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AN ACCURATE METHOD OF GENERATING  
TOOL PATHS FOR HELICAL GEARS

A new method was developed to generate and simulate tool 
paths for conventional 5-axis machines to create helical gears 

with crowning following the generation principle.
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KENNETH CARTER, editor

editor@gearsolutions.com
(800) 366-2185  x204

As the world continues to move closer to normalcy, thanks for checking out the current 
issue of Gear Solutions, where we’re always keeping that window open on the world of 

gear manufacturing.
Judging from some of the news releases we’ve received from various companies, it 

would appear that, at least as far as gears are concerned, business continues to grow at a 
steady pace.

That being said, April’s Focus section takes a look at a variety of subjects important to 
gear manufacturing that are as essential as they are innovative.

This month’s issue has some great information in it as we set our sights on the topics 
of workholding and cutting tools. Without these workhorse areas, producing gears would 
be a lot more difficult.

Starting with our cover feature article, experts from The University of North Carolina 
at Charlotte discuss a new method developed to generate and simulate tool paths for con-
ventional 5-axis machines to create helical gears with crowning following the generation 
principle.

Another article from Gleason looks at the company’s breakthrough in power skiv-
ing and how the process’s integrated tool resharpening establishes new quality and cost 
benchmarks.

Even this month’s company profile gets in on the workholding theme, as I had the 
opportunity to chat with Matt Schron, general manager of Jergens Manufacturing. In the 
profile, we discuss how Jergens has become one of the world’s largest manufacturers of 
standard tooling components, vises, and other workholding equipment.

In addition to all of that, this month’s issue has a wealth of information from our regu-
lar columnists, so make sure you check them out as well. I am always learning something 
new from them, and I’m sure you will, too.

Keep in mind that Gear Solutions is here to get your message out to your customers, 
whether that be with news releases that we happily share with our readers or advertising 
that can drive home what your company can offer. There are options available, and Gear 
Solutions’ primary goal is to help you with your company’s mission in any way we can.

As always, thanks for reading!

Industry continues to inch 
toward normal
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C&B Machinery  
partners with  
PTG – Holroyd
C & B Machinery announced a new partner-
ship as the exclusive North American agent 
for PTG – Holroyd. The agreement was final-
ized late in 2021 and is now in full swing 
with multiple active projects in the final 
stages of the RFQ process. Through this 
partnership, C&B will leverage its existing 
North American customer base and expand 
on the solutions that it can provide. With the 
dynamic shift of production to support elec-
tric vehicle (EV) advancements it is seen as a 
perfect match for building a stronger founda-
tion for the future of manufacturing.

“From our initial introduction to PTG – 
Holroyd’s technology, their company history, 

and the teams’ expertise we knew that this 
would be a great partnership,” said Fabrizio 
Tarara, C & B Machinery’s VP of sales. “With 
the rapidly changing marketplace due to 
electrification, we have received many 
inquiries from our customer base asking 
C&B to offer more solutions. Our customers 
are looking to give work to trusted partners 
with a proven track record of delivering 
robust turn-key systems. We see this as a 
perfect match for the future with an imme-
diate positive response from our existing 
customer base.”

“With significant experience supplying 
and manufacturing precision machines, 
and recognized for providing high levels of 
customer service, C & B Machinery was able 
to demonstrate the uncompromising stan-
dards we expect from our agents,” said Mark 
Curran, PTG-Holroyd sales director. “C & B 

Machinery will offer our full range of rotor 
milling machines, rotor grinding machines, 
gear grinding machines, screw pump and 
worm gear grinding machines, as well as 
PTG Powerstir friction stir welding (FSW) 
machines for transport applications.”

MORE INFO www.holroyd.com   
www.cbmachinery.com

GF Machining Solutions 
invests in North American 
medical manufacturing
Underscoring its commitment to the sup-
port of advanced medical manufacturing, 
GF Machining Solutions has established 
a Medical Center of Competency and has 
appointed a new medical business devel-
opment manager, 
Donn Wuestenberg, 
to head its opera-
tions. The new cen-
ter, scheduled to 
open later this year 
in Lincolnshire, 
Illinois, will pro-
vide medical manu-
facturers in North 
America with com-
prehensive applications support along with 
world-class production technologies that 
include precision milling, EDM, laser tex-
turing, micromachining, and automation.

At the center, manufacturers will have 
access to the GF Machining Solutions sales 
and service as well as industry-leading 
medical application support teams. With 
extensive experience in the manufacture 
of complex, high-precision parts, the com-
pany will provide strategies and technolo-
gies for improving the production of medi-
cal instruments, orthopedic and trauma 
implants, consumables, dental parts, pack-
aging, and more.

According to Wuestenberg, the new 
Medical Center of Competency will pro-

Holroyd is a world leader in the design, build and supply of high-precision gear, rotor, screw and thread milling, 
grinding, and friction stir welding. (Courtesy: C&B Machinery)

Donn Wuestenberg

INDUSTRY
NEWS NEW TRENDS, SERVICES & DEVELOPMENTS

SEND US YOUR NEWS  Companies wishing to submit materials for inclusion in Industry News should contact the editor, 
Kenneth Carter, at editor@gearsolutions.com. Releases accompanied by color images will be given first consideration. 

http://www.holroyd.com
http://www.cbmachinery.com
mailto:editor@gearsolutions.com?subject=Referred by Gear Solutions
http://gearsolutions.com
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vide the perfect environment for collabo-
ration between GF Machining Solutions, 
its medical customers, and key industry 
partners. “Together we can identify and 
focus our efforts on those transformational 
projects that will further advance the medi-
cal manufacturing industry sector,” said 
Wuestenberg.” These collaborations will 
also help spur the development of new and 
refined machines and technologies that will 
keep North American medical manufactur-
ers moving forward and competitive.” 

Wuestenberg brings more than 20 years 
of manufacturing experience with a strong 
focus on working collaboratively with key 
technology partners to his new position at 
the center. He is a master electrician and 
journeyman industrial electrician and pos-
sesses extensive expertise in plant produc-
tion, project design, die/mold, and produc-
tion machinery for medical parts. 

MORE INFO www.gfms.com

Neugart reorganizes 
sales network to improve 
customer service
With a dual leadership arrangement, the 
gearbox specialist Neugart continues to 
develop its sales performance in Germany 
and abroad. Simon Zeller as the new sales 
manager and Clemens Maurer as head of 
the newly created global sales development 
department have been working with their 
teams since the beginning of the year to 
ensure even closer proximity to Neugart 
customers worldwide.

In a challenging economic environment, 
the requirements in the global machinery 
and plant engineering sectors are becoming 
increasingly complex. Against this backdrop, 
suppliers are also increasingly called upon to 
master the diverse challenges of the global 
markets and thus ensure sustainable growth 
in the long term.

As a response to this, Neugart, as a man-
ufacturer, is systematically expanding its 
international sales network. The goal is to 
provide even closer customer support. This 
means more flexibility with the fastest pos-
sible response speed, which pays off par-
ticularly in the case of complex tasks. Short 
distances and high-performance logistics 
enable optimal delivery performance.

Swen Herrmann, who had headed sales 
since 2018, now supports the management 
of Neugart GmbH at the Kippenheim site as 
business development manager.

Neugart is the family business among 

Established in 1957  |  Veteran-Owned  |  ISO 9001:2015  |  AS9100D  |  ITAR Compliant
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Gearbox specialist 
Neugart is expanding 
its national and 
international sales 
performance with 
Simon Zeller, right, 
as sales manager and 
Clemens Maurer as 
manager of the global 
sales development 
department. (Source: 
Neugart GmbH)

http://www.gfms.com
http://southerngear.com
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gearbox manufacturers. Established in 1928, 
the company has always been run by its 
owners, who are now in their fourth genera-
tion. Neugart develops, manufactures, and 
markets planetary gearboxes and custom-
ized gearboxes to customer specifications. 
The company employs approximately 700 
people worldwide, including around 600 at 
its historic headquarters in Kippenheim in 
southern Baden.

MORE INFO www.neugart.com

Motion names Jon Tart 
vice president  
of Southeast group
Motion Industries, Inc., a leading distribu-
tor of maintenance, repair, and operation 
replacement parts, and a premier provider 
of industrial technology solutions, promoted 
Jon Tart to vice president of the company’s 
Southeast group, effective March 1.

Tart was promoted from his position of 

Baltimore Division vice president. Starting 
with Motion in 1996 as a customer service 
representative, he transitioned to the cor-
porate training pro-
gram in 1997, then 
moved to a sales 
territory in 1998. 
Since then, Tart has 
served as branch 
manager of two 
branches, division 
sales manager, area 
vice president of 
corporate accounts 
for the Northeast and the Southeast, and 
Baltimore division manager.

Tart will report to Kevin Storer, executive 
vice president, branch operations.

“Jon’s impressive background and his abil-
ity to leverage his vast experience and com-
petitive nature will ensure success in the 
years ahead,” said Storer. “I look forward to 
seeing him successfully lead the Southeast 
group to new heights.”

A graduate of East Carolina University, 
Tart holds a bachelor’s degree in marketing 
and an MBA.

MORE INFO www.motion.com

Tool Alliance celebrates 
50 years in cutting tool 
manufacturing
U.S. cutting tool manufacturer Tool Alliance 
celebrated 50 years of highly successful busi-
ness in March 2022. During this time, the 
company has grown steadily and built a 
reputation for the quality and durability of 
its solid carbide and indexable carbide cut-
ting tools.

Tool Alliance makes extensive use of 
CNC grinding machines from various man-
ufacturers, but has chosen to standardize 
the machines’ control systems on NUM’s 
Flexium CNC platform and NUMROTO soft-
ware, primarily for reasons of performance 
and production efficiency. Tool Alliance is 
one of the largest licensees of NUMROTO in 
the United States.

Founded in 1972 and still privately held, 
Tool Alliance operates a number of compa-
ny-owned factories — its principal manufac-
turing facilities are located in Huntington 
Beach, California, and in Fort Myers, Florida. 
The company’s cutting tool products and ser-
vices include such renowned brand names as 
Ultra-Tool, RoundTool Laboratories, Tungsten 
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Jon Tart
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ToolWorks, Routco, and Mil-Tec. All five 
brands are sold worldwide, and are supported 
by shared research, design, engineering, man-
ufacturing, marketing, and sales facilities.

Dave Povich, owner and president of 
Tool Alliance, who is a past-president of the 
United States Cutting Tool Institute (USCTI), 
has worked for the company since 1987. 

“NUM is our CNC technology partner, which 
creates a win-win situation for both compa-
nies. We benefit from having a direct tech-
nical input to NUMROTO software develop-
ment, while NUM gains valuable feedback on 
the design and production of the very latest 
cutting tools,” Povich said.

Tool Alliance’s innovative Ultra-Tool 
Series 365 high-performance end mills are 
a case in point. Designed specifically for the 
machining of exotic materials, these solid 
carbide tools feature a patented variable-
helix geometry combined with a proprietary 
edge preparation/PVD coating combination 
that allows for world-class dynamic milling 
of tool paths, including most slotting cut 
applications. The tools are produced on high 
performance 5-axis CNC grinding machines 
using NUMROTO, employing monitored tool 
run-out, real-time deviation compensation 
and the latest diamond abrasive technology 
using advanced wheel truing equipment.

“The NUMROTO team is very supportive 
and always amenable to suggestions, which 
makes life a lot easier for us, as well as our 
customers,” said Mark Wortsman, Tool 

Alliance’s technical director. “For example, 
we recently suggested adding categories for 
collets, and some new features for wheel 
probing and automatic 3D collision check-
ing; these have all been implemented in the 
latest version of NUMROTO software.”

NUM’s software also helps simplify shop 
floor management. “Over the years we 
have built an extensive library of tools that 
we have produced with NUMROTO,” said 
Wortsman. “The NUMROTO team has done 
a superb job of incorporating the library in 
a centralized industry-standard SQL data-
base which can be accessed by any of our 
machines or programming stations. The 
database can store tens of thousands of tool 
programs which can be accessed by several 
hundred users – at the same time if needed.”

Many of Tool Alliance’s CNC grinding 
machines are equipped with automatic load-
ing systems to facilitate overnight produc-
tion — in fact, some run for two days in a 
row without interruption and without the 
need for any manual compensation. To keep 
the tool dimensions within tolerance, the 
company relies on the NUMROTO software’s 

‘measurement in process’ feature, which 
automatically measures tools after grind-
ing and applies appropriate compensation.

NUM will be exhibiting at the 
GrindingHub trade fair in Stuttgart, 
Germany, from May 17-20, 2022.

MORE INFO www.num.com

Tool Alliance has chosen to standardize the control systems of all its CNC grinding machines on NUM’s Flexium 
CNC platform and NUMROTO software. (Courtesy: NUM)

http://www.num.com
http://steelforge.com
http://mfgtalkradio.com
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Rego-Fix strengthens 
OEM technical support 
team with new hire
With the utmost technical support in mind, 
Rego-Fix has added Mark Ohlfest to the com-
pany’s OEM technical support team aimed at 
strengthening ongoing relationships with 
original equipment manufacturers (OEMs).

Ohlfest will work with Rego-Fix OEM 
team manager Bryan Bannister to help 

oversee all such business part-
nerships throughout North 
America. In his new position, 
Ohlfest will also provide sup-
port, assistance, and collabora-
tion with other members of the 
Rego-Fix global OEM team as 
needed.

“Our industry partners — 
machine tool builders and cut-
ting tool manufacturers — rely 
on our products, and we offer these partners 

a specialized form of support as 
well as optimal toolholding,” 
said Bannister. “With Mark 
as part of the OEM technical 
support team, we can further 
enrich these relationships and 
allow partners to ensure their 
customers receive the best pos-
sible service and support as well 
as the most advanced technol-
ogy.”

With more than 30 years of experience in 
manufacturing, Ohlfest brings his expertise 
in CNC programming, mold design, appli-
cations engineering, and account manage-
ment to Rego-Fix. He has an extensive back-
ground in CNC programming, 2D and 3D 
CAM software, and high-speed 3- and 5-axis 
machining.

MORE INFO www.rego-fix.com

Jergens Inc. names new 
international product, 
business manager
Jergens appointed Scott Halfhill to succeed 
Mark Kubik as its international product and 
business manager. Kubik announced his 
retirement effective April 8. Halfhill joins 
Jergens with more than 20 years of leader-
ship and business 
development expe-
rience in manufac-
turing, including 
e xtensive work 
within the automo-
tive industry.

Scott will pro-
vide direction for 
international sales 
growth strategies, 
as well as support for sales and training at all 
Jergens wholly owned facilities around the 
world. In addition, he will continue develop-
ment of Jergens distributor network.

In his career, Halfhill has used Six Sigma 
and lean methodologies to achieve next level 
results in process control and design, opera-
tional efficiency, and business unit perfor-
mance. His experience in business, domestic 
and international, also includes P&L respon-
sibility, KPI metrics, market strategies, and 
new product development.

“Scott is a really capable individual, with 
a mindset of organization and a flare for 
process-driven results, and on top of that 
he’s a really personable guy, so we see him 

Mark Ohlfest

Scott Halfhill

INDUSTRY 
NEWS
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thriving at Jergens,” said Matt Schron, gen-
eral manager of Jergens. “His abilities as a 
strategic planner will be utilized in this role 
and we’re excited to continue our growth 
and development in emerging markets 
among others

Halfhill is a former mechanic, crew chief, 
flight engineer, and unit trainer for the 
101st Airborne Division of the United States 
Army, a well-known and elite light infantry 
division with a storied history of excellence 
for achieving peace and liberation. Scott has 

a Bachelor of Science in organizational psy-
chology from High Point University.

MORE INFO www.jergensinc.com

New dates set for 
popular Klingelnberg 
WebSeminars 
Due to the high demand and immense 

popularity of the WebSeminar series, 
Klingelnberg has put together a “best of” 
list of all past events. From April to June 
2022, prospective attendees will again 
have the opportunity to learn about cur-
rent trends and the latest happenings at 
Klingelnberg.

After many exhibitions were canceled 
in 2020 due to the coronavirus pandemic, 
Klingelnberg took the initiative of launching 
its own WebSeminar series. Since then, more 
than 3,000 participants worldwide have 
taken part. The WebSeminars are presented 
live in German and English. Attendees can 
participate in an open Q&A session and chat 
with the experts.

The dates and topics for April through 
June 2022 are now available at the company’s 
website.

MORE INFO www.klingelnberg.com

GMTA now North 
American distributor for 
WEMA Glauchau GmbH 
German Machine Tools of America is now 
the North American distributor of WEMA 
Glauchau GmbH. 

WEMA’s internal grinding machines 
maximize operating times with more effi-
cient and integrated procedures. A repeat-
edly allocable tool and workpiece headstock 
are guided on up to six axes with an accu-
racy of 0.1 μm. WEMA SI is scalable and is 
adapted to the clients’ needs through spe-
cific mounting for the greatest machining 
efficiency. Powerful drives ensure quick 
availability with additional work and 
peripheral modules reducing costly non-
productive times. Available in four differ-
ent series (S2I, S3I, S6I and S10I), it offers 
machining of chuck and shaft-shaped parts. 
In addition, the internal grinding machines 
are equipped with internal cylinder/ cone, 
internal polygons, internal screw threads, 
up to four applicable grinding tools, and 
high rigidity through the use of cast beds/
hydropol beds. 

With WEMA SU, universal grinding 
machines are available for the complex task 
of three-way machining of all major work-
piece sizes. The machines are equipped 
with external and internal grinding units. 
Clamping operations provide decisive effi-
ciency and precision benefits. WEMA’s 
technology enables machines to perform 
highly complex operations, while peripher-

A PERFECT MESH
American ingenuity, service and support teamed  
with Japanese efficiency, quality and technology.

100+ Years of Manufacturing Gear Hobbing Machines
8 Models of Machines from 50 to 1000mm

70+ Years of Manufacturing Gear  
Inspection Machines
Machine Models to 850 OD Capacity

Phone: 586-329-3755  \  Fax: 586-329-3965
rodney.soenen@involutegearmachine.com  \  www.involutegearmachine.com

KPS 201 GEAR  
SKIVING MACHINE

CLP-85 DDS  
GEAR TESTER

KN 152 CNC  
GEAR HOBBER

GTR 25 DOUBLE  
FLANK GEAR ROLLER 

INDUSTRY 
NEWS

http://www.jergensinc.com
http://www.klingelnberg.com
mailto:rodney.soenen@involutegearmachine.com?subject=Referred by Gear Solutions
http://www.involutegearmachine.com
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al modules permit greater flexibility. These 
machines’ features include up to three 
swivel axes, machining of four sides in one 
clamping operation, machining of chuck 
and shaft-shaped parts, and external grind-
ing wheels with a maximum diameter of 
600 mm. WEMA SU also offers additional 
features such as four insertable internal 
grinding tools, four external grinding tools 
and cones, polygons, etc. 

The company’s external grinding 
machines can machine parts up to 1,500 
kg with external lengths of Ø 600 mm and 
2,700 mm. Grinding wheels are available 
in Ø 500, 600, and 750 mm. Typical work-
pieces include railway axles, rollers, pipes, 
and shafts. 

Assemblies of the roller bearing grind-
ing machines feature a strict modular 
structure used for various operations. One 
is for sequential internal, external, and rim 
machining operations. Another is for simul-
taneous internal and external machining 
operations. Other modular structures are 

used for external machining operations, 
internal machining operations, and rim 
machining operations. Machining jobs can 
be carried out on single or multi-row outer 
rings (OR) and inner rings (IR) of diverse 
bearing types. Notable features on these 
WEMA machines include three different 
types of milling centers (SW3, SW6, SW10), 
grounding of borings and tracks of inner 
rings, as well as tracks and outer diameters 
of outer rings. Outside rings have a diam-
eter of approximately 300 mm to 900 mm. 
Shoulders, rims, etc. can also be ground 
and different grinding operations can be 
performed in sequential or simultaneous 
grinding procedures. 

Although the company’s grinding 
machines cover a wide range of possible 
applications, they also build and design 
grinding machines to order ranging from 
more or less customized adaptations to com-
plete designs of the machine.  

MORE INFO www.gmtamerica.com

MI cuts gears 
to 250 inches 
in diameter and
grinds gears to
102 inches in
diameter. 

MI provides full
service gearbox
repair & testing
for dependable
overhaul and
enhancement of
gear drives. 

Machinists Inc.

800 / 244.4130
www.machinistsinc.com

ISO 9001 certified

From single
parts to complete

manufacturing
systems

Call us about 
your project

Dr. Hartmuth Müller, left, and Dr. Christof Gorgels are co-sponsors of the popular Klingelnberg WebSeminar 
series. (Courtesy: ©Klingelnberg)

The WEMA S6U universal grinding machine. (Courtesy: German Machine Tools of America)

http://www.gmtamerica.com
http://www.machinistsinc.com
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Workforce issues are hurting all industries

M
anufacturing, you are not alone. The question we ask 
to our members frequently is: What is keeping you up 
at night? One of the most repeated answers, year after 
year, is that we don’t have enough employees to get the 

job done – we need a larger workforce. “The manufacturing skills gap 
in the U.S. could result in 2.1 million unfilled jobs by 2030,” accord-
ing to a new study by Deloitte and The Manufacturing Institute, 
the workforce development and education partner of the National 
Association of Manufacturers (NAM). “The cost of those missing jobs 
could potentially total $1 trillion in 2030 alone.”

This alarming statistic is not going unfelt. Gear manufacturers 
are noticing the room available in front of their machines not cur-
rently operating because there is no one there to do it. Job lead times 
are growing by the second from this enormous skills gap and result-
ing in loss of business. But, after a recent conference that I attended 
regarding resiliency in the military hosted by the Naval Institute, 
I can tell you everyone is feeling this pain, 
including the U.S. Armed Forces. That doesn’t 
necessarily make readers feel better, but it does 
demonstrate that perhaps it is something out 
of our complete control. 

At the conference, 64 individuals from all 
backgrounds gathered to discuss how to make 
the sea services in the military more resilient 
— and the No. 1 answer was to find more tal-
ent and build up the current members they 
do have for retention. Does this sound famil-
iar? The upcoming generation slotted to fill the outgoing leaders 
are looking for different things: work-life balance, work-from-home 
opportunities, better pay, a path for easier advancement, and they 
want to be heard by their leadership. If you thought manufacturing 
struggled with some of these, try being a centuries-old establishment 
that literally thrives on tradition and not change. 

The good news is people in the room saw potential for innovation 
and encouraged each other to try new things. I, of course, coming 
from the manufacturing association sector (I was the only one), was 
able to share stories of how our members tried new programs and hir-
ing practices to entice people to try working in the gear world. Some 
of this translated into results that might actually help the leaders 
there — better marketing, a 360-degree feedback loop, advancement 
paths that might be unconventional, and making sure those at the 
top understand what is actually happening on the front lines. 

If you are looking to fill some positions, here are some of the key 
takeaways:

 � Recruit employees where they are easily found. This sounds obvi-
ous, but people don’t seem to be going the extra step to find future 
employees outside of putting an advertisement in a newspaper or 

online. It helps to physically go to trade schools and talk to students, 
send someone from your company to a classroom, and give a real 
presentation about manufacturing, go to job fairs, and start meeting 
people face to face. 

 � People want to work somewhere that acknowledges work-life bal-
ance. At this conference, a big issue brought up was the military 
doesn’t accommodate spouses and children easily but asks a lot of 
them. In manufacturing, this can be true, too. The hours can be chal-
lenging; the work is hard, and, sometimes, machine operators and 
engineers have deadlines that keep them from getting home on time. 
Try involving the spouse or family in the hiring process. Have them 
take a tour of the facility, too. Encourage family days, where the com-
pany sponsors lunch and activities for employees and their support 
system. When the family is taken care of, the employee tends to be 
able to focus on work more. 

 � Show future employees the track they can take to grow within the 
company. As a millennial myself, I can attest 
that this is one of the most important things a 
job can do for me. If people can see themselves 
in five years at your company, then they can 
see themselves in 20. Show them a career, not 
a job. This also means you need to create a cul-
ture where the growth opportunity is there. Ask 
them what they want to do and show how that 
translates into your business. 

 � Give future employees and current ones the 
BIG picture. If you tell someone they make a part 

using a machine, it might sound interesting for about three seconds. 
Now, if you explain that your company plays a big role in the global 
economy to help create parts that go into emerging technologies such 
as robotics, life-saving medical tools, machinery sent into space, and 
literally is the only reason people don’t have to walk everywhere, you 
might get their attention for longer. Additionally, giving them the 
big picture will give them a sense of pride in what they do. Upcoming 
generations like to know they make a difference, and every member 
we have at AGMA does, so try to share that with your staff. 

Manufacturing and the military might be two very different 
things, but both are extremely important to the infrastructure of 
not only the U.S., but to the world and the innovation of technology 
and the economy. It is obvious the workforce and skills gap challenges 
are far reaching and maybe there is not just one right answer, but 
instead a chance to learn from one another on how to keep both 
sectors successful in development. 

As a gear manufacturer or supplier, if you are ever looking for 
more tools and resources to help your business, contact Membership 
Director Rebecca Brinkley at brinkley@agma.org to find out how 
AGMA can help you.

Jenny Blackford
Vice President of  
Communications
AGMA

Rebecca Brinkley
AGMA Membership 
Director

American 
Gear Manufacturers
Association

mailto:brinkley@agma.org?subject=Referred by Gear Solutions
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Upcoming Education

Basic Training for Gear Manufacturing - Spring 
April 4-8 | Chicago, Ilinois

Learn the fundamentals of gear manufacturing in this hands-on 
course. Gain an understanding of gearing and nomenclature, prin-
ciples of inspection, gear-manufacturing methods, and hobbing and 
shaping. Using manual machines, develop a deeper breadth of per-
spective and understanding of the process and physics of making a 
gear as well as the ability to apply this knowledge in working with 
CNC equipment commonly in use.

Fundamentals of Gear Design and Analysis
April 19-21 | Clearwater Beach, Florida

Gain a solid and fundamental understanding of gear geometry, types 
and arrangements, and design principles. Starting with the basic 
definitions of gears, conjugate motion, and the Laws of Gearing, 
learn the tools needed to understand the inter-relation and coor-
dinated motion operating within gear pairs and multi-gear trains. 
Basic gear system design process and gear measurement and inspec-
tion techniques also will be explained. In addition, the fundamen-
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AGMA has over 1,000 Twitter followers! Join the conversation @agma

tals of understanding the step-wise process of working through 
the iterative design process required to generate a gear pair will be 
reviewed. Learn the steps and issues involved in design refinement 
and some manufacturing considerations. An explanation of basic 
gear measurement techniques, how measurement equipment and 
test machines implement these techniques, and how to interpret the 
results from these basic measurements also will be covered. 

How to Navigate Recent Tariff and Trade Law Changes 
to Protect Your Supply Chain, Lower Costs, and Grow 
Export Markets
April 20

While still young, this year has already seen the launch of impor-
tant new U.S. trade and tariff initiatives that will have a significant 
impact on U.S.-based bearing and gear manufacturers and consum-
ers.  In this webinar, our panel of trade experts will explain these 
developments, how they will affect your business, and how you can 
be prepared to take advantage. Topics covered will include:

 �How new agreements with the European Union (and possibly 
Japan and the U.K.) will shape steel and aluminum markets in 2022.

 � The status of U.S. and EU proposals for “carbon border measures” 
that may raise costs or open new market opportunities.

 �New tariffs on imports from China.
 � Prospects for obtaining tariff exemptions and reductions for 

key imports.

Design Basics for Spur and Helical Gears
May 12  

There is a distinct difference between “designing” a gear and “opti-
mizing” a gear design. In this course, we will address the optimi-
zation process via an understanding of those factors beyond basic 
bending and pitting ratings. Optimization may focus on load capac-
ity, economy of production, or minimization of overall gear system 
envelope. In this course, we will learn how to improve gear designs 
via optimization and gain new insight into concepts presented 

through illustrations and demonstrations. Explore all factors that 
go into good gear design from life cycle, load, torque, tooth, optimi-
zation, and evaluating consequences. 

Networking opportunities: 
Get excited for SRN
2022 AGMA Strategic Resources Network (SRN)
June 1-3 | Nashville, Tennessee

The AGMA Strategic Resources Network (SRN) is a group that brings 
together AGMA members who are at all stages in their gear-industry 
careers. The goal of the SRN is to provide a dynamic, educational, and 
collaborative forum to help participants grow, both within the indus-
try and the association. The 2022 SRN meeting is the perfect place for 
members to gain knowledge on leadership, best business practices, 
AGMA resources, technology, and professional development. Come 
for the expert knowledge but stay for the endless networking and 
connections, all in the exciting city of Nashville, Tennessee.

Preparing for FTM
2022 FTM Call for Peer Reviewers
Peer reviews open: June 13

Peer reviews close: July 15

All technical papers presented at AGMA’s Fall Technical Meeting 
undergo a thorough review process to ensure their quality and rel-
evance to the AGMA audience. This process is coordinated by AGMA 
staff and the members of the Technical Division Executive Committee 
(TDEC), who solicit the assistance of three people to review every 
paper. Peer reviews for AGMA’s FTM papers are between mid-June and 
mid-July 2022. The 2022 Fall Technical Meeting will be October 17-19 
at the Crowne Plaza Chicago O’Hare in Rosemont, Illinois. 

http://www.agma.org
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AGMA LEADERSHIP

CALENDAR OF EVENTS
Whether you’re looking for technical education, networking opportunities, or a way for your voice to be heard  
in the standards process, AGMA has something to offer you. If you would like more information on any of the  
following events, visit www.agma.org or send an email to events@agma.org.
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General requests: webmaster@agma.org  |  Membership questions: membership@agma.org  |  AGMA Foundation: foundation@agma.org  

Technical/Standards information: tech@agma.org  |  MPT Expo information: mptexpo@agma.org
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Matt Croson: President

Amir Aboutaleb: VP, Technical Division

Jenny Blackford: VP, Marketing

Randy Stott: VP, AGMA Media

Greg Schulte: Chairman
Bonfiglioli USA

Michael Cinquemani: Treasurer
Master Power Transmission

Michael McKernin: Chairman, BMEC
Milans Machining and Gear Manufacturing

Todd Praneis: Chairman, TDEC
Cotta Transmission Company, LLC

John Cross: Chairman Emeritus
ASI Drives

Craig Burriss: Industrial Gear Group

Zen Cichon: Innovative Rack & Gear Company

Brian Coclich: CGI, Inc.

Greg Estell: The Estell Group LLC

Adam Gimpert: Helios Gear Products

Mushtaq Jamal: Bevel Gears India, Pvt, Ltd.

Ruth Johnston: Croix Gear & Machining 

Scott Miller: Caterpillar, Inc.

Eric Van Rens: Schafer Industries

Robert Rye: Cincinnati Gear Co. 
Sara Zimmerman: Sumitomo Drive Technologies
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April 14 — Gear Accuracy Committee Meeting — WebEx

April 19-21 — Fundamentals of Gear Design and Analysis — Clearwater Beach, Florida

May 12 — Design Basics for Spur and Helical Gears — WebEx

May 12 — Gear Nomenclature Meeting — WebEx

May 17-19 — Gear Manufacturing and Inspection — St. Augustine, Florida

May 24 — Metallurgy and Materials Committee Meeting — WebEx

May 26 — Bevel Gearing Committee Meeting — WebEx

June 1-3 — Strategic Resources Network (SRN) — Sheraton Grand Nashville, Nashville, Tennessee

June 2 — Gear Accuracy Technical Committee — WebEx

June 8 — Aerospace Committee — WebEx

June 21-23 — Gear Failure Analysis — St. Louis, Missouri

June 30 — Materials and Metallurgy — WebEx

http://www.agma.org
mailto:events@agma.org?subject=Referred by Gear Solutions
mailto:webmaster@agma.org?subject=Referred by Gear Solutions
mailto:membership@agma.org?subject=Referred by Gear Solutions
mailto:foundation@agma.org?subject=Referred by Gear Solutions
mailto:tech@agma.org?subject=Referred by Gear Solutions
mailto:mptexpo@agma.org?subject=Referred by Gear Solutions
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Imagine evaluating waviness on a sub-micron level. Gear 
inspection solutions can enhance productivity with a single, 
compact platform for the inspection of gears – even fi ne 
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Vibratory bowl gear polishing inefficiencies

and durability increases generated by the reduced roughness and 
improved surface texture that they generate. 

Isotropic super finishing processes are conducted in a vibratory 
processing bowl fostered by the application of appropriate refine-
ment chemistry, a burnish soap, and the vibratory bowl filled with 
an appropriate shape of HDNA (high-density, non-abrasive) media. 
Heat-treated gears (typically fabricated from carbon steel) will react 
with the refinement chemistry to form a soft conversion coating. In 
the process, the HDNA media engages the tooth flank surface, not 
as a mechanical abrasive tool, but rather as a wiping instrument. 
As the media slides along the flank surface, it wipes the coating 
from surface asperities beginning a planarization action that over 
a short period generates an asperity-free surface with an enhanced 
surface texture for lubricant retention free of lambda-layer asperity 
breakthrough. A sequential burnish removes the conversion coating 
leaving tooth flanks with a final Ra value ≤ 0.1μm or ≤ 4μin.

MEDIA VOLUME INEFFICIENCY
The most common inefficiency in isotropic finishing is a low media 
level. Media is a wear item in the process and has an attrition rate. 
With each passing hour, each piece of media decreases in volume. 

The process is visually non-apparent within the course of a day’s 
production but becomes noticeable over several weeks of processing. 
Visually, the volume of media in the vibratory machine begins to 
drop. Low media volume is such an insidious problem that its occur-
rence impacts performance negatively in a number of ways.

PART-ON-PART CONTACT
Not only is the media mass the tool used to wipe the conversion coat-
ing, thus planarizing surface asperities, but it additionally serves to 
keep gears in the vibratory bowl separated from one another. If ISO 
Work Instructions or the like are prescribed for gear isotropic super-
finishing, operators may load the vibratory bowl accurately with 
the correct gear count run-after-run, and if media level is allowed 
to gradually reduce, then the propensity of part-on-part damage is 
increased simply because the volumetric mass of media present to 
maintain proper separation is also reduced. 

INCREASED PROCESSING TIME
As noted above, media is the tool utilized to wipe the conversion 
coating, thereby planarizing surface asperities. As the media volume 
decreases in size, so too does the volume of tooling within the vibra-
tory bowl to perform the planarization process. The counter-effect of 
having too little media, and therefore too little tooling in the vibra-
tory bowl, translates to a longer processing time required to achieve 

the desired isotropic final surface finish. There is simply less tooling 
available to get the job done.

DECREASED APPLIED WIPING FORCE
As the volume of media decreases in the bowl, so too does the col-
umn of media above the gears in the machine. Gravity presses the 
media mass downward onto the gears as they roll. Most notably this 
action occurs at the vibratory bowl’s center hub where the gears 
and media mass plunge downward. With a low media mass in the 
vibratory bowl, there is simply a shallower column of media above 
the parts applying less pressure on tooth flank conversion coating 
wiping action.

MEDIA LODGING: TOOTH FLANK CONTACT 
INEFFICIENCY
In a hypothetical example, let us assume that media loaded into 
your gear processing vibratory bowl is a one-inch cube. Media attri-
tion decreases the volume of each piece of media as a function of 
processing run time. If the media level is not topped-off periodically 
— because the operators have found it is far easier to hand unload 
a vibratory bowl that has a smaller media volume — the amount 
of force each piece of media can bring to bear on conversion coat-
ing wiping action is decreased as well. If the one-inch cube were to 
decrease in volume to a half-inch cube, arithmetically its dimensions 
have been halved, but volumetrically its size is one-eighth its original 
volume. Media attrition is mathematically a function of the cubed 
root of volume. It takes eight one-half-inch cubes to equal the same 
volume as the original one-inch cube. The applied weight density of 
each half-inch media cube onto the surface of the gear tooth flank 
is one-eighth the weight density of its original one-inch cube vol-
ume. Less weight plus a shallower column of media above the gear 
result in an inefficiency in processing time.

The individual pieces and the collective mass 
are important to ensuring effective and efficient 
gear surface finishing results.

Increasing numbers of gearing projects are specifying isotropic 
superfinishing processes due to the demonstrated performance 

WILLIAM P. NEBIOLO
PRODUCT MANAGER   
 REM SURFACE ENGINEERING
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Insidious and ancillary to decreases in media volume per piece 
is the fact that the media, which at hour zero was at the correct size 
and shape not to lodge in gear teeth, is probably now at the size and 
shape where this will occur. If you must provide FOD-free gears to 
your customer, you are now entering a danger zone.

FLUID RETENTION: SOLUTION GEYSERING
As attrition results in a smaller volume of media in the vibratory 
bowl, it also results in a tighter packing of the smaller media pieces 
against one another. Within the media mass, there are void spaces, 
pockets of air, between each piece of media. Large media does not 
pack tightly; the void spaces between each piece are large, and pro-
cessing fluid drains efficiency from the void spaces and the machine. 
The tighter the media packs, the tinier the void space between each 
individual media piece. The smaller these pockets become, the more 
efficiently water surface tension can result in the retention of pro-
cessing fluids in the bowl. If you have ever seen a vibratory bowl 
operating wherein geysers of foaming processing soap shoot into the 
air and fall around the machine leaving a dangerously slippery floor, 

this is because the media mass is too low and the media remaining 
is tightly packed, resulting in fluid retention. Geysering is the result 
of introducing more fluid into the vibratory bowl than you can drain 
from the machine.

MAINTAINING THE CORRECT MEDIA VOLUME
Media level in a vibratory bowl, as measured at the O.D. rim, should 
not be lower than a two-inch gap when properly loaded to prevent 
the above inefficiencies.

SUMMARY/CONCLUSIONS
While a literally small part of the isotropic superfinishing process, 
media, both the individual pieces and the collective mass, are impor-
tant to ensuring effective and efficient gear surface finishing results. 
HDNA media has many advantages over traditional abrasive medias 
in terms of reducing the frequency of the above described issues 
(due to its greatly reduced attrition rate), but media volume must 
still be maintained if one is to obtain the many benefits of isotropic 
superfinishing. 

RHH, Inc.
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Time for an oil change

When you have to change the oil in your automobile, the specifica-
tion for the type of oil is clearly detailed in the service manual 

and, in many cases, it is also stamped on the oil fill cap. For gear 
trains, the selection of viscosity, additives, and other properties is 
set by the operating conditions. 

Gears require different types of lubricant depending on their 
operating conditions. A simple hand crack operation may not require 
any lubrication at all. Other applications that involve high speed, or 
high torque, might require an oil or grease lubricant.  

In order for any lubricant to work properly in a gear system, an oil 
film must be formed at the contact surface of the teeth in order to 
minimize friction and to prevent dry metal-to-metal contact. When 
deciding on a lubricant you need to consider a solution that has the 
properties listed in Table 1.

A key factor in selecting the best lubricant for your application is 
to determine the optimum viscosity of the lubricant. As detailed in 
Table 2, the viscosity grades of industrial lubricants are regulated in 
the standard JIS K 2001. 

There are some gear oils that are designed for industrial applica-
tions and others that are designed for automotive applications. Table 
3 is created from the data in standard JIS K 2219-1993: Gear Oils 
Standards. It shows the various viscosity grades and their suitable 
industrial applications. 

As there are many options available, it is most practical to select 
a lubricant by following the information in a catalog, a technical 
manual, or from the web site of a gear oil manufacturer, as well as 
following the JIS, JGMA, and AGMA standards. Table 4 details the 
proper viscosity for enclosed gears, as recommended by several gear 
oil manufacturers.

After making a choice about which grade of viscosity to select, 
taking into consideration the usage (for spur gear, worm gear pair, 
etc.) and usage conditions (dimensions of mechanical equipment, 
ambient temperature, etc.), then you can choose the appropriate 
lubricant. Table 5 details several options.

Worm gears require a different lubricant than other gearing as 
the material properties of worm gear pairs typically differ from that 
of other gearing. In most cases, the worm wheel is made from bronze 
or brass. If an oil with an EP additive is used, the active sulfur in some 
EP additives can react with the copper within the brass or bronze. 
Under the presence of heat, the sulfur, when in contact with copper, 
forms copper sulfide. This chemical reaction can have devastating 
effects on the gearing. When an EP oil is present in extreme pressure 
situations, copper disulfide can be formed. Both of these crystalline 
forms of copper are very hard and will cause abrasive damage to soft 
tooth surfaces of brass and bronze worm wheels. Table 6 details the 
reference values for proper viscosity gear oil that are recommended 
in accordance with the strength calculations per JGMA405-01(1976). 

Table 7 details some of the representative lubricants suitable for use 
in  worm gear pair applications.

In addition to gear oils, there are also gear greases. Dependent on 

There are specific requirements and lots of 
choices – what is the right lubricant for your 
gear train?   

Table 1: The properties that a lubricant should possess.

Table 2: ISO viscosity grade of industrial lubricant (per JIS K 2001).

BRIAN DENGEL
GENERAL MANAGER  KHK-USA

TOOTH
TIPS
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Table 3: Types of gear oils and their usage. (Above)

Table 4:  Recommended viscosity for enclosed gears. (Right) Note 1: Applicable for spur, helical, bevel, and spiral bevel gears where the working 
temperature (oil temperature) conditions should be between 10° and 50°C.

Note 2: Circulating lubrication or splash lubrication is applied.

Gears require 
different types of 
lubricant depending 
on their operating 
conditions. A simple 
hand crack operation 
may not require any 
lubrication at all. 
Other applications 
that involve high 
speed, or high torque, 
might require an oil or 
grease lubricant.
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the application, a grease may be better suited than an oil. Greases 
are sorted into seven categories that are further segmented by 
components and properties, and by consistency numbers. Table 
8 details the four categories of grease that are suitable for gear-
ing. These details are drawn from the standard JIS K 2220:2003 
Lubricating greases. Table 9 lists grease products from representa-
tive manufacturers.

When designing any gear application, it is imperative to account 
for the effects of friction and take measures to use an appropriate 
lubricant in the gear system. As one gear interacts with another 
gear, the motion is transmitted via surface contact. The interaction 
of these surfaces on each gear creates friction. The friction in turn 
creates heat and it is the heat of their interaction that causes prema-
ture failure of the gears. A good lubricant will minimize the friction 
and will allow for the gear to perform as designed. 

Table 7: Example of worm gear oils.

Table 6: Reference viscosity for worm gear lubrication.

Table 5: List of several industrial oils from representative oil manufacturers.

http://gearsolutions.com


April 2022     27

ABOUT THE AUTHOR Brian Dengel is general manager of KHK-USA, which is based in Mineola, New York. Go online to www.khkgears.us

Table 9: List of representative greases from various manufacturers.

Table 8: Grease types.
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A guide to creating a cleaning and washer control plan

In this column, I will discuss the control plan for a generic washer 
used for cleaning heat-treated parts.

Proper cleaning involves not only removing the various soils from 
the part, but also removing any residual cleaner residue by proper 
rinsing. This is a critical step and is often the cause of many problems. 
One-stage washers, with only a wash cycle, can leave a cleaner residue 
on the parts. The cleaner residue must be removed to prevent staining 
and attacking of parts by the residual cleaner residue. A good analogy 
would be a dishwasher full of dishes — the soap must be rinsed off 
the plates so as not to impart a chemical taste to food. Parts must be 
rinsed to remove any residual cleaner from their surface. Failure to 
remove cleaners during the cleaning cycle can result in problems such 
as caustic burn or rusting (Figure 1).

Improper control of the washer and rinse 
station can contribute to poor part appear-
ance, as well as damaged parts. Residues that 
would be easy to remove before tempering 
become impossible to remove after temper-
ing. Often, shot blasting is performed to 
clean surfaces, but this can cause part dam-
age to delicate threads or fine details.

The general effect of cleaning process 
variables on cleaning are shown in Figure 2.

CONTROL PLAN FOR WASHERS
It is important that the washer system be 
properly monitored to achieve the desired 
cleaning. A disciplined approach to washer 
and cleaner maintenance is critical if quality 
cleaning is to be achieved. 

There are two types of things to verify 
in a washer control plan. There are chemi-
cal items, which have to do with the soap, 
and there are mechanical items that are 
associated with the physical washer. We are 
going to concentrate on the cleaner side of 
the washer system.

The chemical items include concentra-
tion, pH, biologicals (fungus and bacteria), 
chlorine or chlorides, water hardness, and 
temperature.

CONCENTRATION
The concentration necessary for good clean-

ing is geared to the method of agitation. Thus, disregarding any foam 
problems, it is possible to get similar cleaning from the same alkaline 
cleaner at 8 to 12 oz./gal. by soaking, 1/2 to 1 oz./gal. by spraying, 1/10 
to 1/2 oz./gal. by steam cleaning, or 2 to 4 oz./gal. in a high-pressure 

water spray at room temperature.
The soap concentration should be prop-

erly controlled. More soap is not necessarily 
better, as it can leave residues, or excessive 
consumption. Follow manufacturer’s recom-
mendation for proper concentration control.

PH
The pH of a cleaner solution generally fol-
lows the concentration. For an alkaline 
cleaner, as the concentration is increased, 
the pH generally follows. Proper pH control 
is important to prevent rusting of parts or 
excessive residues. Again, follow manufac-
turer’s recommendations.

BIOLOGICALS
Biologicals (bacteria and fungus) are mea-
sured using dip-slides. While not directly 
related to the quality of cleaning, the 
presence of biologicals can produce some 
unpleasant odors such as a strong mildew 
smell or the smell of rotten eggs. Proper 
control of biologicals can reduce operator 
discomfort and a stinky shop. Use of biocide 
and fungicides is important to controlling 
these biologicals. There are also biostable 
cleaners on the market that do not support 
bacteria and fungus and reduce the reliance 
on hazardous (and expensive) biocides and 
fungicides.

A plan for the proper control of washers, 
including washers used before and after heat 
treatment, will result in excellent cleaning and 
long bath life.

Figure 1: Rusting and caustic burn resulting from improper cleaning and rinsing of 
parts prior to heat treatment.

TIME
�Increasing time increases cleaning

�Allows time to remove difficult deposits

TEMPERATURE
�Increasing temperature increases cleaning

�Dependent on cleaner

�Excessive temperature may cause rusting

AGITATION
�Increasing agitation increases cleaning

�Lifts deposits

CONCENTRATION
�Increasing concentration improves cleaning

�Diminishing return

�Increases likelihood of residual cleaner 
residue

PART ORIENTATION
�Must be adequate to allow cleaner to reach 
all parts

�Adequate part spacing (1T)

INFLUENCE OF PROCESS 
VARIABLES

Figure 2: Influence of process variables on proper 
cleaning of parts prior to heat treatment.
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CHLORIDES AND CHLORINE
Chlorides and chlorine can cause rusting on parts and the washer if 
the concentration gets too high. Chlorides and chlorine come from 
the water used to make up the bath. Evaporation of the water in 
the washer results in increased concentration of chlorides in the 
bath, and fresh additions of water further increase the concentra-
tion. If rusting is a problem, you can add corrosion inhibitors to 
prolong the life of the bath. However, should the chloride or chlo-
rine levels become excessive, it may be necessary to dump the bath 
and recharge it with fresh cleaner. Depending on the source of the 
water, it may be worth considering the use of reverse osmosis (RO) 
water to extend the bath life.

WATER HARDNESS
Water hardness depends upon the quan-
tity of chemical salts dissolved in the water. 
These salts, in the presence of heat or alka-
linity, may react to produce insoluble mate-
rial, which precipitates out of solution in the 
form of hard water scale. Unless this forma-
tion of hard water scale is prevented, several 
undesirable results are possible. The major 
undesirable result is the buildup of hard-
water scale. This scale may be precipitated on 
the heating coils of wash tanks, reducing the 
efficiency and wasting energy and money.

Scale may build up in spray nozzles 
and on belt conveyors, impairing cleaning 
efficiency. The effectiveness of the spray is 
reduced, and scale may block the solution 
from reaching and cleaning the objects on 
the belt. Scale may also build up in the rinse 
tanks in extremely hard water situations 
due to alkaline carryover of cleaner into 
the rinse tank. Hard water salts regularly 
react with fatty acid soaps to yield insoluble 
residues on parts being cleaned. The harder 
the waters, the greater the susceptibility to 
rusting of parts and the washer. Hard water 
is not conducive to good cleaning.

Water hardness, in ppm of calcium car-
bonate (CaCO3), is determined by the follow-
ing equation:

There are several other equations used 
to calculate water hardness, but this is the 
most common. A variety of different test kits 
can be obtained to measure the hardness, 
or ICP (Inductively Coupled Plasma) analysis 
can be used.

TEMPERATURE
The effect of temperature depends on the 
type of soil and cleaner. For most oil type 
soils, an increase in temperature reduces 
the viscosity of the oil, makes it more mobile 
and therefore more easily removed. There is 
a well-established principle that the rate of 

chemical reaction is doubled for every 10°C or 18°F increase in tem-
perature. Most industrial cleaning is carried out at temperatures 
of 140 - 180°F. However, excessive temperatures can result in “flash 
rusting” of the active surface. Therefore, most cleaners are designed 
to operate at temperatures around 140°F or lower.

A typical control plan for washers is shown in Table 1.

CONCLUSIONS
In this column, I described a generic control plan for the proper 
control of washers, including washers used before and after heat 
treatment. With proper control, excellent cleaning and long bath 
life will result. 

ABOUT THE AUTHOR D. Scott MacKenzie, Ph.D., FASM, is senior research scientist-metallurgy at Quaker Houghton. He is the past president 
of IFHTSE, and a member of the executive council of IFHTSE. For more information, go to www.houghtonintl.com.

Table 1: Generic control plan for industrial washer.

Concentration 

pH 

Bacteria

Fungus

Chlorine (ICP) 
 

Calcium (ICP)

Magnesium (ICP)

Hardness 

Temperature 
 

Verify system 
pressures

Verify cycle time

 
Verify oil skimmer or 
overflow is working

 
Check filtration for 
proper operation

Inspect exhaust 
equipment for proper 
operation

Verify nozzle 
alignment and 
proper functioning

Verify interior spray 
guards for location 
and function

If below minimum, add 
cleaner. If above, add water

Moves with concentration. If 
below, add pH booster.

If above, add biocide

If above, add fungicide

If above, add corrosion 
inhibitor or dump and 
recharge 
 
 

If above, dump and recharge. 
Investigate using softer water

If below, increase 
temperature. If above, 
decrease temperature.

If incorrect, adjust system 
pressure

If low, increase cycle time. If 
high, reduce cycle time

If not working, perform 
maintenance on skimmer or 
overflow

If not working, change filters 
or perform maintenance

If not working, perform 
maintenance 

If not working, perform 
maintenance 

If not working, perform 
maintenance

Depends on 
application

Depends on 
application

 

 
 
 

 
 
Depends on 
application 

Depends on 
application

Depends on 
application

Depends on 
application 

Depends on 
application

Depends on 
application 

Depends on 
application 

Depends on 
application
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A new method was developed to generate and 
simulate tool paths for conventional 5-axis machines 
to create helical gears with crowning following the 
generation principle.
By FEI SHEN, LUIS VEGA, MOHAMMADRAFI MARANDI, CHRISTOPH KOSSACK,  
JOSHUA TARBUTTON, and GERT GOCH

T
o manufacture gears, special machine tools and 
corresponding processes such as hobbing, shap-
ing, planing, profile milling, and broaching are 
usually needed. However, the huge investment 

in such gear machining is prohibitive for manufac-
turers, who only produce the gears in small batches 
on an annual basis. To overcome this economic prob-
lem in the manufacturing of gears, standard 5-axis 
CNC machines were proposed as an alternative tool 
for machining them, and a few approaches were pre-
sented to implement this gear-manufacturing meth-
od. However, machining helical gears with crowning 
or other modifications have been studied little. This 
article proposes an accurate method to manufacture 
helical gears with crowning modifications using a 
standard 5-axis CNC machine tool. As a gear-roughing 
process, milling using an end mill was selected where 
the tool movement follows the generation principle. By 
incorporating crowning modifications into the tool’s 
movement, an accurate tool path generation method, 
was developed. A CAM software written in C++ was 
developed to generate, visualize, and simulate the 
tool path for machining the gear according to user-
defined parameters. The tool path was subsequently 
post-processed into NC code to run on a CNC machine. 
To validate the generated NC code, an internal helical 
gear with crowning modification was machined on 
a conventional 5-axis CNC machine. The machining 
results confirmed that the proposed method is fea-
sible. The machined helical gears will be measured 
using optical and tactile CMMs to determine their 
deviation parameters. 

1 INTRODUCTION
Gears as a means of mechanical transmission play an 
essential role in vehicles, machine tools, wind-energy 
systems, and even toys. To manufacture the gears, spe-
cial machine tools and processes, such as hobbing [1], 
shaping [2], planing [3], profile milling [4], and broach-
ing [5], are usually needed. The common features of 
these machine tools are complex and expensive, and 
they are usually employed to manufacture large vol-
umes of products. However, the investment in such 
gear machining is prohibitive for manufacturers, who 
only produce the gears in small batches on an annual 
basis.

To overcome this economic problem in manufactur-
ing the gears, some researchers investigated the pos-

sibility of using the standard multi-axis CNC machine 
as an alternative tool. Suh et al. [6] proposed a method 
to produce spiral bevel gears on a 3-axis CNC machine 
with a rotary table. The rotary table was programmed 
to move simultaneously with the three linear axes. 
Later, Suh et al. [7] modeled the surface geometry of 
spiral bevel gears with crowning, and the method 
for machining crown gears by a 4-axis CNC machine 
was also implemented. Özel [8] proposed an approach 
for machining spur gears by using an end mill in the 
3-axis vertical CNC milling machine instead of any 
auxiliary apparatus, special machine tools, or special 
cutters. In this method, the end mill cuts the work-
piece in the layers of the XY planes of the spur gear 
along the face width of the teeth. Recently, Teixeira 
Alves et al. [9] presented the analytical surfaces of the 
spiral bevel gear and machined the gear on a 5-axis 
CNC machine. However, the accuracy of the proposed 
methods was rarely studied in detail. Özel [10] ana-
lyzed the cutting errors in the tooth profile of the 
spur gear manufactured in the CNC milling machine 
based on the technique proposed in [9]. One promi-
nent limitation of machine programming language, 
which controls the motion of machine axes and is 
employed in most of the modern CNC machines, is 
that the software must segment the curve into a finite 
number of linear or circular segments to profile cut a 
contour. Thus, the tool paths for cutting the gear flank 
were generated from linear segments, connected by 
the points sampled from the involute equations that 
define the surface of the left and right flank, sepa-
rately. The machine tool moves linearly along the lin-
ear segments when machining the gear flanks. Form 
errors were introduced to the involute profile of the 
tooth in this case.

To improve the accuracy of machining gears on the 
universal 5-axis CNC machine, Groover [11] proposed 
an approach for machining cylindrical involute gears 
based on the generation principle. In this method, the 
end mill travels along a straight line while the rotary 
axes rotate simultaneously with the end mill. The rota-
tional speed of the rotary table and linear speed of 
the end mill was kept as constant in the machining 
the gear flanks. Based on this principle, the cutting 
error involved in the previous methods by using linear 
segments to approximate the involute tooth profile 
was eliminated. The proposed method for machin-
ing external and internal spur and helical gears was 
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validated by machining experiments. The results show the form 
deviations of the gear flanks were less than 5 µm. However, flank 
modifications were not researched in his thesis.

Flank modifications are usually introduced to the gear flanks by 
intention to improve the meshing properties of gear pairs under all 
load conditions. Crowning is a common type of flank modification. A 
cylindrical gear with crowning modification has several advantages 
over a standard gear, such as reduced noise, longer lifetime, coherent 
contact pattern, and an advantageous stress distribution on the tooth 
surface [7]. In this paper, Groover’s method for machining cylindri-
cal involute gears on the standard 5-axis machines was extended to 
produce helical gears with crowning modification.

2 METHODOLOGY

2.1 THE GENERATION PRINCIPLE
A gear’s tooth surface is described by the involute of the base circle 
as shown in Figure 1. Such surface has two special properties. When 
two gears come into contact, the force direction is kept constant, 
and the gears roll with minimum friction. The parametric equa-
tions for the involute of a circle can easily be derived by adding the 
parametric equation of a circle as a function of some parameter x, 
shown in Equation 1, and the derivative of itself, shown in Equation 
2, times the variable x to give the resulting parametric equation 
shown in Equation 3.

The parametric equation of a circle, described as a vector of x, is 
the following:

 where
 rb is the base radius.
Taking the derivative and multiplying by – x gives the following 

result:

 Lastly, adding the vectors l1(x) and l2(x) gives the parametric 
form of the involute of a gear shown in Equation 3:

 l(x) is used as the basis for describing helical gear flanks. A gear’s 
tooth flank surface with a helix angle b equal to zero is defined in 
Equation 4:

2.2 3D EXTENSION TO HELICAL GEARS
The flank surface of a helical gear can be described by the involute of 
the base circle shown in Equation 3 as a function of some parameter q 
that varies the angular offset along the z direction. The angular offset 
can be achieved by multiplying a rotational matrix by the involute 
as shown below in Equation 6.

 A rotational matrix can be represented as:

 Then, an involute l(x,q) with an angular offset of q is defined as:

Since the angular offset varies linearly in the z direction, then L 
can be defined as function of z in the following form.

where
rp is the pitch radius of the gear.
The helix angle varies with radius from the origin as shown in 

Equation 8.

The flank-surface equation p(x,z) for a helical gear can be defined 
in the following form

where
T(z)  is a shorthand for T(L(z)) extended in ℝ3.

2.3 TOOL POSITION AND ORIENTATION
To properly position the tool in space following the generation prin-
ciple, the surface normal n(x,z) and the transverse direction t(x,z), 
defined by the intersection between the involute surface and a plane 
tangent to the base cylinder are derived as shown in Equation 10 and 
Equation 11, respectively.

where

becomes the tool orientation along the path q(x,z) from xmin to xmax. 
The flank-surface’s tool path, q(x,z), is defined by a tool radial dis-
tance, rt, away from the flank-surface p(x,z) with orientation t(x,z) 
as shown in Equation 12.

2.4 CROWNING MODIFICATION
There are two main directions in which crowning can take place, in 

Figure 1: Involute of a circle with numbered sections on the circle and their 
respective sections on the involute path, denoted by the points A0 through A5.

Equation 1

Equation 7

Equation 8

Equation 10

Equation 11

Equation 9

Equation 12

Equation 2

Equation 3

Equation 5

Equation 6

Equation 4
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the transverse plane, parallel to the gear’s faces, and perpendicular to 
a transverse plane, i.e., parallel to the gear’s axis. To stay as accurate 
as possible to the generation principle, rt and t(x,z), will be modified 
to be a function of x and z respectively, such that the variation of 
p(x,z) stays within some tolerance dp(x,z). The nominal tool radius 
distance function r(x) will vary from rt,min to rt,max such that crown-
ing is done in the transverse plane, leading to Equation 13.

where
r(x) = rt + Cay(x)
y(x) = 2/Δs(s(x) – smin) – 1 which varies linearly from -1 to 1 with 

respect to the involute arc length s(x).
s(x) is defined as 

Δs = smin – smax, where smin and smax are defined by xmin and xmax  
respectively.

Lastly, the amount of profile crowning, Ca, defines the material 
removal depth at xmin and xmax.

The second modification is the tool orientation tc(x,z) as a func-

tion of z, defined as rotational deviation from t(x,z) about direction 
v̂(x,z) and contact point o(x,z). Rotational axis v̂(x,z) is orthogonal 
with respect to n(x,z) and t(x,z) as shown in Equation 15 and Equation 
16, respectively.

where
j varies linearly as a function of z defined as, j(zmin) = –w, 

j(z1/2)  = 0, j(zmax) = w,
and z1/2 = 1/2(zmin + zmax).
The contact point o(x,z) also varies linearly by p(x,z1/2) ± s (z)

t(x,z1/2) . The helix crowning or lead crowning Cb, is defined in 
Equation 17.

The final commanded position qc(x,z) would then be written as 
shown in Equation 18.

3 SIMULATION RESULTS
Based on the equations derived in the meth-
odology section, a computer aided manufac-
turing (CAM) software written in C++ was 
developed to generate the roughing and fin-
ishing tool paths. A screenshot of the soft-
ware is shown in Figure 2. The software cre-
ates tool paths from gear generalized geom-
etry parameters pitch radius, pressure angle, 
face width, helix angle, and the number of 
teeth. The tool geometry section in the soft-
ware is used to define rt in Equation 12 and 
to calculate the speeds and feeds. Variables 
Ca and Cb can be changed to vary the crown-
ing shape. A simulation module, shown in 
Figure 3, was also developed to visualize and 
simulate the generated tool path by using 
a C++ library called a visualization toolkit 
(VTK) [12] as the graphics backend.

3.1 GENERATION OF ROUGHING  
TOOL PATHS
Using the surface normal and tool orienta-
tion during engagement between the tool 
and the gear’s f lank- surfaces based on 
Equation 11, linear interpolation between 
the right-flank and left-flank paths are gen-
erated to create the roughing paths. The 
roughing paths are shown in Figure 4. To use 
the full length of the cutter’s flutes, a less 
than 15% radial immersion is kept through-
out the roughing path to avoid chatter and 
extend the life of the tool.

3.2 GENERATION OF FINISHING  
TOOL PATHS
Paths that intersect the gear’s surface are 
deleted from the path array. Figure 5a shows 
a screenshot of the finishing paths. The inter-
nal gears surface is shown in ocean blue, the 

Figure 2: Screenshot of the CAM software for generating the tool paths for gear machining.

Figure 3: Screenshot of the simulation module of the CAM software.

Equation 13

Equation 14

Equation 15

Equation 17

Equation 18

Equation 16
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addendum and dedendum circles are shown 
in the blue inner circle and blue outer circle, 
respectively; the base circle is shown in red, 
and the pitch circle is in black. The orange 
trajectories show the engagement sections 
between the cutter and the gear’s surface. A 
more detailed depiction of the tool engage-
ment can be seen in Figure 5b and Figure 5c.

The right flank’s path has an extra sweep-
and-twist move that removes material at the 
tooth tip to follow the generations principal 
along the tooth tip region. The motion can 
be seen more clearly in Figure 5b. The left-
flank’s finishing path is not fully machined 
during the first operation as seen in Figure 
5c; this is because as the tool approaches 
the tooth-tip region, the tool intersects the 
right flank before the tool is able to finish 
the left-clank surface using the generation 
principal. Once the first operation is fin-
ished, the gear is flipped over, and right-
flank’s finished pass is repeated to finished 
cutting the region that is not reached by the 
first operation.

4 EXPERIMENT RESULTS
An internal gear with crowning modifica-
tion was machined on a desktop 5-axis CNC 
machine, shown in Figure 6, to validate the 
generated tool path. The machining result 
of the internal gear is shown in Figure 7a. 
The left and right flanks of the machined 
internal helical gear are shown in Figure 7b 
and 7c, respectively.

The tooth-tip region has a rough surface 
finish. A single flute end mill was used for 
the finishing pass, a ball end mill for the fin-
ished pass may fix the surface finish at the 
tool tip region as the simulation results do 
not provide any clue or reasoning behind the 
surface finish around the tip region. Further experimentation needs 
to be done to provide an acceptable finish around tool tip region.

The next steps would be to provide measurements evidence of 

the surface crowning using tactile and optical methods. Surface 
measurement would provide a map of surface deviations between 
the machined surfaces vs. the theoretical crowning surface and the 

Figure 4: Roughing path simulation as cutter travels 
along tooth’s exterior material (above).

Figure 5: Finishing pass simulation as cutter travels 
along tooth surface; (a) camera angle 1, camera 
angle 2, (c) camera angle 3 (right).

Figure 6: Setup of Pocket NC desktop 5-axis CNC machine for machining an internal helical gear.

Figure 7: Machined internal helical gear with crowning modification; (a) internal gear, (b) left flank, (c) right 
flank.
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machined surface vs. theoretical surface without crowning.

5 SUMMARY AND OUTLOOK
A new method was developed in this article to generate and simulate 
tool paths for conventional 5-axis machines to create helical gears 
with crowning following the generation principle. Preliminary simu-
lation results show the capability of the software to accomplish the 
task of generating the corresponding roughing and finishing tooth 
paths. An internal gear with crowning modification was machined 
to validate the proposed method. The machining result confirmed 
that the proposed method is feasible. In future work, tactile and opti-
cal measurements are planned to identify conventional and areal 
gear deviation parameters. 
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ANOTHER 
BREAKTHROUGH 
IN POWER 
SKIVING 

The on-board cutter sharpening process 
works seamlessly with Gleason’s closed-
loop system to exchange data directly with 
the gear metrology machine for automatic 
profile corrections on the production 
machine. (Courtesy: Gleason)
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Power skiving with integrated tool resharpening 
establishes new quality and cost benchmarks, 
revolutionizing manufacturing process and tooling 
concepts for hard gear finishing.
By DR. EDGAR WEPPELMANN

F
or the past decade, Gleason has been building 
power-skiving machines at its Gleason-Pfauter 
facility in Ludwigsburg, Germany. As the many 
benefits of this technology have become widely 

recognized, Gleason’s series of power-skiving machines 
has grown to include different sizes for internal and 
external gear cutting and finishing, up to 800 mm in 
workpiece diameter.

A POWER SKIVING BREAKTHROUGH
With most hard-gear finishing operations, power skiv-
ing takes the traditional approach: After a cutter has 
reached its maximum wear, the opera-
tor changes the cutter, enters or trans-
fers the cutter data, cuts the next work-
piece, takes it to the inspection room, 
waits for the first part inspection, and 
— if necessary — corrects the process 
by adjusting the machine parameters 
based on the findings in the inspection 
room before proceeding with serial pro-
duction. 

Because power skiving is a very fast 
process, cutter changes usually hap-
pen frequently and require operator 
action. Additionally, this procedure 
requires resources for cutter manage-
ment, handling and refurbishing worn 
cutters (resharpening and recoating), 
and, finally, returning cutters into the 
production flow. Running a seamless 
production requires an adequate cutter 
inventory to bridge refurbishing time of 
worn cutters.

REVOLUTIONARY ON-BOARD 
CUTTER SHARPENING
By adding the capability of sharpening 
cutters on the power-skiving machine, 
Gleason has taken a revolutionary step 
forward in raising the economy and 
quality of hard power-skiving applica-
tions. This feature enhances power-skiving results in 
virtually every significant area.

The fully-integrated, on-board sharpening unit is 
available for the vertical series of Gleason power skiv-
ing machines up to 600 mm in diameter. The cutter 
face can now be resharpened fully automatic in the 

machine after it has cut a certain number of gears — 
without any operator involvement. Cutter settings are 
adjusted automatically considering the removed stock 
and serial production is continued without further 
interruption. By the way, recoating of the tool’s cutting 
face is not required because the original coating on 
the tool flanks sufficiently protects the cutter teeth. 

With machine-integrated cutter sharpening, the 
quality of hard-finished gears becomes independent 
from the quality fluctuations of cutter refurbishing 
because it changes the production process completely:  
Cutters are sharpened directly within the manufac-

turing process, greatly reducing the frequency of cut-
ter change. A single cutter can stay on the machine for 
several days or weeks before it is completely used up. 

While cutters are resharpened more frequent-
ly, cutter change time is reduced to a minimum. 
Automatic cutter grinding cycles are executed in 

Gleason’s fully-integrated, on-board sharpening unit is available for the vertical 
series of Gleason power skiving machines up to 600 mm in diameter. (Courtesy: 
Gleason)
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time to make sure stock removal per grinding cycle can be kept 
at a minimum saving on valuable tool life. Cutters are not overly 
worn out before the optimum point for resharpening is reached. 
Power-skiving cutters remain sharp at any given time, resulting in 
constantly high gear quality. 

Additional time is saved since first-part inspection and machine 
corrections after a cutter change are no longer necessary because 
the current cutter simply stays in production until its end-of-tool life 
is reached. At the same time, this new process minimizes cost and 
reduces required capacities in the inspection room.

Cutter management and handling logistics for ordering new cut-
ters are greatly reduced, and even the cutter inventory is positively 
affected: Without the need for refurbishing cycles, fewer cutters are 
required to ensure a continuous production. With on-board sharpen-
ing savings in cutter inventory may total up to 80 percent of previous 
requirements, which can account for hundreds of thousand dollars 
per year.

FOR ALL APPLICATIONS
Integrated cutter sharpening can be applied to spur and helical step-
sharpened cutters. The process is extremely beneficial for the hard-
skiving process with carbide cutters. For resharpening, economic, 
standard grinding wheels can be employed. Grinding wheels don’t 
need to be dressed as they remain sharp due to a self-sharpening 
effect, which takes place during the resharpening process. When 
carbide cutters are used for hard power skiving, savings from the 
described process change are considerable. The danger of damaging 

expensive carbide cutters by improper handling is reduced as cutters 
stay much longer in the machine without being touched. The pro-
ductivity of the power-skiving process is not jeopardized by frequent 
resharpening cycles since this time loss is offset by time savings of 
replacing worn cutters less often.

CLOSING THE LOOP
The on-board cutter sharpening process works seamlessly with 
Gleason’s closed-loop system to exchange data directly with the gear 
metrology machine for automatic profile corrections on the produc-
tion machine. The machining process is supported by dedicated 
technology software to calculate the process and provide designs 
for required tools and workholding. For an even more comprehensive 
picture, power-skiving tool design can be verified within KISSsoft’s 
gear and transmission design software. Together with KISSsoft, 
Gleason offers a comprehensive suite of software solutions to make 
power skiving simple and reliable, with a complete closed loop from 
design to the optimum application-tailored gear.

ENTERING NEW FRONTIERS
Typical applications for power skiving of hardened gears are inter-
nal ring gears used in automotive conventional and e-drives, light 
and heavy truck transmissions, agriculture and construction equip-
ment, robotics, as well as many other industrial applications. Gleason 
power-skiving machines with integrated cutter resharpening ideally 
support these requirements for quieter, high precision gears, with 
lower direct and indirect tool cost. 

ABOUT THE AUTHOR 
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As compared to the typical cutter resharpening process, the new on-board unit is remarkably fast and simple. The machine’s axes position the cutter to the grinding 
wheel. The integrated cutter resharpening unit executes the necessary grinding strokes while the cutter performs the infeed and the indexing from tooth to tooth, all 
performed automatically and based on the cutter geometry that exists after a certain number of gears has been cut. (Courtesy: Gleason)
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EQUIPMENT-
AS-A-SERVICE: 
UNDERSTANDING 
ALL THE MOVING 
PARTS 

With equipment-as-a-
service, customers can fully 
concentrate on running their 
business on an operating 
expense (OPEX) basis without 
the need for costly capital 
expenditures (CAPEX). 
(Courtesy: relayr)
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From buzzword to buzzworthy, here’s how your 
business can succeed with a new revenue model. 
By KRISHNA YARRAMASU

B
y this point, those within the industrial market 
have likely heard the buzz surrounding equip-
ment-as-a-service (EaaS). This model has been 
around in one form or another for more than 

five decades. With the challenges facing the industry 
(inflation, continuing supply chain issues, ongoing war 
for talent, global trade risks, and a need to conduct 
business sustainability), EaaS is well-positioned to be 
a guiding light through the transition. 

EaaS is one aspect of digital transformation, and at 
its root, digital transformation is about three things: 
intelligence, connectivity, and people. Pursuing 
digital transformation in any existing company or 
business model changes its very nature, creating an 
entirely new ecosystem. And one thing is for certain 
about ecosystems: They undeniably affect everything 
within them. 

EaaS has come to mean different things to different 
people. That’s why, within this article, we’ll explore 
facets of the concept and the various revenue models 
and strategic directions within its ranks. 

One instance of an EaaS model is a pay-per-use 
model, where, if done correctly, EaaS helps improve 
the total cost of ownership by reducing operating costs, 
creating efficiencies, incorporating intelligence into 
the right processes, and reducing waste through the 
supply chain. EaaS is a win-win for the entire industrial 
market, regardless of function or role within the sup-
ply chain. Still, success comes with well-planned and 
strategic moves.

INTELLIGENCE AND CONNECTIVITY 
IN ACTION 
EaaS is essentially a process whereby machinery, equip-
ment, or production systems are not purchased out-
right. Rather, the useful output produced is offered as 
a service in exchange for a fee. 

Far more than a standard lease, this model places 
the responsibility for maintenance, service, repairs, 
and replacement with the party offering the equip-
ment-as-a-service model, who very often is the original 
equipment manufacturer (OEM). For these OEMs, EaaS 
provides a predictable and recurring revenue stream. 
Further, it allows for data-driven improvements that 
positively affect all value-chain elements, including 
product development, customer service, operations, 
and logistics.   

In turn, the customer can fully concentrate on run-
ning their business on an operating expense (OPEX) 
basis without the need for costly capital expenditures 
(CAPEX). This setup improves customer operations, 
revenues, and resiliency for both parties. This model 
is also known as servitization.

SUBSCRIPTION-BASED SUCCESS
There are a variety of subscription models to consider 
whether you’re using the services or providing them, 
and each comes with its own set of pros and cons to 
evaluate before adoption. Below are a few examples of 
subscription-based revenue models, though the route 
you decide ultimately depends on customer needs: 

 � Unlimited subscription: This approach allows for an 
unlimited quantity of machinery and services over a 
set time. 

 � Consumption-based: Also known as a pay-per-use 
basis. Often, this path doesn’t include a set commit-
ment to a duration of time. 

 � Predefined subscription: This model gives custom-
ers access to a set number of preferred services over a 
predefined period. 

 � Outcome-based: This model is all about pricing 
around the productive output of the equipment or 
production system. 

 � Subscription plus overages: This model uses pre-
defined usages over a specific duration. Any overages 
are billed based on actual use. 

 � Freemium: Basic services are free; charges occur 
for advanced or full features.   
    

IN THE END, IT’S ABOUT PEOPLE
Catchphrases, buzzwords, and those who use them 
unsparingly shouldn’t dictate these major decisions 
and ideological shifts within the industry. These 
business-critical decisions must come from a place of 
expert insight and meaningful dialogue with end cus-
tomers. The journey starts from understanding your 
desired business outcomes, which stem from a solid 
strategic plan.

For as much technology and technical talk sur-
rounding digital transformation, the true transforma-
tion begins with people and processes, involving far 
more than simply technology. EaaS will transform the 
way industrial companies do business. It has an impact 
on people, planning, research, development, manufac-
turing, marketing, sales, and services. Therefore, your 
strategy must be top-notch both in terms of how it’s 
defined and how it’s executed. Here are some best prac-
tices to consider: 

GAIN INTERNAL ALIGNMENT – 
COMMUNICATE THE ‘WHAT’ AND ‘WHY’ OF 
YOUR STRATEGY
Regardless of the means used to get there, it’s essen-
tial to build company-wide buy-in and establish digital 
transformation as part of top management’s — ideally 
the CEO’s — agenda. This approach acknowledges the 
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complexity of change required and signals to the organization that 
management is fully bought into change. 

Ensure people understand both “what” is trying to be accom-
plished and “why.” Once they understand the answers to these two 
questions, achieving internal alignment will be much less of a hurdle.

ESTABLISH A FIRM UNDERSTANDING  
OF YOUR CUSTOMERS 
Don’t make decisions for the sake of making decisions, and don’t make 
product or technology decisions for the sake of committing to the 
“latest and greatest.” Insist that all decisions—especially product and 
operational decisions—are always dictated by a firm understanding 
of customer needs and pain points. 

Ensure you find the right positioning and value proposition for 
your offering and, most importantly, commit to these decisions. These 
elements always dictate the technology and operational decisions, 
and not vice-versa.

In other words, stay focused. Think of the clients you serve today 
and the ones you want to attract. Value depletes when attempting to 
be everything to everyone.

IDENTIFY THE RISK AS BEST AS POSSIBLE 
Proper risk management will beat attempted risk aversion every time. 
There will always be unseen risks emerging at every step. EaaS typi-
cally involves more types of risks than typical loans or leases.

Understandably, risk management may take on a strategic life of 
its own. It’s best to build a comprehensive understanding of your risks, 
understand who takes on those risks (your partners, you, or your cus-
tomers), and have a risk mitigation plan for each. 

BE FLEXIBLE WITH YOUR CLIENTS’ NEEDS  
AND SERVICES 
To quote the great social scientist Gregory Bateson, “differences make 
a difference.” A best practice is to calculate customer-specific price-

point models based on lifecycle costs. This analysis factors into con-
tractual agreements. Catering to a customer’s specific situation shows 
you know and understand their business. Ensure that this thinking 
follows through in your development and execution with customers.

THINK IN TERMS OF THE BIG PICTURE;  
ACT IN TERMS OF MICRO-GOALS 
System-wide thinking helps establish a cadence for change. Nothing is 
more costly than meaningless moves unrelated to the larger picture. 
Strategize in terms of the entire ecosystem, not single initiatives, pilot 
programs, or start-and-stop mentalities. 

PREPARING FOR CHANGE
Transformation creates a new environment for your company and the 
services you provide. Making sure the right people are in the right 
seats will make a massive difference in your success. 

First, engage your existing staff and be clear on expectations, 
goals, plans, and how they can be most helpful. Communication 
with existing customers is equally as important. During this time 
of change, remember the three Cs of success: cooperate, coordinate, 
and communicate.

Once a thorough strategy is developed, glaring holes often emerge 
where personnel is missing. See a spot where a data scientist should 
be? Bingo, there’s a seat needing a hiring solution. 

Also, incorporate empathy in onboarding. Perhaps even have a 
dedicated onboarding team helping guide employees and custom-
ers through the maze of transformation. There will be questions, 
concerns, and comments. An onboarding team will help you capture 
those and expand the value of a digital transformation partner.

After all, the industrial market is a complex and ever-changing eco-
system transforming faster than many are ready or willing to admit. 
Connectivity has brought us quickly into the era of the equipment-
outcome economy, and EaaS is a win-win model for the industry that’s 
not going away soon. The once-future has arrived; are you ready?  

ABOUT THE AUTHOR 
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Equipment-as-a-service is 
essentially a process whereby 

machinery, equipment, or production 
systems are not purchased outright. 

Rather, the useful output produced is 
offered as a service in exchange for 

a fee. (Courtesy: relayr)
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Since 1942, Jergens Manufacturing has become 
one of the world’s largest manufacturers of 
standard tooling components, vises, and other 
workholding equipment.
By KENNETH CARTER, Gear Solutions editor

W
hen machining a job consisting of a mixture 
of hundreds of gears, time is literally money. 
So, the ability to quick change fixtures for 
heavy jobs becomes paramount.

To that end, the experts at Jergens Manufacturing 
have been developing workholding solutions to 
ensure practically any job can be done quickly and 
efficiently, pushing the company to become one of 
the world’s largest manufacturers of standard tool-
ing components, vises, and other workholding equip-
ment.

“We started making workholding and fixturing 
and clamping solutions for job shops,” said Matt 
Schron, general manager of Jergens Manufacturing. 
“But we’ve gotten more and more into 
quick-change fixturing and quick-
change setups. How do you sit down 
there and optimize your fixturing to 
make it as easy as possible? Our goal is 
to help customers get their fixtures on 
and off quicker so they can get their 
machine and spindle running faster 
as well.”

HIGHER MIX, LOWER VOLUME
In an industry where there is a lot of 
higher-mix, lower-volume produc-
tion happening, it becomes extremely 
important to get fixtures changed over 
in order to go from gear one to gear 
two as quick as possible so production 
can move fast while changeovers are 
reduced, according to Schron.

“A lot of the solutions we’re pro-
viding any manufacturing company, 
including the gear industry, is that option to be able 
to change over faster,” he said. “Some of our solutions 
can take setups from 45 or 50 minutes down to five to 
10 minutes for the setup and changeover. That’s what 
we’re really focusing on. And that’s really the value 
that we’re providing today: Going from where we were 
making a T-slot nut to really making quick-change 
solutions and providing solutions for our customers 
as well.”

And even though Jergens feels like it’s important 
to boast state-of-the-art fixturing solutions, the com-
pany is still offering components for any type of fix-
turing solution for any type of application, according 
to Schron.

“We can go from a basic setup to a tool room vise 
setup to a heavy-duty device setup to a 5-axis device 
setup to a production device setup,” he said. “And then, 
we can quick change it all, whether using our ball lock 
system or ZPS system. I think we’re a one-stop shop for 
quick-change fixturing solutions.”

CUSTOM DESIGN SHOP
To assist even further, Jergens offers a custom design 
shop to assist any challenge a customer may have, 
according to Schron.

“The thing that we’ve recently done in the last few 
years is we actually acquired a custom design shop, so 
you can come to us with any gear, any setup, any kind 

of fixturing need, and we can customize that setup as 
well,” he said. “If one of our standard options doesn’t 
work for you or doesn’t work in your application, we 
can customize it. There’s not one company that has 
the standard basic components or all the fixturing 
you would need to build your own solution and then 
going to the full custom solution that we offer. There’s 
no one that has that full breadth of expertise across 
that platform that we have.”

Jergen’s manufacturing facility is AS9100:2016 
and ISO 9001:2015 certified, and it maintains strict 
control of its processes from start to finish. This kind 
of control makes it possible for Jergens to meet tight 
deadlines and control costs with guaranteed quality.

Jergens will continue to help find more ways for its customers to automate. 
(Courtesy: Jergens)
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SOLVING CUSTOMER CHALLENGES
Having all that expertise available in house is important when cus-
tomers need their problems solved and solved quickly, according 
Schron.

“When they come to us, we listen to them,” he said. “I think I’ve 
hired more application engineers in the last year than any other 
position in our company, because we really want to be that turnkey 
solution provider, where we’re understanding their problem: What is 
it that you’re really trying to do? How are you trying to hold a part? 
How are you trying to position a part? What kind of faces? How are 
you machining it? And then we make sure we can get that position 
and that part set up and reduce the number of setups they can do 
and get the part they need produced as fast as possible.”

As a turnkey solution provider, Jergens can then take a customer’s 
challenge from design standpoint to the manufacturing standpoint 
without missing a beat, according to Schron.

“We even will go down and help them install,” he said. “We take 
that full turnkey solution when you have a problem, making sure 
we’re listening, designing, implementing, and installing at the same 
time.”

80 YEARS IN THE BUSINESS
There’s a big reason Jergens has been able to offer the best and bright-
est solutions during its 80-year history, and it boils down to the com-
pany’s people, according to Schron.

“Our employees are very loyal to us; they work hard for us, and 
they often want to continue to work for us,” he said. “We have a pro-
gram called the ‘Boomerang Club,’ where an employee will leave, find 
the grass isn’t greener on the other side, and come back, so it’s great.”

Being a fourth-generation business, Schron also points out how 
Jergens has grown.

“Most family businesses don’t last past the second generation, 
but we’re in the fourth generation, and we have even started hiring 
our fifth generation of family members for our business,” he said.

Quite the accomplishments for a company that began in 1942 

making airplane seat components for WWII, according to Schron.
“During that whole war-time efforts, you rationed so much steel, 

so much allocations, and you were supposed to make a certain part,” 
he said. “After the war, many manufacturing companies got into the 
idea of being a job-shop company.”

THE FUTURE OF AUTOMATION
Schron also emphasized that Jergens will continue to help find more 
ways for its customers to automate.

“That’s going to be the biggest thing for us, too; I think that this 
low-volume, high-mix type of production that’s going on is a trend 
in the industry,” he said. “Everyone wants customization of their 
product setups. They don’t want to buy a huge amount of stock and 
inventory. They’re not doing huge production runs. There is an oppor-
tunity to find ways to save money, reduce setups, automate those 
setups, and do it unattended.”

That trend Schron is talking about is also bringing about Jergens’ 
use of more palletized machines.

“We just bought a 30-pallet machine to produce our vises,” he said. 
“I think we’re going to see more and more of these palletized setups 
running, and I think that’s a trend in the industry that’s going to 
happen for us, too. It’s going to get smaller and smaller, faster and 
faster, quicker and quicker, over and over again.”

And Schron said Jergens is constantly looking for ways to auto-
mate by using robotics in combination with its standard products 
and using more hydraulics for clamping and unclamping.

“These are all solutions that we’re developing, and have available 
today, that I think that our customers are really asking for, because 
they’re trying to get more production on those off-shift hours run-
ning unattended,” he said. “And I think that’s where we’re really 
seeing the industries and trends going in the marketplace.” 

MORE INFO www.jergensinc.com

Jergens offers components for any type of fixturing solution for any type of application. (Courtesy: Jergens)
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Exact Metrology 
announces availability  
of the 2022 Artec Leo
Exact Metrology: A Division of In-Place 
Machining Company and a comprehensive 
3D metrology service provider and hardware 
sales company, now offers the 2022 Artec Leo 
from Artec 3D. With the new modifications, 
customers can experience guaranteed accu-
racy, more power, improved vibrant color 
capture, and multi-language interface. 

The new NVIDIA Jetson TX2 processor in 
this new version runs at more than twice 
the power of its predecessor, while consum-
ing fewer than 7.5 watts. Additionally, it’s 
equipped with multi-core processing with 
the NVIDIA Denver 2. This adds two cores 

and even more horsepower to what’s now a 
Heterogeneous Multi-Processor Architecture, 
with 2GHz on each of the six cores. The 2022 
Leo also features a new 3D scanning experi-
ence with a fresh new user interface and a 
screen that’s easier to use.

Accuracy is guaranteed with a new 
calibration certificate. To test the accuracy, 
every scanner is calibrated with highly 
precise reference objects in different posi-
tions within the scanner’s working volume, 
using different parts of the scanner’s sen-
sor and at different distances. A calibration 
kit has also been introduced so users can 
independently check the scanner accuracy 
and adjust the parameters. The new auto 
temperature control enables the scanner 
to regulate its operation and keep its com-
ponents at optimum operating temperature 

for capturing data at maximum accuracy. 
Building on the scanner’s advanced color-

capture capabilities, the 2022 Leo has algo-
rithms to automatically adjust the brightness 
level when scanning, providing true-to-life 
evenly lit color 3D models without the need 
for manual correction. The new texture opti-
mization algorithm has reduced the size of 
the texture by 2x, making it faster to process 
and load data for creating 3D color models. 

Lastly, the scanner’s interface is now 
available in six different languages includ-
ing English, Chinese, Japanese, Spanish, 
French, and German. 

MORE INFO www.exactmetrology.com 

Helios introduces  
Hera 90-W gear  
hobbing machine

“Manufacturers have found the Helios Hera 
90 CNC hobbing machine to be an extreme-
ly cost-effective, high-quality platform for 
21st century gear production,” said David 
Harroun, vice-president of Helios Gear 
Products. Evolving the Hera 90’s range of 
options, Helios introduces the 90 W con-
figuration. This offers gear manufacturers 
an extended machine bed and axial travel, 
making the machine an ideal solution for 
long-shaft, small diameter workpieces. 
Manufacturers of powertrain shafts for 
small to medium vehicles will be interested 
in this machine, especially those workpieces 
with multiple, timed splines and/or gears.

The Hera series has been in development 
for more than 15 years, and it continues 
to address the demanding hobbing needs 
of North American manufacturers. With 
Helios domestic support, the Hera 90 W adds 
a valuable offering to the machine line by 
equipping manufacturers with a high-qual-
ity, low-cost, quick-delivery, domestically 
supported solution for long-shaft horizontal 
hobbing. The Helios Hera 90 W is rated at 3 
module (8.5 DP) for parts up to 90 mm (3.54 
in) diameter. The 90 W can be configured to 
optionally load parts up to 600 mm (23.62 
in), 700 mm (27.56 in), or greater lengths. 
Furthermore, the machine’s axial travel 
(hobbing length) covers nearly the maxi-

The 2022 Artec Leo used to scan a car engine. (Courtesy: Exact Metrology) 
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mum loadable part length. This enables easy 
hobbing of long shaft parts with gears on 
opposite ends — especially when the gears 
must maintain a timed relationship. For 
shorter workpieces, the machine’s versatile 
tailstock design clamps workpieces as close 
as 200 mm (7.68 in) measured from the work 
spindle face. Other standard features of the 
Helios Hera 90 are included with the 90 W: 
Fanuc CNC, complete dialog programming, 
6,000 rpm hob head, high-helix cutting (for 
worm hobbing and milling), 160 mm (6.3 in) 
hob shift, bevel gear cutting, and more.

“Gear manufacturers looking for a truly 
versatile, future-proof hobbing machine 
must consider the Helios Hera 90 W,” said 
Adam Gimpert, president of Helios. The 
machine’s features are industry-leading for 
its class: the highest part qualities can be 
produced for the hobbing process, turnkey 
solutions are surprisingly affordable, and 
the machine is domestically supported by 
Helios Gear Products with decades of proven 
gear hobbing expertise. 

MORE INFO heliosgearproducts.com

Bodine offers new AC 
inverter-duty hollow  
shaft gearmotors 
Bodine Electric Company introduced four 
new type 42R-HG/H hollow shaft gearmotors. 
These new geared motors combine Bodine’s 
type 42R inverter-duty AC 3-phase motor 
with a new hollow shaft type HG/H gearhead. 
When used with an AC inverter (VFD) control, 
the type 42R motor delivers variable speed 
and maintenance-free operation over a wide 
speed range. The new offset parallel shaft 

HG/H gearhead provides flexible mounting 
and high torque in a small package. Typical 
applications include conveyor systems, chip 
conveyors, patient mobility applications, food 
processing equipment, automated watering 
systems for greenhouses, and many other 
industrial automation applications.

Designed as a space-saving drive solution, 
the Bodine type HG/H hollow shaft gearhead 
is shorter in length but taller than compa-

rable parallel shaft gearheads. The offset 
design allows the gearmotors to deliver high 
torque for their size through a range of gear 
ratios. The large center distance between the 
gearbox and the motor enables these units 
to be fitted with dual drive shafts. The HG/H 
gearhead also features large hardened heli-
cal and spur gears and needle bearings to 
ensure quiet, long-lasting operation.

Bodine’s HG/H hollow shaft geared 
motors optimize mounting space, simplify 
installation, and reduce the number of com-
ponent parts. They can be connected directly 
to the driven load eliminating expensive 
shaft couplings and mounting hardware 
that can be unsafe, bulky, and present align-
ment issues. These hollow shaft gearmotors 
offer left- or right-hand face mounts for max-
imum application flexibility. 

Helios Hera 90-W offers horizontal hobbing of long shaft parts. (Courtesy: Helios Gear Products)

Bodine Type 42R6-HG/H AC Inverter-Duty, 3-phase 
hollow shaft gearmotor. (Courtesy: Bodine Electric)
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The initial product launch includes four 
standard gearmotor models with gear ratios 
from 27:1 to 108:1 with speeds from 16 to 
63 rpm. Rated torque ranges from 294 lb-in 
(33 Nm) to 1,020 lb-in (115 Nm). Bodine type 
42R-HG/H gearmotors are available with 
230/460VAC Inverter-duty (3-phase) windings.

Bodine offers various terminal boxes 
that provide IP-44 protection for the type 
42R-HG/H gearmotors. It also offers single-
extension and double-extension, 3/4-inch 
(0.75”) stainless steel shaft kits, and a shaft 
cover kit for the non-extension shaft side.

Bodine’s new type 42R6-HG/H gearmo-
tors and accessories are available through 
Bodine’s extensive distributor network or 
from the Bodine website. Custom options 
are available to qualified OEMs. Typical 
OEM modifications include custom wind-
ings, application-specific mounting options 
or special drive shafts.

MORE INFO www.bodine-electric.com

Walter to introduce new 
compact Helitronic G 200 
at GrindingHub 2022 
Walter will introduce the latest addition to 
its comprehensive machine lineup at the 
GrindingHub 2022 exhibition: the compact 
Helitronic G 200 tool grinding machine. 
GrindingHub 2022 is May 17-20, 2022, in 
Stuttgart, Germany, and Walter will be 
exhibiting in hall 9, booth A50. The latest 
Helitronic will also make its North American 
debut at IMTS 2022.

In a floor space of less than 2.3 square 
meters (24.8 square feet), the cost-efficient 
Helitronic G 200 offers tool grinding at its 
best. Grinding and resharpening of rotation-
ally symmetrical cutting tools ranging from 
1 to 125mm (0.039” to 4.92”) in diameter with 
a grinding wheel up to 150mm (5.91”) is pos-
sible. The Helitronic G 200 can accommodate 
a maximum tool length of 235mm (9.25”) and 
a tool weight of up to 12 kg (26.45 lbs). 

The ergonomic design integrates a swiv-
eling multifunction touch panel with a 
21.5” monitor, facilitating easy operation 
and accessibility to the working area. A low-
vibration solid mineral cast bed and C-frame 
construction offer high damping capabili-
ties and thermal stability resulting in maxi-
mum grinding precision. The linear axes X, Y, 
Z are built according to the high Walter qual-
ity standard. The rotating A and C axes are 
equipped with torque motors and provide 

an unprecedented lifetime with minimum 
service effort.

The Helitronic G 200 uses the globally 
proven Helitronic Tool Studio grinding 
software from Walter, which provides ease 
of programming with the greatest possible 
flexibility.

For maximum productivity, a loading 
system is available: the “Top Loader” is 
directly integrated into the work envelope 
of the machine for easy access and therefore 
requires no additional floor space. Suitable 
for tools from 3 mm to 16 mm (0.118” to 
0.63”) in diameter, the maximum tool capac-
ity of the loading system is up 500 tools for 
tools with a 3 mm (0.118”) diameter. The Top 
Loader uses Walter-standard robot pallets 
and automated electrical teaching.

MORE INFO www.grinding.com

New Jorgensen 
FlexFiltration line 
delivers simplicity, value  
Jorgensen Conveyor and Filtration Solutions 
has introduced its new FlexFiltration line 
that also includes the company’s new Flex 
G Series of modular filtration systems. The 
new cost-effective systems feature pre-engi-
neered modules that ensure fast, easy, and 
flexible filtration system configurations for 
practically any filtering application.

FlexFiltration systems efficiently remove 
fine chips and grinding sludge to achieve 
coolant clarity down to 10 microns or less. 
They are especially well suited for challeng-

ing applications involving materials ranging 
from cast iron, steel, and aluminum to com-
posites and plastics.

Jorgensen has developed several pre-engi-
neered base configurations that allow cus-
tomers to quickly construct a FlexFiltration 
system specific to coolant-flow requirements. 
To further match the system to the intend-
ed application, the company offers a range 
of system tanks. These include standard or 
low-profile versions along with an optional 
stainless-steel tank that makes the new 
FlexFiltration system ideal for machine tool 
OEMs and end users alike. Other modular 
options that complete a system include high-
pressure pumps, auxiliary pumps, tramp oil 
skimmers, coolant chillers, heat exchangers, 
liquid level sensors, temperature sensors, and 
the ability to control/interface with existing 
pumps and other equipment. 

“With the introduction of the FlexFiltration 

The Walter Helitronic G 200 Top Loader. (Courtesy: United Grinding)

Jorgensen offers a range of system tanks, including 
standard or low-profile versions along with an 
optional stainless-steel tank that makes the new 
FlexFiltration system ideal for machine tool OEMs 
and end users alike. (Courtesy: Jorgensen Conveyor & 
Filtration Solutions)
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system, Jorgensen further expands its wide 
range of product offerings that positions us 
as a leading and single-source provider of 
conveyor and filtration systems for many 
different machine tool platforms and mod-
els,” said Karl Kleppek, director of sales and 
marketing at Jorgensen. “Our goal is to 
always provide our customers with modern 
technologies developed to meet their specific 
filtering application needs.”

Included in the FlexFiltration introduc-
tion is Jorgensen’s Flex G Series systems 
featuring gravity media filters. The grav-
ity media filtration option is the first one 
available in the FlexFiltration product line. 
Gravity filters are offered in 30, 60, and 90 
gpm options and come standard with low 
media roll detection, no media alarm sen-
sor, and automatic roll advance. A variety 
of different disposable cloth medias are 
also available based on specific applications. 
Additional primary filtration options includ-
ing bag filtration, cyclonic, and permanent 
media types will soon be offered.

With more than 70 years of experience in 
designing and manufacturing advanced con-
veyor, coolant filtration, and material han-
dling solutions for the machine tool, fluid 

filtration, metalworking, unit handling, and 
recycling industries, Jorgensen Conveyor & 
Filtration Solutions offers a wide range of 
standard and customized systems to com-
panies across North America and globally. 
All products are engineered to provide high 
quality, cost effective, application-based 
product solutions for even the most demand-
ing environments.

MORE INFO www.jorgensenconveyors.com

Zagar introduces the 
Z-Mag CNC portable drill 
and tap machine
Zagar Inc. introduces its Z-Mag DTM™ por-
table CNC drill and tap machine for remote 
holemaking operations. The innovation is 
geared toward industries such as ship build-
ing, bridge construction, railroad, and sev-
eral others where metal removal has to be 
done on location due to structures that are 
permanently installed or too large to move. 
Any needed machining — such as modifi-
cations, retrofitting or for final assembly 

needs — must be done remotely.
To serve customers with these perma-

nently affixed requirements, Zagar engi-
neered a unique solution that uses an 
electromagnetic base with 5,000 pounds 
of hold-down force, allowing users to bring 
precision machining to the job site. Z-Mag 
DTM can be used on any type of ferrous steel 
for drilling, tapping, reaming, and even com-
bination tooling with programmable feeds, 
speeds, dwells, and peck cycles. Once in posi-
tion, the operator can safely and ergonomi-
cally operate the unit without the need to 
manually feed by hand.

The unit accommodates different height 
applications with an available 13 inches 
of stroke, 1,300 lbf. of thrust, and spindle 
speeds of up to 3,000. Using an HSK-style 
spindle adapter, operators can use a variety 
of HSK tool holders. The sturdy cast iron 
frame, linear rail system, and precision ball-
screw feed system provide a solid foundation 
for any application, from light roughing to 
finishing. With the use of the handheld 
HMI (Human Machine Interface), the opera-
tor can control the unit with touchscreen 
controls and has the capability to program 
and run all operations. The unit has a servo 

Trial version requests via www.KISSsoft.com

KISSsoft AG/Gleason Sales
Brian P. Stringer
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feed motor for consistent feed rates and pre-
cise hole depths. The hold-in-place solution is 
well suited for carbide cutting tools.

Improving American productivity for 
more than 80 years, Zagar Inc. manufactures 
and distributes, multi-spindle drill and tap 
heads and machines a range of workholding 
solutions, feed units, robotic end effectors, 
and offers a range of contract manufactur-
ing services. The company’s expertise is 
machining both ferrous and non-ferrous 
materials for industries such as automotive, 
aerospace, electrical, medical, off-road con-
struction equipment, hydraulic, pneumatic, 
and high-production drilling and tapping.

MORE INFO www.zagarinc.com

72DL PLUS thickness 
gauge measures ultra-
thin layers at high speed
Olympus’ new 72DL PLUS™ ultrasonic thick-
ness gauge delivers precision thickness mea-
surements at high speed in a portable, easy-
to-use device. 

With fast scanning, advanced algorithms, 
and Olympus’ lowest-ever minimum thick-
ness capability, the gauge can measure the 
thickness of very thin layers for challenging 
applications across industries.

Whether used as a paint thickness gauge, 
coating thickness gauge, or material thick-
ness gauge, the 72DL PLUS instrument deliv-
ers reliable, lab-quality measurements to 
maximize productivity and throughput on 
the production floor.

Capable of displaying up to six layers at 
once for multilayer coatings, paint, plastics, 
and other materials, the gauge includes a 
full-color touch screen and five measure-
ment layouts so thickness changes can be 
accurately tracked and visualized.

Guided workflow makes it easier to cre-
ate and save an application setup. For routine 
applications, inspectors can store and recall 
settings to simplify device setup before each 
inspection.

Built-in data logging and onboard file 
management provide streamlined thick-
ness data collection and processing, while 
the PC interface application includes intui-
tive tools to review and manage data for 
multiple devices and parts. Connected and 
cloud capable for Industry 4.0 practices, the 
gauge supports wireless LAN, Bluetooth®, 
and USB connectivity and integrates into 
the Olympus Scientific Cloud™ (OSC).

Built for industrial environments, the 
gauge can be used indoors and outdoors, on 
a work surface, or using a four-point chest 
harness or shoulder strap. The gauge meets 
military drop test standards (MIL-STD-810G) 
to protect against accidental drops or impacts, 
is designed to meet IP65 requirements to pro-
tect against dust and moisture, and takes reli-
able measurements in hot and cold climates 
with an impressive operating temperature 
range of -10°C to 50°C (14°F to 122°F).

72DL PLUS thickness gauges are available 
in standard and high-frequency models. The 
high-frequency model can drive transducer 
frequencies up to 125 MHz to measure ultra-
thin materials—including multilayer paint, 
plastics, metals, and coatings — and simul-
taneously display the thickness of up to six 
layers. The 72DL PLUS gauge provides up to 
2 kHz measurement speeds, a 60 Hz display 
update, and clean signals for fast, accurate 
measurements.

MORE INFO www.olympus-ims.com

KHK USA Inc. announces 
extensive line  
of premium gearboxes
KHK USA Inc., distributor of the KHK® brand 
of metric gears, announces its extensive line 
of right-angle metric gearboxes, manufac-
tured to the highest quality standards by 
Kohara Gear Industry Co., of Japan. KHK’s 
large selection of right-angle gearboxes are 

very quiet, provide smooth transmission of 
power, and are suitable for a very wide range 
of applications where speed reduction and a 
change in orientation are required. 

KHK right-angle gearboxes are available 
with either a plastic housing for light-duty 
applications, an aluminum housing for medi-
um-duty application, and cast-iron housing 
for heavy-duty applications. Reduction ratios 
include 1:1 and 1:2 with single output and 
dual output shafts.

All KHK right-angle gearboxes contain 
KHK stock bevel gears. The PBX economy 
series uses stock carbon steel bevel gears. 
The KBX medium duty boxes and the CBX 
heavy duty boxes use case hardened ally 
steel spiral bevel gears. Both PBX and KBX 
series are available as off-the-shelf products 
and are available for immediate delivery. 
The CBX units are assembled to order as size 
has 24 permutations of user defined input 
locations and rotations. 

Right angle gearboxes transmit motion 
between two shafts at 90 degrees. Their 
purpose is to redirect motion and, where 
required, reduce the speed. When set to 1:1, 
right angle gearboxes will change the direc-
tion of rotation and rotate the power trans-
mission 90 degrees. When set to 1:2, right-
angle gearboxes will not only change the 
direction of rotation and rotate the power 
90 degrees, they will also reduce the output 
speed to one half of the input speed while 
increasing the output torque to twice the 
input torque value.  

MORE INFO www.khkgears.us

KHK’s large selection includes economy, commercial, and industrial right-angle drives. (Courtesy: KHK USA Inc.)
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KISSsoft addresses 
geometry calculation  
of non-circular gears
KISSsoft features the calculation of the 
geometry of non-circular gears for different 
operating pitch lines. 

Non-circular gears are typically designed 
to have variable output torque and speed. It is 
also possible to design them with variable cen-
ter distance. The operating pitch lines of non-
circular gears are commonly ellipses because 
of their simplicity. Nevertheless, to achieve 
more complex transmission ratio functions, 
modified elliptical shapes, n-lobed ellipses or 
own functions can be used in KISSsoft for the 
operating pitch lines of the gears. 

The main advantage of non-circular 
gears (in comparison to the cylindrical 
gears) is the variable transmission. However, 
because of variable loads and speeds, addi-
tional vibrations and bearing forces can 
occur, especially if the gears are not rotat-
ing around their mass center.

Once the geometry of non-circular gears 
is defined, strength verification is necessary. 
The strength calculation of non-circular 

gears is not standardized; however, it is still 
possible to use KISSsoft for an approximate 
strength calculation with specifically adapt-
ed methods. 

MORE INFO www.kisssoft.com

Guill produces  
new Acme shaft  
made of K-Monel 
Guill Tool, a growing supplier of components 
to the global aerospace industry, announced 
the production of a new Acme shaft, which 
shaft is a square head shaft made of K-Monel. 

Dimensions on this product are 2.125” 
outer diameter X 1.125” over flats X 4.125” 
overall length, or (53.975mm outer diameter 
x 28.575mm over flats x 104.775mm overall 
length). This Guill Acme shaft is machined 
complete on a Mazak/Mill turn machine. 

Guill now offers its substantial machine 
shop capabilities as an independent service 
to customers in aerospace manufacturing. 
Products are made to customer specification.

For more than 55 years, Guill Tool has 

offered high-quality, precision-machined 
components for the defense and commer-
cial industries. The company manufactures 
flanges, valves, fittings, and various critical 
components for air-
craft, weapons, and 
nuclear submarines. 

Guill offers its 
full capability of 
CAD/CAM design, 
plus EDM and 5-axis 
machining centers 
to the aerospace 
industry. Owing 
to its many years 
in the government 
and defense sectors, 
Guill also provides 
industry-standard cybersecurity and NDA 
confidentiality to its customers.

Guill has the following registrations 
and certifications: AS9100:2016 – Aerospace 
Manufacturing, ISO9001:2015 registered, JCP 
Certified – Government Contracting, ITAR 
Registered and NIST SP800-171Compliant 
Cyber-Security.  

MORE INFO www.guill.com/aerospace

Guill’s new Acme shaft 
is a square head shaft 
made of K-Monel. 
(Courtesy: Guill Tool)
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Gear Solutions magazine has been the most trusted 
source for information and technical knowledge in the 
gear manufacturing industry for more than 15 years. 

Each issue, Gear Solutions offers its readers the latest, most 
valuable content available from companies, large and small, 
as well as critical thoughts on what this information means 
for the future of the gear manufacturing industry.

Best of all, it’s free to you. All you need to do is subscribe.

SUBSCRIBE FOR FREE 
www.gearsolutions.com
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As metrology specialists, what types of gear testing solutions do 
you offer your customers?
We offer traditional stand-alone CNC gear testing equipment, along 
with CMM-based gear inspection solutions. Our systems can handle 
a variety of sizes, from typical industrial and automotive applica-
tions, up to large power gen and transportation type gears.

You’ve recently launched a new metrology software. What makes 
this product a must-have?
What this new software does is bridge the gap that our customers 
face in gear manufacturing.  WM | Gear provides an evolution of 
our standard metrology package, offering a common platform for 
both gear metrology and traditional inspection. Rather than cre-
ate a specialized package just to check 
gears, we expanded the capabilities of 
our world-renowned WM | Quartis. This 
gives customers a single solution that 
can handle all of their metrology needs.

Will you be able to continue to build 
on this software in the future?
Absolutely, WM | Quartis is built on a 
very modular platform. We will release 
new modules as needs change in the 
market — whether there are new stan-
dards that come out or customer specif-
ic requirements. We’ll always add new 
functionality to stay on top of those. 
What’s important, though, is that it’s 
not just gear software, it’s for inspection 
of all workpieces, which means that it 
will grow as the market needs change, 
even beyond gears.

How does focusing on manufacturing 
metrology equipment put Wenzel at an 
industry advantage?
The Wenzel Advantage is that we are 
completely focused on manufacturing the most reliable metrology 
equipment on the market. From raw materials, such as granite, all 
the way to final assembly, we control the entire process. Being verti-
cally integrated in this way ensures that we can deliver consistent 
quality products, but also allows us the flexibility to pivot and adapt 
as the market demands. For example, during 2020, we designed, 
manufactured, and delivered a brand-new system for a customer 
in less than six months, helping them meet their production needs 
and giving us a new standard product to offer.

What else is new about the Wenzel systems?
This new generation of machines will be the first to share a com-

mon machine-controller with our line of CMMs. This streamlines 
the entire process offering better delivery, simplified support, and 
a path for modernization. New sensors, software, and machine 
configurations will all be designed and built around this common 
platform ensuring that as a customer’s needs change, our technol-
ogy can scale with them.

In what other ways is Wenzel looking to the future of metrology?
What we’re looking at always is: How do we stay ahead of the needs 
of the manufacturing environment? The two main areas that we 
are focusing on right now are non-contact inspection and Industry 
4.0. Non-contact inspection, even with gears, can offer speed and 
flexibility for the right applications, helping people measure more 

parts faster. Industry 4.0 isn’t just a big buzzword, it is affecting the 
shop-floor by changing how we use data. The question for Wenzel 
is: How do we connect our metrology platforms with the greater 
plant environment and give more transparency to what’s going on? 
That is where our focus is right now. 

MORE INFO www.wenzelamerica.com

Q&A
INTERVIEW WITH AN  
INDUSTRY INSIDER

DREW SHEMENSKI
PRESIDENT  WENZEL AMERICA

“What this new software does is bridge the gap that 
our customers face in gear manufacturing.”

The Wenzel GT series. (Courtesy: Wenzel America)

http://www.wenzelamerica.com
http://gearsolutions.com


THE #1 SOURCE FOR USED GEAR 
MACHINERY — AND MORE!

820 Cochran Street  Statesville, NC 28677
704.609.0766  •  rich@pisellient.com
www.pisellient.com

Contact us to add your surplus machinery

MEMBER

MEMBER

2014 Felsomat Model FSC 600, FTC 180F Twin 
spindle vertical turning machines, gantry loaders

Fellows Model 10-4 CNC 3-axis Gear Shaper  
with Fanuc Controls, Motors & Drives

2000 Mitsubishi Model GN20A 5 axis CNC Hobber, 8” diameter cap., Fanuc 18i controls

Fellows Model 36-8 12” Riser Cutter  
Elevating Gear Shapers

1997 Gleason Model GTR-250VG CNC 
chamfering, pointing and rounding

Gleason Model 350 GMM CNC Gear Testers, 
updated software 2016 & Renishaw probes

2012 Gleason Model 150 SPH CNC Power Honing machine

2006 Mitsubishi Model SE25A CNC  
Gear Shaper with autoloading

1997 Gleason Model Tag 400 CNC Generating 
Style Gear Grinder 400mm capacity

2005 Gleason Model Phoenix 125GH CNC  
6-axis Gear Hobber, 180-position loaders

mailto:rich@pisellient.com?subject=Referred by Gear Solutions
http://www.pisellient.com
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NEW! GE25HS also available for parts up to 250mm OD

Nidec Machine Tool America

http://www.nidec-machinetoolamerica.com



