetimes calculation.
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the absence of micropitting as dem-
onstrated by the test results. These 
observations agree with those made by 
Olson et al. (Ref. 19).

Shot peening did not delay the 
appearance  o f  mic rop i t t ing  on 
gears but its evolution to macropit-
ting/spalling. The shot peening has 
increased the life of the gear against 
pitting by more than 50 percent. This 
improvement introduced by residual 
surface stresses due to shot peening is 
not considered in the current standard 
calculation methods.

Further studies will be conducted to 
better understand the results obtained 
by analysis of the damage mechanisms 
and friction tests to measure the fric-
tion coefficient. These tests will allow 
us to find correlations between the 
friction coefficient and the surface 
condition after shot peening and they 
could enable us to optimize the shot 
peening parameters to improve the 
surface condition.
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An Experimental Study on 
the NVH Performance of 
Plastic Gears
Damijan Zorko, Rok Kalister, Borut Černe

High-performance plastic gears are increasingly replacing metal 
gears in a multitude of applications due to their many advan-
tages. The most important of these are lower weight, substan-
tially reduced lubrication requirements, more cost-effective 
mass production, significantly better NVH (noise, vibration 
and harshness) behavior, and chemical resistance. Most plastic 
gears are produced by injection molding, which enables great 
design flexibility, e.g., joining several machine elements into one 
molded part, while gear geometry modifications like enlarged 
root rounding or altered profile shapes are possible (Ref. 1).

Plastic gears naturally exhibit also some disadvantages com-
pared to metal gears. The most notable ones are lower load-bear-
ing capacity, poorer thermal conductivity, mechanical susceptibil-
ity to temperature changes, and lower acheivable manufacturing 
precision. The load-bearing capacity is the most important prop-
erty; several studies have explored ways to improve it, either with 
a special gear design (Ref. 2) or enhanced materials (Ref. 3).

Along with ever-increasing customer requirements, the 
NVH behavior of polymer gears is also gaining importance. 
One of the early studies of the acoustic performance of poly-
mer gears was carried out by Hoskins et al. (Ref. 4), in which 
the researchers examined the influence of diverse materials 
used in polymer gears and different operational circumstances 
on the spectrum of sound frequencies. Parameters such as the 
texture of the surface, wear, and temperature, stemming from 
the interaction between tooth surfaces, were recognized as the 
factors affecting the intensity of sound energy. 

Trobentar et al. (Ref. 5) compared the acoustic behavior of 
polymer gears with different tooth profiles, i.e., involute and 
S-gears. The tooth profile of the S-gears had a convex adden-
dum and concave dedendum, which resulted in a progres-
sively curved (in the shape of the letter S) path of contact. The 
authors found that S-gears exhibit lower noise than involute 
gears due to the more favorable contact conditions—Polanec 
et al. (Ref. 6) studied the noise of coated POM polymer gears. 

Three physical vapor deposition (PVD) coatings were investi-
gated, i.e., aluminum, chromium, and chromium nitrite. The 
study revealed that uncoated polymer gears exhibited the low-
est sound pressure level; hence, no positive impact of the coat-
ing on the reduced noise could be confirmed. Furthermore, the 
coating started to peel off during operation causing increased 
friction and meshing disturbances, which resulted in an 
increased sound-pressure level. 

NVH performance of Polyamide (PA) 46 gear was dealt 
with in the study by van Wissen et al. (Ref. 7). Authors stud-
ied the noise behavior of a gear pair where both gears were 
made of PA46 and compared results to a case where a PA46 
gear was meshing with a steel one. Tests were done at three 
different rotational speeds, ranging from 200 rpm up to 800 
rpm, and three different torques, ranging from 0.2 Nm to 1 
Nm. A steep increase in noise was reported when increas-
ing the rotational speed. Similar behavior was also observed 
when increasing the transmitted torque. Cathelin presented 
a systematic study on the NVH of plastic gears (Ref. 8). The 
study reveals the complex behavior of plastic gear NVH, which 
strongly depends on operating conditions. Different unrein-
forced material grades were tested in the study; however, both 
gears were always made of the same material. A comparison 
to a steel gear pair, tested at the same conditions, is provided, 
highlighting the superior NVH behavior of plastic gears when 
compared against steel ones. 

The following study presents an experimental methodol-
ogy, employed to characterize the NVH behavior of plastic 
gears NVH in application-like operating conditions, present-
ing guidelines for material selection in terms of optimal gear 
NVH. Five different combinations of plastic materials were 
utilized, both unreinforced and fiber-reinforced; however, it 
was always a dissimilar combination of the materials applied 
for the testing. The evaluated noise and vibrations are com-
pared to a benchmark steel gear pair.
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Methodology

Gear Sample Preparation
The test gear geometry was defined as per VDI 2736; Part 4, 
Table 1 (Ref. 1). Plastic gears were produced and used according 
to VDI 2736 “size 1-gear geometry” for the tests. The gear’s geo-
metric parameters are presented in Table 1. The gears were made 
by injection molding in a single cavity injection molding tool. 
An Engel Victory 50 (Engel Austria GmbH, Austria) machine 
was used for molding. A mold with a hot runner system and a 
central pin-point gate of diameter 1.3 mm was used. The gear 
body is designed with a wavy structure that follows a uniform 
thickness of 2.5 mm (Figure 1). The transition from the gear 
body to the teeth is designed with a symmetric groove, which 
enables symmetric filling of the teeth. Gears were produced uti-
lizing 7 commercially available plastic compounds, commonly 
employed for gear applications. The tool was designed with the 
possibility of exchanging cavities; hence, several different cavi-
ties were employed for molding to compensate for the differ-
ent shrinkage of the tested materials. The goal was to produce 
all gears in the same quality range to exclude the gear quality 
affecting the NVH performance. The basic composition of the 
used grades was as follows:
1.	 Polyoxymethylene (homopolymer)—POM
2.	 Polyamide 66—PA66
3.	 Polyamide 6 + 15% glass fibers—PA6+15%GF
4.	 Polyphthalamide + 30% glass fibers—PPA+30%GF
5.	 Polyamide 66 + 30% glass fibers—PA66+30%GF
6.	 Polyoxymethylene + 10% aramid fibers—POM+10%AF

As a benchmark for comparison, three sets of steel gears 
(heat-treated 42CrMo4) were also produced.

Parameter Nomenclature Unit Value

Centre distance a mm 38.45

Normal module mn mm 1

Face width b mm 6

Number of teeth z1/z2 / 39

Tip diameter
da1max/da1min mm 40.40/40.30

da2max/da2min mm 40.40/40.30

Root diameter
df1max/df1min mm 35.866/35.691

df2max/df2min mm 35.866/35.691

Tip rounding rK1/rK2 mm 0.08

Profile shift 
coefficient

x1 / -0.259

x2 / -0.259

Pressure angle an ° 20

Helix angle [ ° 0

Profile

h*aP / 0.96/0.96

h*fP / 1.25/1.25

t*fP / 0.25/0.25

Table 1—Geometric parameters of the tested gear pairs.

Figure 1—Tested gear samples.

Gear Quality Inspection
Three gears of each material were subject to geometric qual-
ity measurements on a Zeiss CMM machine, employing a 
Zeiss VAST XXT scanning sensor (Figure 2). The measured 
gear parameters were profile, lead, pitch, and runout, which 
were characterized according to ISO 1328 (Ref. 9) gear qual-
ity inspection standard. The evaluated parameters and the 
associated quality grades are summarized in Table 2. Based 
on the evaluated quality grades, which were at a comparable 
level  for all seven grades, it can be concluded that the gear’s 
quality grade did not have a notable effect on the gear pair’s 
NVH response during testing.

Figure 2—Sample gear during the geometric quality inspection.
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Figure 3—Torque and gear temperature were precisely controlled.

POM PA66 PA6+15%GF PPA+30%GF PA66+30%GF POM+10%AF Steel

Total profile 
deviation (Fa) 9 10 10 10 10 10 8

Profile form 
deviation (ffa) 4 5 6 5 5 6 6

Profile slope 
deviation (fHa) 10 10 10 10 10 10 8

Total lead 
deviation (Fb) 10 10 10 10 10 10 8

Lead form 
deviation (ffb) 4 6 5 4 4 5 6

Lead slope 
deviation (fHb) 10 10 11 11 11 11 7

Single pitch 
deviation (fp) 8 9 9 8 8 8 6

Total pitch 
deviation (Fp) 9 10 10 9 9 9 7

Runout (Fr) 10 9 10 9 10 10 7

Table 2—Determined quality grades for produced sample gears.

Index Torque 
[Nm]

Rotational 
speed 
[rpm]

Nominal 
root stress 

[MPa]

Gear 
temperature [°C]

L1 2.0 500 50.74 80

L2 3.25 500 82.46 80

L3 2.0 1500 50.74 80

L4 3.25 1500 82.46 80

L5 2.0 2500 50.74 80

L6 3.25 2500 82.46 80

*All loads were tested in grease and in dry conditions. Three tests were 
executed for each selected test condition, and a new set of gears was used 

for each test.

Table 3—Test conditions.
Figure 4—NVH testing set-up.
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and the wear was not yet present affecting the NVH perfor-
mance. After the 105 load cycles had been reached, the noise 
and vibration signals were captured. The duration of each 
measurement window was 10 s, with a sampling frequency rate 
of 20kHz. Signals, as presented in Figure 5, were acquired in 
each measurement. Steel gears were run for just a few minutes 
for the torque and rotational speed to stabilize; after that, the 
NVH measurement was made.

Three metrics are usually evaluated for the acquired signals, 
i.e., the peak value (max. amplitude), the peak-to-peak and the 
RMS value. The metrics are presented in Figure 5. The peak 
and peak-to-peak values represent only a single point value 
and do not consider the total signal energy; any fluctuation or 
transient vibration of a higher value can influence this metric. 
The increase of peak value or peak-to-peak may indicate the 
appearance of impacts in the signal, which can be isolated once 
a time. The RMS (root mean square) value is the effective 
value of the signal. It is calculated based on the entire sample 
using the following equation:

x n x x x1
RMS n1

2
2
2 2F g= + + +^ h

(1)

More practically, the RMS value measures the vibratory 
energy of the system. Unlike the peak and peak-to-peak val-
ues, the RMS value is not a point value, but rather a represen-
tation of the total signal energy. 

The measured sound pressure was converted to sound pres-
sure level, which is a logarithmic (decibel) measure of the 
sound pressure relative to the reference value of the 20 μPa 
threshold of hearing. The threshold of hearing is the quietest 
sound that most young healthy people can hear. The following 
equation was employed for the conversion:

logL p
p

20p 10
0

F= c m
(2)

where p is the root mean square sound pressure and p0 is the 
reference sound pressure (20 μPa or 0.00002 Pa).

Testing Conditions
The gear pairs were tested inside a closed acoustic chamber, 
mounted on the gear test rig, isolating the tested gear pair 
from the surroundings. That way only the noise generated by 
the tested gear pair could be measured, without major influ-
ence from other noise sources. Rotational speed, torque and 
gear temperature were precisely controlled during all tests (Fig. 
3). As the NVH performance depends on the operating condi-
tions, the gears were tested at two torque levels, and for each 
torque level at three rotational speeds, evaluating the effect of 
both operating parameters. The gear temperature was controlled 
at 80 °C in all tested cases. The tested loads are summarized in 
Table 2. The tests were run in dry conditions. For each material 
combination, three test repetitions were conducted. A new gear 
pair was employed for each test. The center distance at which 
the gears operated was precisely set by a precision positioning 
mechanism with an accuracy of 0.01 mm.

Six material combinations were tested, employing grades 
commonly used for gear applications. A steel gear pair of the 
same geometry was tested as a benchmark for comparison. 
Tested material combinations:
1.	 Steel—Steel (reference) (536.30 MPa)
2.	 POM—PA9T+30%GF
3.	 PA66—PA9T+30%GF
4.	 POM—PA66
5.	 PA6+15%GF—POM+10%AF
6.	 POM—PA66+30%GF

The testing setup is presented in Figure 4. A Dytran 
3055D1T (Dytran Inc., USA) accelerometer was mounted 
on the bearing housing near the driven gear and a PCB 
Piezoelectronics 378B02 (PCB Piezoelectronics Inc., USA) 
free-field condenser microphone was placed in front of the 
tested gear pair. Data acquisition was conducted by using 
Dewesoft’s SIRIUSm (Dewesoft, d.o.o., Slovenia) module. 
The tests with plastic gears were run for 105 load cycles, where 
the operation was considered to reach steady state conditions, 

Figure 5—Acquired vibrations and sound pressure signal.
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At this point, it must be stressed that the gear pairs 
were tested in an isolated acoustic chamber and only the 
noise generated by the gear pair was measured. In a real 
gearbox, most of the noise is usually generated by the 
housing, while the main cause for housing excitation is 
vibrations generated by the gears, which are transmit-
ted to the housing through the bearings and shafts. In 
some cases, the RMS values of the vibrations for the steel 
gear pairs were more than compared to the plastic-plastic 
pairs;; hence, a much louder operation of gearboxes con-
taining only steel gears can be expected.

All material combinations were tested at the same load, i.e., 
the same torque, rotational speed, and controlled gear tem-
perature. However, the modal characteristics of the tested gear 
pairs are not the same since the materials exhibit different 
densities and stiffness. Hence, the gear’s eigenfrequencies are 
located at different positions in the frequency domain. That 
means the steel/steel gear pair has a different eigenfrequency 
than the plastic/plastic gear pairs. Also, the eigenfrequencies of 
plastic/plastic combinations (composed of different materials) 
can vary substantially.

Figure 6—Sound pressure level, measured for the tested gear pairs. 
The temperature of plastic gears was controlled at 80°C in all tests 
(temperature measured on the teeth).

Figure 7—Vibrations, measured for the tested gear pairs. The tem-
perature of plastic gears was controlled at 80°C in all tests (tempera-
ture measured on the teeth).

Figure 8—FFT of the measured vibrations and sound pressure signal. The rotational speed of the test was 1500 rpm.

Results and Discussion
The average RMS values of the sound pressure level results 
are presented in Figure 6, and the average RMS values of 
measured vibrations are in Figure 7. The results show an 
average of three tests at each tested operating condition, and 
the error bars represent one standard deviation between the 
measured values. A relatively linear increase of measured 
sound pressure level could be observed for the benchmark 
steel gear pair while a much more complex behavior was 
found for the plastic gear pairs. The measured noise levels for 
the steel gear pairs were approx. 10 dB higher than the loud-
est tested plastic gear combination. Between the plastic gear 
pairs and at the lowest tested rotation speed, a difference of 
10 dB could be observed between the best-performing and 
the worst-performing combination. Increasing the rotational 
speed led to an increase in the measured sound pressure level. 
A small difference between the measured noise levels could 
be observed at the highest rotational speed. It should be 
noted that an average person can distinguish a sound pres-
sure level difference of 3 dB, which can hardly be recognized, 
especially at noise levels above 100 dB.
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If a structure is excited at the eigenfrequency or near it, the 
amplitude of the response rises significantly (in theory, it is 
an exponential rise). Therefore, one material pair can show 
higher vibrations at a certain rotational speed than the other 
and lower vibrations than the comparing material pair at a dif-
ferent rotational speed (excitation level). Such phenomena will 
also occur in a real application if the load is varying (which, 
many times, is the case).

Fast Fourier transforms (FFTs) of the measured vibration 
and sound pressure signals were generated to verify that the 
measured NVH resulted from gear meshing and not any other 
associated effects, e.g., motor noise, bearings or exterior noise. 
It was crucial that for all the analyzed signals, the most pro-
nounced peak in the frequency domain corresponded to the 
gear meshing frequency, as shown in Figure 8. By that, it could 
be confirmed that the measured values were the resulting 
NVH of the meshing gear pair.

Conclusions
The present results provide a quantitative comparison of the plas-
tic gear’s NVH level against that of a steel gear pair of the same 
geometry, operating at the same conditions. While the noise levels 
measured for the steel gear pairs were 10 dB or higher than those 
of the tested plastic gear pairs, the main benefit can be seen in the 
much lower vibrations generated by the plastic gear pairs. Vibra-
tions generated by a gear pair are the main noise generator in most 
practical applications. The differences between the different plas-
tic combinations were not on the same level as when compared 
to steel gear pairs. However, a difference in NVH performance 
could nevertheless be observed. The best-performing material 
combination (especially in terms of vibrations) was the POM—
PA66+30%GF, while the highest vibrations against the plastic gear 
pairs were measured for the POM—PA66 gear pairs. The meshing 
stiffness of the POM—PA66 gear pair was the lowest among the 
tested pairs. While this ensured good damping, it also resulted in 
the highest transmission error among the tested pairs, which is the 
main source of vibrations in gear pairs. Gear pairs consisting of one 
unreinforced and one reinforced gear exhibited a higher meshing 
stiffness and, consequently, a lower transmission error, resulting in 
lower vibrations generated by the gear pair.

Future Outlook
Several open topics on the plastic gears NVH still need to be 
addressed and systematically studied. The professional public 
accepts that the plastic gear NVH increases with the increas-
ing wear of the gears. To the best of the author’s knowledge, 
there have not been any relevant studies published yet, where 
the wear’s effect on the NVH would be systematically studied 
and evaluated. A similar open topic is the effect of grease. It is 
generally accepted that by introducing grease to the gearbox, 
the noise and vibrations get reduced. However, having such an 
effect more systematically quantified would be valuable.
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He studied Mechanical Engineering at the University of 
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Dr. Borut Černe is a cofounder and Co-CEO at 
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Croix Gear
HIRES TOM MARINO AS 
WEST REGION SALES 
REPRESENTATIVE

Croix Gear announces the addition of 
Tom Marino as sales representative for 
the west region. With nearly 40 years 
of industry experience and strong rela-
tionships across the gear manufactur-
ing sector, Marino will play a key role 
in meeting the diverse needs of Croix 
Gear’s customers in the Western 
United States.

“I am thrilled to join one of the 
nation’s premier gear companies,” said 
Marino. “Croix Gear’s capabilities, 
including specialized bevel gear cutting 
equipment, set it apart in the industry. 
I look forward to leveraging my skills 
and experience to foster new business 
opportunities and deliver exceptional 
value to our customers.”

Ruthie Johnston, CEO and owner, said, 
“We are thrilled to welcome Tom Marino 
to our team. Tom is a highly respected 
expert in the gear industry, bringing 
extensive knowledge and a wealth of 
experience in gear manufacturing. His 
expertise will greatly benefit our custom-
ers and strengthen our organization.”

croixgear.com

Forest City 
Gear
BREAKS GROUND ON NEW 
WAREHOUSE

Forest City Gear is pleased to announce 
the groundbreaking of a new warehouse. 
The 50 ft. x 100 ft. climate-controlled 
warehouse will serve as storage for fin-
ished goods, while prioritizing storage 

space in the existing footprint for in-
process items for Cut Teeth Only jobs.

“With this new building, we will be 
able to be more efficient with our foot-
print in both the FCG main building 
and Roscoe Works building, as we will 
no longer need to shuffle physical prod-
uct storage in order to facilitate daily 
operation,” says Jared Lyford, Forest 
City Gear director of operations.

“FCG continues to grow and serve our 
customers. Over the years, we have canni-
balized all storage space and part-holding 
areas for production space. Many of our 
customers place blanket purchase orders 
with moving target dates for releases—we 
must be prepared to ship parts on demand. 
Of course, this requires secure, climate-
controlled storage space for finished goods 
which we no longer have available,” says 
Kika Young, president of Forest City Gear. 
“I am excited to build this warehouse facil-
ity on our existing campus to be able to 
better serve our customers and provide the 
flexibility they require. The future is bright, 
and we are excited to continue to grow our 
business in the best way possible to sup-
port customers.”

forestcitygear.com

Solar 
Atmospheres
SOUTH CAROLINA FACILITY 
AWARDED PARKER 
AEROSPACE APPROVAL

Solar Atmospheres Greenville, SC facil-
ity is pleased to announce it has been 
awarded Parker Aerospace approval. 
This achievement expands Solar Atmo-
spheres’ reach, offering five facilities able 
to assist customers with Parker Aero-
space thermal processing requirements.

Steve Prout, president of Solar 
Atmospheres’ Greenvil le facil ity, 
shared: “We are excited to provide our 

customers in the Southeastern U.S. with 
another regional solution for aerospace 
and defense thermal processing. This 
approval allows us to save our customers 
time and money while maintaining the 
exceptional quality they expect.”

Solar Atmospheres offers a wide 
range of vacuum thermal processing 
services, capable of handling develop-
ment cycles and loads of up to 50,000 
pounds at temperatures as high as 
2400°F. As an AS9100 and Nadcap-
accredited company, Solar Atmospheres 
ensures every product meets the high-
est industry standards, giving customers 
confidence in the reliability and preci-
sion of their heat treatments.

solaratm.com

Bonfiglioli
OFFERS METALWORKING 
SOLUTIONS AT 
EUROBLECH 2024

Bonfiglioli showcased its latest innova-
tions at EuroBLECH 2024, the premier 
global event for the metalworking indus-
try. This participation highlighted a suite 
of cutting-edge solutions tailored to meet 
the growing demands of smart manufac-
turing and advanced metal processing.

Throughout the fair, Bonfiglioli intro-
duced customized technologies designed 
for diverse operational needs, offering 
flexibility and efficiency. Developed in 
collaboration with industry leaders, these 
solutions set new benchmarks in produc-
tivity while optimizing costs, positioning 
Bonfiglioli at the forefront of metalwork-
ing innovation.

EuroBLECH provided the perfect 
location to demonstrate how these solu-
tions seamlessly integrate with exist-
ing systems, enhancing overall per-
formance and reducing operational 
expenses. With a steadfast commitment 

industry news
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to innovation, collaboration, and adapt-
ability, Bonfiglioli continues to drive the 
future of metalworking.

bonfiglioli.com

David Brown 
Santasalo
LISTED AS TOP 100 
KIRKLEES COMPANIES FOR 
FIFTH CONSECUTIVE YEAR

David Brown Santasalo has been recog-
nized as one of the top 100 companies in 
the “Kirklees Top 100” list for the fifth 
consecutive year. Now into its fifth year, 
the Kirklees Top 100 Companies initia-
tive aims to raise the profile of the local 
business community and forge stron-
ger links around topics of shared inter-
est between the top 100 companies and 
partners, the University of Huddersfield, 
Business Kirklees and the 3M Buckley 
Innovation Center (3M BIC).

The list was overseen by Professor Jill 
Johnes, Dean of Huddersfield Business 
School who specializes in production 
economics and was determined by a set 
of consistent metrics such as turnover, 
profit, employee numbers and growth. 
The top 100 businesses were unveiled at 
a launch event held in October.

“We are very pleased that our UK 
operations have been recognized 
amongst some of the most successful 
businesses in the Kirklees area. The busi-
ness can trace its roots back to 1860 
when we started specializing in gear-
wheel patterns for cast gears right here 
in Huddersfield. Since that time, we 
have kept our roots firmly planted in 
the area, most notably opening our Park 
Works facility in 1902, which is still part 
of our business today. The business con-
tinues to develop and now has a long-
term land and marine orderbook and has 

expanded our industrial service center, 
most recently opening a secondary site 
at our Prospect Works location,” David 
Armitt, CEO, David Brown Santasalo. 

dbsantasalo.com

ABB
OPENS NEW $100 MILLION 
CAMPUS IN WISCONSIN

ABB recently began the phased opening 
of a new $100 million campus in New 
Berlin, WI to increase U.S. production 
capacity of industrial electric drives and 
service to fully meet Build America Buy 
America Act (BABAA) requirements. 
ABB employees, elected officials, educa-
tion leaders, and media gathered for a rib-
bon cutting event to mark the first phase 
opening of the campus.

“ABB is a technology leader in elec-
trification and automation and the U.S. 
market is an important growth engine 
for our business,” said Brandon Spencer, 
president of ABB’s Motion Business 
Area. “Investment in this modern man-
ufacturing facility gives ABB access to a 
highly qualified workforce, strengthens 
localized supply chains, and keeps us 
close to our customers.”

The need to reduce and avoid emis-
sions is driving strong demand for ABB’s 
electrification and automation solutions 
in the power, industrial, transport and 
building sectors. ABB empowers cus-
tomers across the globe to optimize, elec-
trify and decarbonize their operations.

“ABB is strengthening America’s infra-
structure and introducing new, cleaner 
technologies to help customers boost 
competitiveness while lowering their car-
bon footprint,” said Tuomo Hoysniemi, 
president of ABB’s U.S. Motion Business 
Area and Global Drive Products Division. 
“We are also using technology to run our 
own factory cleaner with building design 
features such as solar power, geothermal 

heat pump and modern HVAC systems, 
and advanced building controls. The 
innovations will help ABB meet its own 
2030 sustainability goals.”

While the increased footprint of the 
new facility will better serve ABB’s 
future growth in the company’s largest 
market, the highly automated production 
facility will be complemented by a digi-
tal Customer Experience Center and a 
state-of-the-art Innovation Lab to better 
serve customers in the United States. By 
locating a warehouse distribution center 
on the campus, ABB will reduce trans-
portation costs and associated emissions.

The new campus will welcome more 
than 700 ABB employees and is expected 
to add an additional 100 new jobs over 
the next three years.

“It is important for business, govern-
ment and educational institutions to 
work together to prepare the workforce 
for modern manufacturing,” said Kelly 
Kling, Drives Site Leader and Head of 
Finance for US ABB Motion Business. 
“STEM education will better prepare 
the nation for the high demand of elec-
trical and mechanical engineers, con-
tractors and automation technicians. It 
is important for ABB, our customers, 
and will build a stronger America.”

abb.com

Sumitomo 
Drive 
Technologies’
PARAMAX 9000 SECURES 
MULTIPLE AWARDS AT VA 
MANUFACTURING GALA

This year’s Virginia Manufacturing Gala, 
hosted by the Virginia Manufacturers 
Association (VMA) at the prestigious 
Virginia Museum of History and Cul-
ture, served as a showcase for the best in 
Virginia’s manufacturing industry. At this 
prominent event, Sumitomo Drive Tech-
nologies stood out significantly, earning 
Bronze in the Virginia Manufactur-
ing Cup and capturing 1st Place in the 
Industrial and Commercial Machinery 
category with its Paramax 9000 reducer.

The Paramax 9000 is the cornerstone 
of Sumitomo’s large industrial gearbox 
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reducers, renowned globally for its 
robustness and durability. This speed 
reducer is designed to perform opti-
mally in the most demanding environ-
ments, including industries like forestry, 
steel, and mining. Its capability to han-
dle critical applications such as bulk 
material conveying, mixers, crushers, 
kilns, and cranes showcases the compa-
ny’s commitment to quality. 

Support from over 53,000 votes high-
lights the industry’s recognition and 
public endorsement of Sumitomo’s 
impact on the manufacturing landscape 
in Virginia. This year’s accolades reflect 
not just the company’s achievements 
but its ongoing dedication to innova-
tion and excellence in manufacturing. 
Sumitomo’s success is supported by 
strategic advantages such as reduced 
average lead times, a substantial domes-
tic inventory, and a dedicated team of 
engineers and manufacturers who are 
specialists in their fields. 

At the gala, Sara Zimmerman, vice 
president of business development at 
Sumitomo Drive Technologies, shared 
her thoughts. “We are incredibly proud 
of our products, especially this year’s 
submission. I want to take this oppor-
tunity to thank our employees, custom-
ers and suppliers who voted for us. We 
could feel the love tonight and are com-
mitted to providing the highest quality 
products with a ‘cool’ factor.”

us.sumitomodrive.com

Emuge-
Franken USA
ANNOUNCES MIKE 
PATTERSON AS NATIONAL 
SALES MANAGER

Emuge-Franken USA has announced the 
appointment of Mike Patterson as national 

sales manager for the U.S. and Canada. Pat-
terson brings to Emuge extensive industry 
knowledge and management experience. 
He is responsible for leading the Emuge-
Franken sales organization in the U.S. and 
Canada to further strengthen support for 
customers and distributor partners, as well 
as to grow market share. 

“We are excited to welcome Mike as 
our national sales manager,” said Bob 
Hellinger, president of Emuge-Franken 
USA/Canada, “With more than 30 years 
of combined experience in sales manage-
ment and technical expertise in cutting 
tools and metalworking manufacturing, 
Mike is ideally suited for this role.”

“I’m excited to join the Emuge team as 
national sales manager,” said Patterson. 
“I look forward to applying my industry 
expertise and leadership to motivate field 
sales and distributors. Supporting the 
continued success of Emuge-Franken 
USA, and maintaining its reputation for 
outstanding innovation, quality and cus-
tomer service in a broad range of cutting 
tools are key initiatives.”

Patterson most recently served as 
the northeast general manager at 
Blackhawk Industrial, a large distribu-
tor providing industrial products, equip-
ment, and manufacturing services. Prior 
to that, he spent over eight years at 
Kennametal, a manufacturer and sup-
plier of tooling and industrial mate-
rials, where he held management and 
engineering roles, including as north-
east sales manager for four years and 
channel partner (distribution) manager 
for two years. Earlier in his career, he 

Mike Patterson

gained hands-on experience as a CNC 
machinist, manufacturing engineer, and 
application engineer. Patterson holds 
a journeyman tool and die certifica-
tion and a bachelor’s degree in engi-
neering/ industrial management from 
Manchester (CT) Community College. 
He also holds an associate’s degree of 
applied science manufacturing technol-
ogy from Naugatuck Valley Community 
College (CT).

emuge-franken-group.com

ECM USA’s
VINCENT LELONG 
PRESENTED AT PURDUE 
HEAT TREATMENT 
CONSORTIUM (PHTC)

ECM USA’s Vincent Lelong presented 
low pressure carburizing with vacuum 
furnace technology at Purdue Univer-
sity’s School of Materials Engineering 
undergraduate seminar. This seminar 
regularly features industry speakers, 
some of whom are members of the 
Purdue Heat Treating Consortium. 
Dedicated to advancing the science and 
technology of industrial metal treat-
ing through cutting-edge research and 
collaboration with industrial profes-
sionals, this program aims to address 
real-world challenges and educate at all 
levels. Current and previous graduate 
projects involve contact fatigue prop-
erties, predicting residual stresses, and 
quantifying environmental properties. In 
his presentation, Vincent Lelong, ECM 
USA Synergy Center Manager, delved 
into the operating parameters and ben-
efits of low-pressure vacuum carburizing 
(LPC). These details included test pro-
grams and the influence of high-pressure 
gas quench (HPGQ) testing done in the 
ECM USA Synergy Center located in 
Pleasant Prairie WI.

ecm-usa.com
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JANUARY 28–30

IPPE 2025

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-makers attend this annual event to 
network and become informed on the latest technological developments and 
issues facing the industry. All segments of the industry are represented: feed 
milling, animal food, genetics, hatchery, live production and animal health, 
egg production & processing, poultry & meat processing, further processing, 
rendering, marketing, and all support activities. Exhibitors include 
Stober Drives, SEW Eurodrive, Kluber Lubrication, JIE and more.

geartechnology.com/events/5039-ippe-2025

FEBRUARY 4–6

Additive 
Manufacturing 
Strategies 2025

The Additive Manufacturing 
Strategies conference (New York) 
brings together AM stakeholders 
from all over the world. AMS 
includes panels and keynotes 
on topics most critical in the 
fast-growing world of additive 
manufacturing. Bringing 
together the industry’s leaders 
in a contained networking 
environment makes AMS 
the place for startups to access 
capital, for f inancial institutions 
and investors to sharpen their 
radars, and for the AM industry 
to focus on the business of 
AM. AMS 2025 is “in-person 
only” to ensure maximum 
networking and discussion.

geartechnology.com/
events/5108-additive-

manufacturing-
strategies-2025

MARCH 1–8

IEEE Aerospace 
Conference 2025

The International IEEE 
Aerospace Conference, with AIAA 
and PHM Society as technical 
cosponsors, is organized to promote 
interdisciplinary understanding 
of aerospace systems, their 
underlying science and technology, 
and their applications to 
government and commercial 
endeavors. The annual, weeklong 
conference (Big Sky, Montana) 
is set in a stimulating and 
thought-provoking environment. 
The 2025 conference will 
be the 46th in the series.

geartechnology.
com/events/5055-

ieee-aerospace-
conference-2025

FEBRUARY 11–13

Industrial IoT Conference 2025

The Industrial IoT Conference (Ft. Lauderdale, FL) explores the 
potential of intelligent machines, prescriptive analytics, sensor driven 
analytics, and block chain solutions. Attendees learn about the industrial 
IoT technologies that are driving the transformation in manufacturing, 
supply chain and operations. Attendees include implementors, 
manufacturing companies, supply chain professionals, service providers, 
IoT manufacturers and more. Topics include implementation, warehouse 
logistics, robotics, sensors, cybersecurity, data analytics and more.

geartechnology.com/events/5113-industrial-iot-
conference-2025

JANUARY 7–10

CES 2025

Attracting a diverse range of professionals, including executives, 
engineers, designers, and entrepreneurs, CES (Las Vegas) is an excellent 
opportunity to connect, collaborate, and grow your professional network. 
Keynote addresses and panel discussions from industry experts offer 
valuable insights into market trends, consumer behavior, and emerging 
technologies that can help guide strategic decisions and future planning. 
Attendees can interact with new technologies f irsthand, gaining a deeper 
understanding of their features and potential applications. The broad 
range of exhibits and industries represented at the show can inspire 
innovative solutions. Industries include 3D printing, AR/VR/XR, 
AI, cloud computing/data, construction tech, cybersecurity and more.

geartechnology.com/events/5112-ces-2025
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EXCELLENT
Gear Machinery 

& Tooling
FOR SALE

GEAR MACHINERY
Gleason Model 519 Universal Tester, 36" 
Gear Diameter, 12" Pinion, #60 & #39 Tapers, 
ID Both Spindles = 0.00005" (0.00127 mm). 
Speeds 200 to 2000 rpm, 1967

GEAR TOOLING
Barber Colman 6-5 & 10-12 & HSC Index 
Plates
Gleason Index Plates, Lift Cams, Drop Cams 
and Genevas for Models 605 – 610
Gleason Index Plates for Models 19, 29 & 
120 Curvic
Gleason Index Plates for Models 724, 725 
& 726
Gleason Lift & Drop Cams for 112
Gleason Drop Cams for 109
Gleason 54 Straight Planer Cams
Gleason Test Bars #14 & #39, #14 & #14, 
#39 & #39, Long & Short
Reishauer 62-84mm & 104mm Grinding 
Wheel Hubs
Hurth KF32A & LF Index Plates
Fellows Model 36 Cutter Holders
(2) Gleason Universal Lower Dies for Quench 
Presses

CHANGE GEARS
Barber Colman 16-16 & 14-15
Fellows Models 3, 3-1, 6, 6A, 10-2 & 10-4, 
36 & Z Large & Small Bore
Gleason 2A, 7A, 12, 12B, 14, 16, 24, 24A, 26, 
28, 102, 104, 106, 108, 112, 114, 116, 118, 
463, 606-610 641, 645, 650 Spur & Helical

michael@GoldsteinGearMachinery.com

GET 56 YEARS OF 
EXPERIENCE AND 

KNOWLEDGE 
WORKING FOR YOU

®

®�

www.gearmachineryexchange.com
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Galactic Guidance 
Liebherr provides bearings and slewing 
drives for radio astronomy facility

Matthew Jaster, Senior Editor

Liebherr’s components product segment and mtex antenna 
technology joined forces in 2023 to provide the antennas for the 
next generation Very Large Array antennas (ngVLA), which 
will offer a glimpse into the infinite space reach. 

The ngVLA will be the largest radio astronomy facility in the 
Northern Hemisphere. The azimuth adjustment of the antennas 
is made possible by three-row roller bearings with a diameter 
of three meters and precisely matched slewing drives. In addi-
tion, gear ring segments together with the drives ensure accurate 
elevation adjustment of the antenna. The interaction of slewing 
bearings and drives guarantees precise control and positioning 
of the antennas for the exploration of the universe. 

The ngVLA will directly image the formation of solar sys-
tem analogues for life with astrochemistry, characterize the 
assembly, structure and evolution of galaxies, test theories of 
gravity with galactic center pulsars, reveal the explosive uni-
verse through multi-messenger discoveries and so much more.  

“The ultra-sensitive imaging capabilities of these groundbreak-
ing instruments will give us an unprecedented look into space and 
help unlock the secrets of the universe,” explains Lutz Stenvers, 
managing director of mtex antenna technology GmbH. 

The new generation antennas, boasting a diameter of 18 meters, 
will be positioned in a clearly defined pattern throughout North 
America. The area with a total of 244 antennas will cover approx-
imately 1,000 kilometers. The special arrangement of the anten-
nas will ensure optimal data reception from the cosmos. 

“Cutting-edge technology, precision engineering and a tire-
less commitment to scientific discovery rockets the project to 
the forefront of astrophysical research,” continues Stenvers. 
“And Liebherr’s components take an important role in this.” 

The slewing bearing is used for azimuth adjustment of the 
antenna to enable its precise positioning. Therefore, this roller 
bearing has a diameter of 3.3 m. Its weight of 4,128 kg pro-
vides for more stability; its axial runout of 0.1 mm and radial 
runout of 0.05 mm plays a decisive role when it comes to pre-
cision. The slewing bearing is designed to be free of backlash, 
making it ideal for adjusting the azimuth of the antenna. 

As a complementary feature to the slewing bearing, the gear 
ring segment is of great importance for the elevation adjustment 
of the antenna, meeting the high demands on the gear quality. 
The two gear ring segments, each positioned on the sides of 
the horizontal antenna rotation axis, ensure its elevation adjust-
ment. In addition, the interaction of the azimuth drives with the 
slewing bearing enables a high degree of precision, with which 

the satellite systems rotate around the tower axis. The key is a 
low torsional backlash and increased stiffness of the planetary 
gears. These optimizations make the adjustment mechanism 
of the entire system operate with maximum accuracy, targeting 
precise positioning in the long run. The elevation adjustment, 
which is responsible for the inclination of satellite dishes, uses 
the same drives as the azimuth adjustment, but with an adapted 
transmission ratio. The interplay of the two adjustment systems 
is indispensable for precisionantenna alignment. This expertise 
is crucial for the symbiosis of the slewing bearing, gear rings and 
slewing drives as a unit. 

According to the National Radio Astronomy Observatory 
(NRAO), radio astronomy can also be done during the day-
time. The ngVLA will not be limited to nighttime regions of 
the sky. By capturing high-resolution images of gravitational 
wave events, the ngVLA will become one of the most powerful 
tools of multi-messenger astronomy.

The ngVLA will directly image the formation of solar system ana-
logues for life with astrochemistry as well as characterize the assem-
bly, structure and evolution of galaxies.

The mtex antenna technology and National Radio Astronomy Obser-
vatory team experienced Liebherr’s ready-made roller slewing bear-
ing for their next-generation Very Large Array antennas (ngVLA) for 
the first time in late 2023. 
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© Gleason Corporation. All rights reserved.

Design, material selection, prototyping, serial production. No matter 
the application, temperature, load, gear quality, or complexity, Gleason 
Plastic Gears is your one-stop partner for precision polymer gears and 
housings. Material Scientists on staff to help select the ideal and cost-
effective polymer for your application. KISSsoft® experts to optimize 
your gear macro and microgeometries. Scientific molding experts 
to achieve the highest precision and gear quality, utilizing GPG’s 
proprietary No-Weldline Technology.

www.gleason.com/plasticgears

Any Application  
Any Material  
Any Gear 
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BEVEL GEAR TECHNOLOGY  CYLINDRICAL GEAR TECHNOLOGY  PRECISION MEASURING CENTERS  DRIVE TECHNOLOGY

The precision requirements for components and assemblies are steadily on the rise. To meet these demands, as many 
measurement tasks as possible should be combined into a single sequence – ideally directly on the shop floor rather than 
in the measuring room. A Klingelnberg Precision Measuring Center has rapid measurement capability for dimensions, 
shape, contour and surface roughness in one automated cycle, on one machine, which can be set up directly in the 
production environment. By combining measurement tasks traditionally performed on up to six different devices, it is 
possible not only to lower investment costs, but also to reduce setup times and quality costs.
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











 Bevel Gear Measurement  Cylindrical Gear Measurement  Coordinate, Form and Position Measurement

 Roughness Measurement  Optical Measurement  Contour Measurement

DONE-IN-ONE COMPLETE  
MEASUREMENT IN A SINGLE STAGE
INCREASING PRODUCTIVITY AND QUALITY


