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Gear cutting tools and services

Star SU offers a wide variety of 
gear cutting tools and services, including: 
• Gear hobs
• Milling cutters
• Shaper cutters 
• Shaving cutters
• Chamfer and deburring tools
• Rack and saw cutters
• Master gears
• Ring and plug gauges
• Advanced coatings including Alcrona Pro
• Tool re-sharpening

Total tool life cycle management

Control your tool costs and let Star SU manage 
your tool room. From new tools to design work 
to re-sharpening and recoating, we have the 
equipment and resources to help keep your gear 
cutting operation running smoothly.

Solutions for all 
your gear cutting 
tool needs

Solutions for all 
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Solutions for all 
your gear cutting 
tool needs

Affordable hob sharpening and 
in-house tool maintenance

Star’s PTG-1 sharpens both straight and spiral gash hob designs 
up to 8” OD x 10” OAL. Additionally, it sharpens disk, shank and 
helical type shaper cutters and a wide range of round tools, 
making it a versatile tool room machine.

Shaving cutter and master gear grinding

Designed to grind shaving cutters and master gears, the GS 400 
sets new standards for precision, reliability and ease of use. An 
integrated measuring unit automatically checks the quality of the 
fi rst tooth ground without unclamping the workpiece.

www.star-su.com

PTG-1

GS 400
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December 2008 (date for illustrative purposes only)
 An Illinois manufacturer produces critical gears 
for Mars Rover “Curiosity” on their KAPP VUS 55P.

November 2011
 Curiosity launches into space and on the sixth 
of August, 2012 lands successfully on Mars.

December 2012 
	 Curiosity’s	mission	is	extended	indefinitely.

December 9, 2013
 Evidence reported from the Curiosity shows 
Gale Crater contained an ancient freshwater lake 
which could have been a hospitable environment for 
microbial life.

February 19, 2014
 In planning Curiosity’s route toward the slopes 
of Mount Sharp, images piqued interest in the 
striations on the ground formed by rows of rocks.

See photo at(www.photojournal.jpl.nasa.gov/catalog/PIA17947)

Gears for the Curiosity Rover 
were ground using the KAPP VUS 55P.

our machines are 
making history

Gears good enough for NASA.

www.kapp-niles.com   info-usa@kapp-niles.com

KAPP Technologies
2870 Wilderness Place  Boulder, CO  80301
Phone: (303) 447-1130  Fax: (303) 447-1131
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Intelligence in Production.
Gear manufacturing technology innovations 
from Liebherr.

Gear hobbing machine LCH 180 two
•  Multi-cut strategy with roll / press deburr-chamfering
•  Primary hobbing time is done in parallel to the load / unload, 

and roll / press deburr-chamfering, between two cuts – on  
two work-tables

Gear hobbing machine LC 180 Chamfer Cut 
•  High chamfer quality with one-cut hobbing strategy
•  Primary hobbing time is done in parallel to chamfering  

in a second machining position

Generating grinding machine  
LGG 180 / LGG 280
•  A single-table solution for gear grinding  

of workpieces up to Ø 180 mm, or up  
to Ø 280 mm, and workpiece lengths up  
to 500 mm

•  Extremely fast load/unload times of 4 
seconds, chip-to-chip, with a single-table

• New Palletizing Cell LPC 3400

During development of our innovations, we place particular  
emphasis on choosing an optimal solution for the respective 
application. The result: Process stability and an outstanding  
quality of manufactured components – with the highest  
level of economy possible. 

The Group

Liebherr Gear Technology, Inc.
1465 Woodland Drive
Saline, Michigan 48176-1259
Phone.: +1 734 429 72 25
E-mail: info.lgt@liebherr.com
www.liebherr.com
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Twitter: Check out the latest 
links to Charles D. Schultz’s 

Gear Technology Blog as well 
as product and industry news 
updates from companies like 

Overton, LMT, ASM, EMAG, 
Dontyne Systems and more.

GT VIDEOS
The GT website currently 
features a video on the new 
Masta-Cage link, an essential 
software tool for developing, 
testing and manufacturing 
bevel and hypoid gears. 
Comments from both Smart 
Manufacturing Technology 
Ltd. and Gleason Corporation 
are included. For additional 
information visit www.smartmt.
com or www.gleason.com.

GT at 30
We're celebrating the 30th Anniversary 
of Gear Technology in June. Please send 
your most memorable stories about the gear 
industry to mjaster@geartechnology.com. 
Some of these may be included in our feature 

about the past, present and future of gears. 

Ask the Expert: Do you have 
a question about gear design, 
manufacturing, heat treating, 
inspection or assembly? Submit 
your questions to our panel of 
experts at: www.geartechnology.com/
asktheexpert.php
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Operational Work?
We’re Armed to the Teeth

11715 Main Street, Roscoe, IL 61073
815-623-2168

SCAN NOW!

MISSION: SAVING TIME. Our elite, highly trained 
Gear Team 6 is heavily armed with the latest gear 
production and inspection technologies to take on your 
‘cut teeth only’ operational work. Cut to part print, 
inspected, and shipped before your competition even 
knew what hit them.

Get a quote in 48 hours or less. See if you qualify for 
our Guaranteed Lead Times. Call today or visit:  
www.forestcitygear.com/OPS



publisher's page

Goodbye, David
I’ve lost a long-time and dear friend.

Sadly, David Iveson of Westminster Machine Tools Ltd. in the 
U.K. passed away on April 9 – a day before he was to turn 75.

David and I met in the late 60s, having been introduced 
by my father, who had met him on earlier business trips. We 
became instant friends. Sometimes I ‘d make half a dozen trips 
a year to England, as I was a principal in the industrial auction-
eering company, Industrial Plants-UK (IPC-UK), and each time 
we would meet up.

Many of you have known David or have done business with 
him. Like me, he spent the majority of his career specializing in 
used gear manufacturing equipment, especially machines built 
by Gleason.

Born in the North of England, David worked the coal mines 
as a young boy. In British society, those circumstances should 
have limited his growth and opportunities. But David—ambi-
tious, smart and hard-working—never allowed his background 
to limit him economically or socially.

David formed Westminster Machine Tools in about 1965 and 
he was known worldwide for his knowledge and acumen in the 
gear field. He was also an expert dealer in all types of non-gear 
machines. David was well known and trusted by both deal-
ers and customers alike, on several continents. His word was 
his bond, and his knowledge of the features and values of all 
types of metalworking equipment was deep. David’s opinions 
and knowledge reflected all facets of business and life and were 
sought out and respected by his customers, fellow dealers and 
competitors. While you, our readers, may have known him and 
done business with him, either buying or selling machinery, 
David and I, and our families, have been competitors, partners 
and friends for nearly 45 years. 

Perhaps because of his early life of poverty, David pursued 
with gusto the finer things in life: exotic travel, excellent food, 
the finest wines and champagnes, the fastest cars, the hottest 
clubs, etc.

When he was young, David traveled with a very fast crowd, 
partying with the Rolling Stones and with Margaret Trudeau, 
who was formerly married to the Canadian Prime Minister. 
Those were wild times in England, and David was one of the 
wild ones. I still have vivid memories of driving through central 
London at absurdly high speeds with David in his Jaguar XJS.

David’s first and second marriages didn’t work out, but with 
more maturity and more than a bit of luck, he met Georgina 
Wynyard, whom he dated for quite some time before settling 
down.

I spent time with David and Georgina while they were dating 
and I remember his excitement when each of their daughters 
was born. I have had the good fortune to be able to watch them 
grow up to be beautiful and accomplished young women.

We had the opportunity to travel extensively together, as both 
Westminster Machine Tools and my former company, Cadillac 
Machinery, were members of the European Association of 

Machine Tool Merchants (EAMTM). Because I was on their 
Council for over 21 years, my wife, Marsha, and I attended 
almost all of the annual meetings with David and Georgina. 
Together, our families saw the highlights of Europe: Marbella, 
the Algarve of Portugal, Santa Margherita Ligure in Italy, the 
Canary Islands, Berlin, The Arts Hotel in Barcelona, The Isle 
of Jersey, Sorrento, Palma in Mallorca, Castelnuovo del Garda 
in Italy, Estoril in Portugal and too many others to name. 
David introduced Marsha and me to the pleasures of Chateau 
d’Yquem Sauterne, surprisingly sold by the glass at the Hotel 
Splendido, high on the hill overlooking Portofino, Italy. We held 
memorable birthday parties for Marsha at the Greek Island of 
Rhodes and again in Cascias, Portugal. In 2011 we were again 
together in Budapest. David and I were also both members of 
the Machinery Dealers National Association (MDNA), which 
brought us to conferences in Cambridge, Mass., Houston, San 
Francisco, Washington, D.C., Orlando, Colorado Springs, New 
York, and too many other venues to name or remember. What 
glorious memories of places I visited and times I had with 
David and our families.

The last time both our families were together was Christmas 
2012, when we all met in Paris. The seven of us had a fabulous, 
memorable dinner, where we drank Sauterne and Champagnes. 
My last visit with David was at his home this past January, 
where over lunch and dinner, we celebrated our friendship.

David was one of a kind, never to be replicated. He will be 
sorely missed, not only by myself, but by all who knew him, 
customer and friend alike. 

My father used to tell me that after we’re gone, all we leave is 
our reputation, and David left his as a giant legacy.

David, you did far more than most, and you did it in style.
May you now rest in peace, Mate!

Michael and Marsha Goldstein (left) with David 
and Georgina Iveson (right) at Ascot Racecourse.
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GMTA—Ad4876-C—Gear Technology—December 2013

4630 Freedom Drive  |  Ann Arbor, MI 48108   |  www.gmtamerica.com  |  Email: info@gmtamerica.com

 German Machine Tools of America

Large production facilities needing the latest technologies 
for gear and spline production for power transmission and other 
critical applications can look to GMTA for all their requirements. 
One reason is the GMTA family of high-quality machine 
tool brands, comprising…

German Machine Tools of America...German Machine Tools of America...

CALL 734-973-7800 FOR 
MORE INFORMATION

Scan the code and see each machine line in action!   

Gear Machines, Featuring Our 
Patented Scudding® Technology
http://bit.ly/gmtascudding

Profilator

Praewema
Honing Machines
http://bit.ly/praewemavids

Pittler
VTLs and Multi-Spindle Machines
http://bit.ly/pittlervids

WMZ
Turning Centers for Big 
Line Shaft Work and More 
http://bit.ly/wmzvids

Our machines are found at 
major OEMs in the automotive, 
off-highway, heavy equipment and 
medical markets, wherever quality 
and reliable performance are demanded 
for high-volume production of gears and 
other power transmission components.    

With GMTA on your team, your operation 
will stay “up” on the competition.



A great deal of attention has been paid 
to the decline of manufacturing in 
America, and I’ve been accused of being 
a “town crier” since the 1980s, when I 
began to see our nation lose its edge to 
foreign competition.

My concerns have proven well-found-
ed. Depletion of the wealth-generat-
ing engine of manufacturing is the root 
cause of many of our economic prob-
lems, as billions of dollars have left our 
shores for the purchase of foreign-made 
products.

Yet for some time now I have heard 
little but good news about manufactur-
ing. The output of U.S. factories is up. 
Manufacturing is adding jobs at a faster 
rate than other industries. “Re-shoring” 
is gaining momentum. Could it be that 
happy days are here again? Could it be 
that wealth generated by a refortified 
U.S. industrial base will finally be able to 
address the many domestic problems we 
now face?

Manufacturing, after all, was the pri-
mary factor in America’s becoming an 
economic superpower in the years after 
World War II. While much of the world’s 
postwar industrial capacity was deci-
mated, the U.S. manufacturing base was 
never stronger. We became king of the 
economic world by exporting products 
and importing wealth. But over the past 
30 years, we’ve been importing products 
and exporting wealth.

The good news today is that manu-
facturing is indeed coming back, and for 
many reasons: transportation costs, ris-
ing wages overseas, lack of contract and 
property rights laws, etc. The bad news 
is that these gains are simply too meager 
to have any significant impact on revers-
ing America’s economic decline. Our 
exporting of wealth continues unfet-
tered.

Bottom line: We must look beyond 
the growth in U.S. manufacturing jobs 
as the measure of our industrial success. 
Instead, look at the actual scorecard that 
measures the flow of wealth in and out 

of our economy — the trade deficit of 
manufactured products.

Trade data tracking imports and 
exports from 1972 to 2012 indeed show 
an increase in exports, but we also see 
an increase in imports — almost as if 
the two are linked. As we bring in more 
wealth to our economy, we simulta-
neously send away an ever-increasing 
amount to purchase imported products, 
continuing on the losing side of this 
equation. In this 40-year period, we have 
sent an almost inconceivable $11.2 tril-
lion out of our economy. Is it any won-
der that so many of our social needs are 
underfunded and millions of Americans 
are struggling?

So despite the positive news about 
gains in manufacturing, and the sub-
sequent waving and chest-thumping in 
the media and by those in Washington, 
performance at its current level is sim-
ply unacceptable. It will not have a ben-
eficial impact on our economy — not for 
the creation of jobs or the tax revenue 
required for our social systems, infra-
structure and to pay our government 
employees.

Investing and Training
So what can be done? My experience as 
president and chief operating officer of 
Arrow Gear Co. suggests a thing or two. 
When I’m asked how Arrow has sur-

Is the Manufacturing Comeback 
Just an Illusion?
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As a nation we must embrace the high-tech, innovative 
manufacturing model. And we must develop a workforce 
capable of the skills needed for that model.



vived and thrived in the precision gear 
industry, I cite a willingness to invest in 
advanced technology, innovation, lead-
ing-edge design and development capa-
bilities, and, most of all, a skilled work-
force.

So how can other companies achieve 
what we’ve done at Arrow? The answer 
is as simple as it is complex: As a nation 
we must embrace the high-tech, innova-
tive manufacturing model. And we must 
develop a workforce capable of the skills 
needed for that model.

The federal government also needs to 
do some things. The U.S. corporate stat-
utory tax rate is 39 percent, while those 
of our top three largest trading partners 
(Canada, China and Mexico) range from 
15 to 28 percent. Other industrialized 
nations seem to better understand the 
economic value of their industrial base 
and the deleterious impact of corporate 
taxes. It’s a serious inhibitor to U.S. com-
petitiveness in the global market.

There is a reawakening of awareness 
about the importance of manufacturing. 
But we need to preserve the momen-
tum, because if we blindly assume that 
growth will continue, we are most cer-
tainly destined for renewed decline. 
Manufacturing creates well-paying jobs, 
and those jobs, in turn, provide for the 
needs of society. If we fail in this, let 
no one be surprised when we see an 
increase in social unrest among those 
forced to live without the basic neces-
sities and opportunities that life in 
America should provide.

Joseph L. Arvin
President, Arrow Gear Co.

Joseph L. Arvin is 
president and chief 
operating officer of Arrow 
Gear Co. in Downers 
Grove, IL. He is also a 
member of the Illinois 
Institute of Technology’s 
industrial, technology and 
management advisory board and founder 
of the nonprofit Citizens for American 

Manufacturing (www.camusanow.com).
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as the measure of our industrial success. Instead, look at the 
actual scorecard that measures the flow of wealth in and out 
of our economy — the trade deficit of manufactured products.
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Gleason and SMT
LINK MASTA AND CAGE SOFTWARE

Gleason Corporation and Smart 
Manufacturing Technology Ltd. 
(SMT) recently announced the release 
of the first phase of their strate-
gic global partnership. New versions 
of SMT’s premier full-system trans-
mission design and analysis software 
(MASTA) and Gleason’s industry-
leading software for bevel and hypoid 
gear design and manufacture (CAGE) 
are now available with a seamless link 
between the two packages. Together 
these provide a new design-to-man-
ufacture solution for bevel and hyp-
oid gears with significant performance 
advantages and cost savings over cur-
rent processes. For the first time, gear 
manufacturers can now benefit from 
an integrated workflow that fully con-
siders the design geometry of bevel 
and hypoid gear tooth flanks, via the 
manufacturing machine settings, 
within the context of the full system.

Full-system durability and NVH 
analyses can be performed easily at 
any stage to help solve bevel and hyp-
oid noise problems while gear flank 
geometry can be quickly optimized by 
performing system-level loaded tooth 
contact analysis. This improved virtu-
al analysis and testing helps avoid the 
costs associated with repeated man-
ufacturing and testing of prototype 
gears, saving customers both time and 
money. The new software was formal-
ly unveiled to the public at the Gear 

Solutions Forum at Gleason-Pfauter 
Maschinenfabrik GmbH, April 1-3, 
in Ludwigsburg, Germany.  John 
J. Perrotti, president and CEO of 
Gleason Corporation, says, “Gear 
designers and producers have typi-
cally lived with many different soft-
ware packages to satisfy their needs 
from design through production. Our 
new software offerings developed in 
collaboration with SMT for bevel and 
hypoid gears takes an important step 
towards delivering these solutions in a 
more integrated way.”

David Beedan, operations director 
of Smart Manufacturing Technology, 
adds, “The joint vision of our part-
nership with Gleason was to allow 
MASTA and CAGE to work as if one 
product, best utilizing the strengths 
of both products. This first collabora-
tive installment does just that; indeed 
this marks a revolution in bevel and 

hypoid gear design-to-manufacture 
and we look forward to working with 
Gleason to bring further improve-
ments to the design-to-manufacture 
process for the benefit of engineers 
worldwide.”
For more information:
Gleason Corporation
Phone: (585) 473-1000
www.gleason.com
SMT North America
Phone: (315) 440-4657
www.smartmt.com

R&P 
Metrology
CUSTOMIZES MEASURING 
SYSTEM

Responding to specif ic customer 
requirements, R&P Metrology GmbH 
announced a new model in their full 
line of custom metrology systems, the 
RPS 1350V. Designed for ball screws and 
shaft parts, this system boasts capac-
ity for 1,350 mm between centers, and 
1,300 mm of vertical measuring travel.

“A customer asked if we could design 
and build an inspection system for 
their specific needs. That is what R&P 
Metrology does, so of course we said 
yes,” said Hans Rauth, president of R&P 
Metrology. He added, “The customer 
produces ball screws and gears up to 
600 mm in diameter. The RPS 1350V 
is a generative, four-axis gear inspec-
tion machine, and also measures 3-D 
CMM type features as well as profiles 
and forms. The X, Y and Z axes use lin-
ear motors for ultimate precision. Since 
the machine rests on an active suspen-
sion system, no separate foundation is 
required. The high precision, air bearing 
rotary table is mounted on a granite bed 
and is driven directly by a torque motor.”

The RPS 1350V achieves the highest 
European class for inspection equipment 
accuracy: VDI/VDE 2612/13 Group I. 
Using an industry standard CNC control 
system, the RPS 1350V is I++ compliant, 
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allowing the use of many CMM inspec-
tion packages.

R&P Metrology designs and builds 
custom and special systems, and pro-
duces hybrid systems that uniquely com-
bine gear measurement with 3-D CMM 
metrology. One example is the world’s 
largest CNC gear checker, the RPG 
4000-5500, which measures gears with 
generative inspection as well as perform-
ing CMM measurements. Specializing 
in medium and large parallel axis gears, 
bevel gears, tools, shafts, bearing rings 
and 3-D parts R&P’s range of extreme 
precision custom metrology solutions 
starts at approximately 1.0 meter in size.
For more information:
R&P Metrology
Phone: (734) 516-1365
www.kapp-niles.com

Heller 
Machine 
Tools
DELIVERS FLEXIBLY-
CONFIGURED HORIZONTAL 
MACHINING CENTERS

More machines than ever underscore the 
aim to respond to the user’s operation, 
not only with options and automation, 
but increased energy efficiency. The new 
affordable Heller H 4500 4-axis machin-
ing center, a highly capable horizontal 
machine with Heller-produced HSK A 
100 spindle (also available in sk/bt 50 
taper) and a 500 × 630 mm pallet and 
800 mm strokes in X, Y & Z aims to do 
just that.

With the H 4500, Heller introduced a 
machine designed for robust processes 
while providing an affordable, economi-
cal cutting solution for limited space. 
The machines are also designed for ener-
gy efficiency, capable of energy savings 
of up to 30% compared to conventional 
machine designs.

“The more universal and varied the 
machining assignment, the more impor-
tant becomes adaptive power consump-
tion of peripheral equipment and main 
units in order to optimize power use at 
various operating points,” said Vincent 
Trampus, Heller vice president of sales. 
Air, coolant, hydraulics, and other ener-

gy consumers are flexibly controlled 
based on demand rather than always 
on. This strategy is called Heller Blue.”

Reliable, productive, the H 4500 
delivers high degree of precision, due to 
the proven machine concept, the inher-
ently rigid design of the machine bed, 
the double motor Z-axis, the dynam-
ically stiff, short design of the spin-
dle unit, and the water-cooled spindle 
housing.

“With our new 500 N-m, 52 kW, 
12,500 rpm spindle option, the H4500 
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can provide the low-speed torque it 
takes for cutting tough materials like 
iron and steel as well as higher speeds 
for machining lighter alloys. There is 
no other machine in its market segment 
that offers this capability,” said Trampus. 
With its machine design, Heller has also 
minimized positioning times. Instead of 
extremely high rapid traverse and accel-
eration rates, Heller focussed on realistic 
dynamic rates.

The H 4500 offers a wide range of 
basic equipment, so each machine can 
be customized for each user’s applica-
tion. This includes 50/100/150 pocket 
chain-type magazines for tool lengths 
of up to 600 mm, tool break monitoring 
with reference measurement and clean-
ing of the tool cartridges and holders. 
Workpiece management is equally flex-
ible. The rotary pallet table has a maxi-
mum loading capacity of 1,400 kg.

Chip disposal is efficient. In particular, 
the H 4500 is designed for free chip fall 

below the spindle and between the rota-
ry table and pallet changer, with steep 
chip chutes in the work area and at the 
loading station and with a 600 mm wide 
scraping or flat belt design chip conveyor 
over the complete Z-stroke.

To accommodate the end user, the 
machines are available with either 
Siemens Sinumerik 840D or Fanuc 
31i-B CNC. Heller’s industry exclusive 
NC controlled out-facing head option 
is available on the H 4500 for perform-
ing turning operations on the machine. 
A measuring probe for on-machine 
part checking, and instant tool break-
age monitoring are also available. The 
machines, consistent with efficient cell 
operation, may be loaded with a robot or 
other automated loading systems.
For more information:
Heller Machine Tools
Phone: (248) 288-5000
www.heller-us.com

Affolter Technologies
HOBBING MACHINE TAILORED FOR MICRO MOTOR 
INDUSTRIES

Affolter Technologies SA presents its 
most recent innovation. “The GEAR 
AF110 sets a new benchmark in regards 
to flexibility, high precision and stiff-
ness. It is tailored to the needs of all 
micro motor industries, such as auto-
motive, aircraft, dental and medical 
equipment and watchmaking,” states 
Marc-Alain Affolter, managing direc-
tor of the Swiss family enterprise. The 
AF110 complements the existing gear 
product line towards the realization of 
larger parts with diameters of up to 
40 mm and a module of up to 
1.0 mm.

In 2010, the Affolter R&D 
team in Switzerland start-
ed to design the AF110. 
“Compared to the AF100, we 
doubled the clamping force to 
1,000 newton. Torque and stiffness 
of the spindles were increased, the 
Y-axis is more robust and there is 
only one clamping axis moving, 
optimizing the overall rigidi-
ty and minimizing vibrations,” 

explains Affolter. The AF110 is very 
compact, using the same base and vol-
ume as the AF100.

Flexibility a plus: worm milling
The Affolter experts are currently 

developing the add-on “Unit 90.” After 
a quick changeover, the AF110 will be 
able to perform worm milling opera-
tions. Affolter explains, “We will intro-
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Mitutoyo
OFFERS SALES AND SUPPORT FOR RENISHAW PROBE 
SYSTEM

Mitutoyo America Corporation is 
pleased to announce sales and support 
of the Renishaw PH20 probe system 
with the Crysta-Apex S500/700/900 
series Coordinate Measuring Machines 
by Mitutoyo. The Crysta-Apex CMM 
line offers durability and high accu-
racy at an affordable price. It supports 

a wide range of inspections solutions 
including laser scanning, optical, and 
surface roughness inspection. With the 
addition of the high-speed scanning 
capabilities of the PH20 the Crysta-
Apex CMM becomes the ideal solution 
for just about any part inspection, in 
the quality lab or on the shop floor.

duce this optional feature in the second 
part of 2014. The AF110 will be the 
most flexible machine for gear cutting 
and worm milling on the market.”

Short cycle times: optimizing pro-
ductivity

The Affolter engineers aimed to 
reduce cycle times to make the machine 
as productive as possible. The AF110 is 
equipped with the user-friendly, inter-
nally developed CNC Leste control, 
making communication with the micro 
gear hobbing center easy and quick. 
The compact design and the improved 
rigidity are other key features that guar-
antee short cycle times and highest 
efficiency. The distributor of Affolter 
Technologies SA in the United States, 
Canada and Mexico is Parker Industries 
Inc., based in Bohemia, New York.
For more information:
Affolter Technologies SA
Phone: +(41) 32 491 70 67
www.affoltergroup.ch
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The PH20’s unique “head touches” 
allow measurement points to be taken 
by moving only the head, rather than 
the CMM structure. Using only the 
rapid rotary motion of the head, points 
can be taken faster, and with improved 
accuracy and repeatability. Users of 
the PH20 probe head will immediately 
have access to the range of proven TP20 
probe modules, providing a wide selec-
tion of trigger forces, directional sensing 
options and extensions to meet applica-
tion requirements. The detachable mod-
ules provide crash protection and can be 
automatically changed using the TCR20 
change rack (optional accessory).

The TCR20 is a compact probe mod-
ule rack for use with PH20 that provides 

the capability for quick and repeatable 
tool changing and tip correction based 
on the MCR20 rack systems. It secure-
ly stores modules for rapid automatic 
changing and protecting mating surfaces 
from any airborne contaminants within 
the working envelope of the machine. 
The TCR20 supports the full range of 
TP20 modules which are compatible 
with the PH20 system and features an 
integrated tip datum artifact in the cen-
ter of the rack assembly, minimizing the 
cycle time of the tip correct procedure.
For more information:
Mitutoyo Corporation
Phone: (630) 820-9666
www.mitutoyo.com

Solar Atmospheres
INSTALLS MID-SIZE VACUUM HEAT TREATING AND 
BRAZING FURNACE

Vacuum heat treat services expert, Solar 
Atmospheres of Western PA, recent-
ly announced the installation of a new 
high-temperature, high-purity, produc-
tion-scale, 2-bar vacuum furnace in an 
environmentally controlled room for 
heat treating and brazing of small to 
mid-size loads. This new furnace will 
allow Solar to service customers with 
small to mid-size furnace loads more 
efficiently, economically, and precise-
ly. The “Mentor” furnace, designed for 
processing medical, tool & die, aero-
space, nuclear, and other industrial heat 
treated or brazed parts was installed 
and commissioned in the Hermitage, 
PA plant one hour 
north of Pittsburgh. 
Because the fur-
nace is enclosed in 
an environmental-
ly controlled room, 
Solar’s customers 
are more assured 
that the dangers of 
humidity and result-
ing discoloration of 
some metal parts 
will be eliminated or 
severely reduced.

Michael Johnson, sales manager at 
Hermitage, said, “This new furnace 
will give us the ability to process a vari-
ety of loads we were not competitively 
able to quote using our larger furnaces. 
The Mentor is a great furnace and we’re 
excited about the heat treating and braz-
ing opportunities that this little work-
horse is opening up to us.”

The furnace, designed and built by 
sister company, Solar Manufacturing, 
is installed in an environmental clean-
room where humidity and temperature 
remain stable compared to typical heat 
treat facility conditions. The controlled 
environmental will allow Solar to more 
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Walter USA
INTRODUCES ROUND INSERT

Walter has introduced Tiger·tec Silver HU6, a round insert with a new geometry, spe-
cifically developed for medium and heavy-duty roughing of solid railroad wheels 
and other forged parts. Large chip build-up is a common problem, particularly when 
turning the inner profile of a railroad wheel, with the chips often failing to break as 
desired. Productivity and tool life both suffer as a result. Tiger·tec Silver HU6 was 

developed to address these chip control problems, and field tests at wheel manufactur-
ers have shown that this new Walter insert provides up to 40 percent longer tool life.

The key innovation is the insert’s geometry, featuring specially formed chip dimples 
for ideal chip formation, facilitating chip breaking in the required area. This new round 

quickly and efficiently process parts 
providing quick turnaround to custom-
ers.

The furnace has an effective work-
load area of 12" wide by 12" high by 
18" deep, is capable of holding a load 
of up to 250 pounds, and is rated at 
a normal operating temperature of 
2,500°F/1,370°C. The hot zone is con-
structed of high-efficiency graphite felt 
and boards and allows for rapid heat-
up and cool-down cycles. In order to 
achieve desired metallurgical prop-
erties for some metals, the furnace is 
equipped with a 2-bar quenching capa-
bility.
For more information:
Solar Atmospheres
Phone: (215) 721-1502
www.solaratm.com
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insert benefits from Walter’s proven Tiger·tec Silver coating which enhances cutting 
speed, reliability and tool life. The inserts are available in four different grades: three 
for steel and one for cast iron machining. Insert diameter selection ranges from 10 to 
32 mm. This combination of coating and geometry, with its specially designed chip 
breaker and strong cutting edge for process reliability in heavy and interrupted cuts, 
boosts the productivity of heavy-duty roughing operations, such as railway vehicle 
manufacturing, generator and turbine manufacturing, and forged components in gen-
eral. In addition, Walter Capto turning toolholders can be used with the HU6. This 
interface enables quick tool changes and easily handles the transfer of large forces.
For more information:
Walter USA, LLC
Phone: (800) 945-5554
www.walter-tools.com/us

EMAG
INTRODUCES SMALL GRINDING CENTER

Demand for components such as gear-
wheels, planetary gears, chain gears or 
flanged components for cars typical-
ly runs in quantities of millions. Thus, 
short cycle times in production have 
become mandatory. The internal con-
tour of a gearwheel, for example, must be 
ground in the shortest possible time and 
the machine’s workholding unit has to 
be loaded with a new workpiece equally 
as efficiently. This represents a critical 
moment in many production environ-
ments, as idle time is often a decisive fac-
tor in establishing the economic viability 
of an entire production process. 

Efficiency through two grinding 
wheels
An important feature of the VLC 100 G 
is the possibility of utilizing two grind-
ing spindles used to perform different 
grinding operations, to handle both 
rough and fine-grinding work, for exam-
ple. “For the removal of large amounts, 
two wheels offer a shorter cycle time 
than one, with the first wheel designed 
to do the rough-grinding and the sec-
ond one in charge of finish-grinding 
work,” explains Dr. Guido Hegener, 
managing director of EMAG Salach 
Maschinenfabrik GmbH. The first wheel 
performs the “rough” job of removing 
excess material from the raw-part at high 
feed rates (the CBN wheel is specially 
designed to absorb the necessary forces), 
while the second wheel, with different 
specifications, takes over the finishing 
work to guarantee a perfect surface fin-
ish on even the most challenging geom-
etries. Through this intelligent tooling 

combination, EMAG design engineers 
have succeeded in drastically reducing 
the grinding time of even very complex 
components. 

The automatic loading advantage
High output levels with short cycle times 
is exactly what the VLC 100 G Vertical 
Grinding Center from EMAG was devel-
oped for. For chucked components with 
a maximum diameter of 100 mm, the 
VLC 100 G utilizes its built-in pick-up 
system to load itself. While one work-
piece is being machined the operator, 
or the automation system, re-loads the 
raw-parts onto the conveyor belt. This 
reduces idle times and increases output 
rates. The vertical machining concept, 
the signature EMAG design, ensures that 
grinding sludge falls to the bottom of 
the machine unhindered and away from 
the machining process, where it is then 
transported out of the machine. 
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The reliability of the
world leader in
precision workholding

The flexibility
to run parts with
completely different
workholding
requirements

Innovation to meet
whatever challenges

you will face

1.800.281.5734 
Germantown, WI USA
www.hainbuchamerica.com

Are you limiting your workholding options to 10-second collet changeovers?
That’s So Last Century

Today, Tonight, Tomorrow illustrates HAINBUCH’s business philosophy - a commitment and focus 
to helping our customers solve their immediate and long-term productivity challenges. Our original 
SPANNTOP chuck system not only mastered the 10-second collet change, but also allows you to go 
from O.D., to I.D., to 3-jaw clamping in a matter of seconds without readjustment. Reliable, flexible 
innovation from HAINBUCH, the world leader in quality workholding.

Integrated quality control 
Measuring can also be integrated into 
the machine, making quality control an 
integral part of the whole process. The 
measuring probe is located between the 
machining area and the pick-up station, 
where it is protected from contamination. 

A convincing machine concept
The combination of fast loading and 
efficient grinding processes leads to a 
very compelling machining concept. The 
VLC 100 G works very well with the 
dynamic developments in automotive 
production. Now, with the rapid increase 
in required quantities, demand for new 
machine concepts that can be seamless-
ly integrated into existing production 
grows. Two features of the VLC 100 G 
enable it to be effortlessly integrated into 
established production lines.

“Programming the workpieces with 
our new EMAG Navigator software 
is simple and intuitive, saving valu-
able setup time. For many production 
environments this is an advantage that 
should not be underrated,” states Dr. 
Hegener. Furthermore, the exceptionally 
small footprint of the VLC 100 G should 
make the work of every production 
planner easier. The stand-alone machine 
only takes up 4.5 square meters/48 
square feet, making sure that growth of a 
production facility will not be limited by 
floor space requirements. 
For more information:
EMAG LLC
Phone: (248) 477-7440
www.emag.com

EMCO and UltraTech
COLLABORATE ON MODULAR AUTOMATION PACKAGE

Machine shops of all sizes continue 
to seek ways to automate what they 
do to improve consistency, save time, 
and reduce cost per piece produced. 
In response to that need, EMCO 
Maier has partnered with UltraTech 
Machinery, Cuyahoga Falls, Ohio, 
a designer and builder of high pro-
duction equipment, to offer a modu-

lar robotic automation cell that pro-
vides cost-effective, flexible part load/
unload for its turning machines.

The new package was demonstrated 
recently with an EMCO Maier HT45 
SMY universal production turn-
ing machine, a versatile, multi-task 
production turning/milling center 
designed for a wide range of applica-
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CHALLENGE:
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tions on bar stock to 45 mm diameter. 
The Hyperturn 45 includes high-per-
formance main and counter spindles, 
two tool systems with a total of up to 24 
driven tools, and a stable Y axis with a 
70 mm travel in the upper slide system 
and a Z2 axis in the lower slide system.

Says Philipp Hauser, EMCO Maier 
USA president, “The integration part-
nership with UltraTech will be a posi-
tive for us and our customers. About 10 
months ago we saw more and more sales 
activity and RFQs for turnkeys and auto-

mation. One of our strategies was to find 
a local U.S. partner, especially for robot 
integration. Having Motch & Eichele as 
one of our bigger dealers, and a partner 
company of UltraTech, it was clear we 
should work with UltraTech to develop 
a solution.”

According to Bob Hagarty PE, CEO of 
Motch & Eichele, “The challenge was to 
put a flexible handling solution around a 
compact turning machine that was also 
scalable to a use with a larger machine. 
We developed a universal base with left 

and right hand versions configurable to 
the machine model. It is a production-
proven solution with millions of open/
close cycles.

“We call  it  the EMCO Factory 
Automation Solution, designed to be 
easily used in small shops as well as larg-
er plants. The overall package is non-
threatening to machine operators. Often, 
the most challenging portion of an auto-
mation solution is part infeed and out-
feed. The multi-drawer part cabinet 
offers a simple, reliable, flexible method 
to provide a useable buffer of oriented 
parts to the robot. The user is respon-
sible for very little, including only part 
specific gripper fingers and trays for the 
drawers, robot path point teaching and 
minor program modifications as need-
ed for tray unload/load and machine 
unload/load.“
For more information:
EMCO Maier
Phone: (248) 313 2700
www.emco-world.com

20 GEAR TECHNOLOGY | May 2014
[www.geartechnology.com]

product news

http://secotools.com/us
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Just like gears, induction heating is all about 
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In order to streamline gear 
manufacturing equipment in 
2014, many shop floors are uti-
lizing some form of automa-
tion (gantry, robotics or pallet-
based systems). These automation 
concepts, prevalent to the automotive 
industry, have become advantageous in 
off-highway, alternative energy, com-
mercial gearbox production and more. 
The end game is separating personnel 
from machine operation time and mak-
ing these manufacturing cells both cost 
effective and extremely fast.

“Internal and external automation 
facilitates higher productivity as well as 
streamlined management of equipment,” 
says Alois Mundt, managing director 
at Liebherr-Verzahntechnik GmbH. 
“Reducing long set-up times, minimiz-
ing costs and extending performance is 
a must for most machines in gear manu-
facturing today.”

“When perfectly matched, automa-
tion and a gear-cutting machine mesh 
like gears, achieving productivity and 
precision benefits for the end user,” says 
Alan R. Finegan, director, marketing 
at Gleason Corporation. “Productivity 
improvements come through reduced 
chip to chip time and the possibility of 
autonomous operation, enhanced pro-

cess consistency and repeatability, and 
improved material handling, reducing 
operator fatigue and injury. Also, auto-
mation allows for more than just part 
handling, where other operations such as 
part washing, inspection, part marking 
can be integrated.”

“Companies can achieve quality that 
is better and much more consistent by 
increasing the level of automation in the 
production process. This is only possible 
if the initial quality of the components 
that are being machined is defined and 
constant,” says Hartmuth Müller, CTO, 
Klingelnberg Group. “Variations in the 
initial quality mean that the operator has 
to continually adjust the process param-
eters, which ultimately leads to greater 
quality variance and therefore loss of 
consistency. It is not the human factor 
that causes fluctuations in the produc-
tion process, but rather the lack of con-
sistency in the upstream processes.”

A key aspect of automation is 
shortening the setup time, accord-
ing to Bill Miller, vice president, Kapp 
Technologies. “Most calculations are 
automated. Onboard quality inspection, 
including corrections, is automated. Tool 
change in many Kapp machines is semi-
automated. Combined, these innova-
tions save, on average, over 50 percent 

of batch process-
ing time. Modern 
machines, tools 
a n d  p r o c e s s -
es increase pro-
du c t i v i t y  a ny -
where from two 
to four times, over 
machines which 
are 10 to 20 years 

old. So, manual workpiece mounting and 
truing time becomes a large proportion 
of the total cycle. Palletized systems are 
designed for semi-automatic workpiece 
change. Mass production applications 
also prioritize setup and/or changeover 
time. Equally important is the economy 
of the automatic part loading solution.”

Get the Balance Right
Challenges abound for factory automa-
tion, from cost concerns to floor space to 
the speed of the entire automation pro-
cess. “Customer philosophies differ with 
respect to production goals and priori-
ties. Optimizing for safety, speed, flex-
ibility and cost efficiency often require 
very different solutions,” Finegan says. 
“Even within a given philosophy, cover-
ing the full spectrum of customer parts 
with respect to size, weight and configu-
ration is a challenge, as is the integration 
with the machine tools and automation 
of other manufacturers, and with estab-
lished systems in the plant.”

“The biggest challenge is to combine 
automation and flexibility characteris-
tics that appear to be conflicting at first 
glance,” adds Müller. “It is ultimately a 
balancing act between these two require-
ments, and the fundamental question is 
the degree of automation that should be 
chosen.”

Müller believes past experience has 
shown that flexibility is lost at high lev-
els of automation. “A fully automated 
gear machining tool lacks the flexibility 
to deal with batch sizes that are becom-
ing increasingly smaller, and a machine 
without automation lacks consistency in 
terms of machining time and component 
quality,” Müller says.

Kapp’s Miller says that many auto-
mation concepts are available and cus-
tomers may prefer a certain supplier. 
“The result is a vast number of available 
options, which is not efficient for the 
machine builder to implement.”

Moving Parts
Machine Tools Boost Speed and Throughput 
with Automation Technology
Matthew Jaster, Senior Editor

The RLS is a cost-effective, entry-
level solution for users with very 
small batch sizes (batch size 1 and 
above) or small batch manufacturers 

(courtesy of Liebherr).

automation
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grinders and Klingelnberg CNC sharpeners and inspection equipment.

Learn more about our outstanding quality tools at www.dragon.co.kr. 
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• Chamfering and Deburring Tools
• Broaches
• Master Gears

“Automation is a cost-driven 
system,” Mundt explains, “The 
money customers want to spend 
on certain solutions might not 
work. So you have to create a cost-
effective product, and that can be a 
big challenge. The other challenge 
is to speed it up like hell. These 
automation solutions need to be 
fast. It shouldn’t take longer than 
10 percent of the machining time.”

“First-time buyers of automa-
tion often succumb to ‘sticker 
shock’ as they perceive the auto-
mation to be a non-process and 
thereby a non-value added cost. 
Existing users tend to look more 
for continuous improvement, fast-
er speed and minimal footprint,” says 
Patrick Seitz, president at Felsomat USA. 
“We collaborate closely with our cus-
tomers and calculate the overall benefits 
in terms of machine uptime, efficiency, 
reduced manpower, potentially reduced 
number of machine tools, reduced utili-
ties, and reduced floor space.”

Automation in Gear 
Manufacturing
So what options are available to gear 
manufacturers considering automated 
work cells? Gantry and pallet robotics 
systems are available and many machine 
tool companies combine elements of 
each. We asked our experts to break 
down the advantages and disadvantages 
of these various automation concepts.

Gantry
According to Seitz at Felsomat, gantries, 
in conjunction with Felsomat patented 
vertical buffer systems, offer the fastest 
and most efficient solutions in the small-
est footprint.

“Gantry-based systems are sometimes 
considered the lower end of automation 
due to their relative inflexibility. However 
they may be optimized to one part or 
family of parts and are thus very fast,” 

Covering the full spectrum of customer parts with respect to size, weight 
and configuration is a challenge, as is the integration with the machine 
tools and automation of other manufacturers, and with established systems 

in the plant (courtesy of Gleason).
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Finegan says. “Operating in a narrow and 
well-defined range and paths, safety and 
security issues are generally reduced.”

Gantry systems are much less flex-
ible than robots, since the different 
options for depositing components are 
extremely limited, according to Müller. 
“Components are usually loaded from 
above and thus can essentially only be 
stacked in two ways (adjacent to or on 
top of one another). The major advan-
tage of gantry loading is simple oper-
ation and programming. Almost any 
machine tool operator is capable of oper-
ating and loading a gantry.”

“Gantry systems offer a closed enve-
lope approach to allow for quick load-
ing without the floor space or mess of 
a robot. However they tend to be more 
costly and certainly less flexible,” says 
D. Kirk Stewart, Jr., director of sales at 
EMAG LLC.

Robotics
“The major advantage of robotics is 
without doubt the significant flexibil-
ity that it provides. Because any load-
ing method can be used, these systems 
provide maximum freedom for deter-
mining how individual components are 
deposited and brought into the system. 
Everything that is needed and desired in 
this respect is possible, including stacked 
components, components placed in bas-
kets, or components deposited onto 

conveyors. However, this technology 
requires in-depth knowledge on the part 
of the operator, who must know how to 
program a robot,” Müller says.

“Robotics offers the benefits of replac-
ing an operator in front of a machine 
with some of the physical articulation 
required to accomplish this demand,” 
says Stewart at EMAG. “However, the 
tradeoff is significant floor space utili-
zation, a fenced in area which does not 
allow easy access to the machine for an 
operator for tool change or setup, and 
in many cases a less than clean work-
ing environment with residual chip and 
coolant debris on the floor.”

“Robots tend to be more flexible, ver-
satile and re-deployable, and such sys-
tems are generally easier to replicate 
in cells at multiple customer locations. 
Representative of the higher end of auto-
mation, they are able to adapt to several 
or many part sizes and configurations, 
and they may facilitate the integration of 
multiple cells,” Finegan says. “However, 
robotics tend to consume more floor 
space and demand robust safety and 
security measures surrounding the entire 
operating envelop.”

Basket or Pallet Systems
“Particularly for gear technology involv-
ing small batch sizes, the biggest benefit 
in terms of automation is obtained with 
basket or pallet systems. It does not mat-

ter whether the parts are supplied via a 
gantry, a robot or a machine in a basket 
or pallet system. The advantage of pallets 
and baskets is that they provide an easy, 
flexible way of transporting parts inside 
the plant,” Müller says.

“A palletizing system is quite popular,” 
adds Mundt. “You can transport parts 
that have been machined wherever you 
want to. A palletizing cell can be connec-
ted to the material flow inside the shop 
so you can complete a combination of 
tasks such as honing, deburring, grin-
ding, etc. It’s one of the most successful 
forms of automation in manufacturing. ”

“Pallet systems also require a large 
amount of floor space and often create 
physical barriers in the plant,” adds Seitz.

Combining Technologies
“Most automation systems combine 
a robot with a conveyor with a bas-
ket stacker, etc.,” adds Miller at Kapp. 
“The machine is designed with standard 
optional features to adapt to most types 
of available automation. This allows cus-
tomers to take responsibility as the inte-
grator.”

Liebherr takes advantage of the exter-
nal and internal automation concepts to 
create a system that is dedicated to the 
specific needs of the customer. “Most of 
our machines have multiple automation 
solutions,” Mundt says. “You start with 
the part carrier, followed by the convey-
or belt and the ring loader before gear 
cutting on a hobbing machine, for exam-
ple. The overall efficiency of a machine 
manually loaded is 60 percent if people 
are in front of it all the time; this goes up 
to 80 percent with automation.”

“The movements of a machine-inte-
grated part transportation system can 
be designed to be synchronized with the 
machining axes of the machine tool at 
CNC level, and are therefore significant-
ly faster than a conventional automation 
interface,” adds Müller at Klingelnberg. 
“Another advantage lies in the flexibility 
of automation. Any gantry or robot sys-
tem can be used, and any degree of auto-
mation can be selected.”

“At Felsomat, we do not have one 
automation solution that fits all applica-
tions. We have a wide variety of standard 
modular building blocks which are easily 
configured to achieve the highest effi-
ciency possible on each operation which 

Consistently high machine 
utilization results in a greater 
number of components per hour 
and also reduces the energy 
consumption of the machine 

tool (courtesy of Klingelnberg).
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is calculated to achieve the lowest overall 
investment for the customer,” Seitz says.

The Current Market
While a single article cannot provide all 
the automation products and technolo-
gies available in the gear market today, 
here are some highlights:

Liebherr’s Rotary Loading System 
(RLS) offers cost-effective entry into 
high-efficiency production with one or 
two machines – delivering utilization of 
more than 90 percent.

Using the RLS to extend a machine’s 
running time makes investing in an 
additional machine completely unnec-
essary in certain cases. “This solution 
is clearly more effective than margin-
al increases in productivity that could 
result, for example, from optimizing 
CNC programs or the tools of machines 
that are manually fed or partly automat-
ed. One or two machining centers can 
be docked to the system. For batch size 
1 and above, the RLS unleashes consid-
erable efficiency potential,” Mundt says.

In the case of EMAG solutions, the 
automation is inherently built into the 
machine. The inverted vertical spindle 

is loading and unloading the workpiece 
by itself, thus not requiring an operator 
or robot to load into the spindle. “This 
allows for EMAG to provide a stand-
alone automated cell with very predict-
able productivity,” Stewart says. “The 
new Modular Standard and Modular 
Customized solutions EMAG offers on 
the VL and VLC platforms, respectively, 
offer machines tied together with vari-
ous automation configurations to meet 
the customer’s requirements. These 
modular systems can be set up to inter-
face with downstream and upstream 
systems, for Chaku-Chaku loading, for 

buffered loop conveyors, or for common 
highway solutions.”

“Our Genesis line of machines have 
fast part loading systems with options 
to chamfer and deburr in parallel, and 
our Phoenix 280CX Bevel Gear Cutting 
Machine provides fast loading from the 
cutting spindle to an auxiliary cham-
fer & deburring spindle that runs in 
parallel to the cutting cycle,” Finegan 
at Gleason says. “Agilus is a combined 
process machine that combines gear 
hobbing with turning, chamfering & 
deburring, and drilling. Our Titan series 
of large cylindrical gear grinders offer 

Flexible and intelligent automation 
solutions allows for a new generation of 

machining capabilities (courtesy of EMAG).

25May 2014 | GEAR TECHNOLOGY



Power Grind, which combines the ben-
efits of threaded wheel grinding produc-
tivity with the precision of profile grind-
ing. We also offer the BPG Stick Blade 
Grinder with a standard includes blade 
load/unload system capable of running 
in an unmanned mode.”

Klingelnberg is working on making 
automation more intelligent. “An auto-
mated machine tool depends on coordi-
nation between the workpiece, the work-
piece fixture and the workpiece program. 
In this respect, an automated machine 
tool is not fault-tolerant. The first process 
involves gripping a new component using 
the automated system. Another impor-
tant point is to standardize the interface 
between the machine tool and the auto-
mation system. Every manufacturer has 
its own original interface, which has to be 
adapted or at least coordinated for every 
automation manufacturer. An interna-
tional standard would help to reduce the 
effort involved and make the customer 
more competitive in terms of costs and 
flexibility,” Müller says.

“A fully automatic solution using our 
basketized FlexStackingCell is the most 
appropriate solution in highly devel-
oped and high labor cost regions such as 
North America and Europe,” says Matt 
Skelton, sales manager at Felsomat USA. 
“Customers operating in these regions 
are also demanding highly flexible sys-
tems that can be quickly changed from 
one part to another without tools within 
5-10 minutes. Also required is the abil-
ity to re-tool and re-deploy automation 
assets to meet rapidly changing product 
lifecycles. In developing countries with 
low labor costs, our customers demand a 
manual/automation hybrid solution with 
lower investment criteria.”

“The Kapp KX100 breaks new ground 
by applying a proven design to gear 
grinding where the work spindle also 
performs the loading function, as well 
as aligning and spinning. Cost and space 
are conserved,” Miller says. “Practical 
efficiency gains of 10 to 20 percent are 
easily possible with this machine.”

Intelligent Machining
The future of automation technology 
revolves around making the machines 
smarter. Initially, these concepts might 
make operators nervous (and replace-
able) but the truth is that an intelligent 
machining platform can only be as effec-
tive as the operators utilizing the tech-
nology. Smart machining will become 
more beneficial when they are running 
24/7 or during lunch or coffee breaks. 
These automation systems aim to make 
the entire production process much 
more efficient.

“Our vision is to have seamless trans-
parency throughout the production pro-
cess: Each step of the process is stored 
in a database, meaning that all prod-
uct-related information is clearly doc-
umented in chronological order. This 
allows the entire production process to 
be tracked down to the last detail for 
each component. The advantage: Users 
can identify correlations, for example, 
and draw conclusions as to steps in the 
production process that require readjust-
ment,” Müller says.

Felsomat is striving to influence the 
design of machine tools to reduce the 
level of automation required. “To that 
end Felsomat has developed twin spin-
dle turning and hobbing machines with 
integrated automation where the idle 
spindle is loaded automatically while the 
second spindle is in production. This 

reduces idle time, or “chip to chip” time 
to the absolute minimum and on large 
automotive gear manufacturing pro-
grams there is the potential to signifi-
cantly reduce the level of machine tools 
and automation investment. Felsomat is 
also leading developments in the field of 
heat treatment of gears within the gear 
manufacturing process thereby further 
reducing separate independent automa-
tion processes,” Skelton says.

“Well trained machine operators are 
still difficult to find in manufacturing,” 
Mundt adds. “We’ve set up intelligent 
program structures at Liebherr to do 
most of the work. Instead of the opera-
tors telling the automation what to do, 
the automation will tell the operators 
what to do. The ERP system (enterprise 
resource planning) will point out the 
production needs and the machine will 
answer the call. This (along with adap-
tive controls) is already taking place 
within the gear industry.”

And how do some of these machine 
tool manufacturers feel about the poten-
tial downside to some of these new tech-
nologies? An automated system, for 
example, might make it possible for a 
customer to purchase two machines 
instead of four, saving energy and valu-
able floor space in the process.

“As a manufacturer of machines, I’m 
not happy about the situation,” says 
Mundt, laughing. “But we are fighting 
for the benefits of our customers.” 

(Additional information for this artic-
le was provided by William McGlasson, 
Mi ch a e l  Wa l k e r,  Cra i g  R o n a l d 
and Matthias Philippin at Gleason 
Corporation)
For more information:
Gleason Corporation
Phone: (585) 473-1000
www.gleason.com
EMAG LLC
Phone: (248) 477-7440
www.emag.com
Felsomat/Reishauer
Phone: (847) 995-1086
www.felsomat.com
www.reishauer.com
Kapp Technologies
Phone: (303) 447-1130
www.kapp-niles.com
Klingelnberg America, Inc.
Phone: (734) 470-6278
www.klingelnberg.com
Liebherr Gear Technology, Inc.
Phone: (734) 429-7225
www.liebherr.com

The Kapp KX100 offers practical efficiency 
gains of 10 to 20 percent (courtesy of Kapp).
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 “Thank you for your service.”
We’ve all heard that one before — and 
have maybe spoken the words ourselves. 
Typically, however, we hear it during 
election season at political debates or 
town hall meetings. That’s when the can-
didates deign to take questions from 
the audience, and —uh-oh— one of the 
questioners happens to be in the mili-
tary — perhaps just back from Iraq (oh 
yes, we’re still there) or Afghanistan. The 
soldier is interested in knowing what 
his (her) thankful congressman or sena-
tor plans to do about the inadequate job 
training, education, and treatment pro-
grams that are at minimum a cold slap in 
the face to returning veterans — some as 
yet too young to buy themselves a beer. 
The pol’s face tightens noticeably, but he 
or she always has a well-rehearsed non-
answer down cold.

But think about it: beginning with 
Bush père’s Iraq invasion in 1991, the 
country has been in a dystopian-like 
state of war (Somalia, Bosnia, Iraq II, 
Afghanistan), with more than a gen-
eration of young (and not-so-young) 
Americans being killed or maimed in 
the process — and all of this on a volun-
tary basis.

And yet — except for those who were 
there — can anyone name one memora-
ble battle from the last 30 years? Today’s 
soldiers have no claim on epic battles 
to rival those such as Belleau Wood to 
leave their mark on history (the grate-
ful French re-named the forest “Wood 
of the Marine Brigade”); no D-Day; no 
Tuskegee Airmen; no Mt. Suribachi; 
no Pork Chop Hill, V-E Day, V-J Day; 
no “Greatest Generation” or Band of 

Brothers. And certainly no ticker-tape 
parades.

All of which raises the question: are 
returning or recently discharged veter-
ans at least receiving the training and 
education opportunities they deserve in 
return for their service? Let’s see.

To do that, we interviewed individu-
als who are intimately involved with vet-
eran training and employment issues, 
but from differing perspectives, includ-
ing: Michael J. Aroney, principal con-
sultant, consulting & training, for Allied 
Reliability Group (ARG), a manufactur-
ing consulting service with particular 
emphasis on training, employment con-
sultancy, veteran transitioning and hir-
ing practices from an employer need and 
perspective; Douglas Pierce, chief learn-
ing officer, DMG Mori Seiki Academy; 
Tom Peters, director of business oper-
ations, Symbol Training Institute; and 
Joe Barto III, founder and president 
(and former U.S. Army Major), TMG 
(Training Modernization Group), Inc.

Given these individuals’ experience in 
military affairs, at some level or anoth-
er, and their recognition in the veterans 
community, they more than most are 
wired in to what is happening around 
the country. And they, sooner than 
most, became aware that government 
services for veteran training and hiring 
were lacking — but not so much in areas 
where you might think. Yes, we defi-
nitely need more qualified training ven-
ues and instructors. And for sure more 
hands-on, practical training is needed.

But what many say is now need-
ed most of all is focus — and much 
better coordination between business 
(HR, hiring agents); trainers (techni-
cal colleges, private entities, communi-
ty colleges); and the military (Veterans 
Administration) in publicizing and 
describing good jobs that are available 
right now. Because as things stand today, 
the unvarnished truth is that every 
month many good-paying jobs with a 
future go unfilled. These breaks in the 
jobs supply chain and the continued 
need for more training opportunities 
led people involved in veteran affairs to 
conclude that more had to be done — on 
both sides of the equation.

On the training side, Peters states that 
“Veterans are trained on and have uti-
lized advanced technology in the mili-
tary, and we at Symbol (with two loca-
tions in the Chicago suburbs) are also 
training on advanced technology within 
the manufacturing field. Thus it is a logi-
cal progression to continue the train-
ing for veterans with the transition from 
military technology into manufactur-
ing technology.  Our training also helps 
the veterans who are coming back home 
get into a routine to ease the adjustment 
from military service to civilian life.

Speaking to the fuzzy focus side of 
the equation, Aroney’s epiphany came 
five or six years ago when he attended 
the kick-off of the Wounded Warriors 
Association (www.woundedwarriorpro-
ject.org), sponsored by the Naval Sea 
Systems Command.

Coming Home, But to What?
Many Vets Have the Skills, but No Place to Apply Them
Jack McGuinn, Senior Editor

“The missing element is creating awareness on the military side 
to make the veterans aware of who is hiring and how their skills 

translate to the civilian sector.”
Michael J. Aroney, Allied Reliability Group
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“I  n o t i c e d  t h e n  —  a n d  s i n c e 
then — that all the emphasis was on job 
creation by the civilian sector and edu-
cating them on the value and desirability 
of the veteran. This included educating 
the prospective employers on military 
occupational specialties and how they 
translate into desirable civilian technical 
and leadership skills. At that time, North 
American manufacturing was entering 
the leading edge of a craft skills crisis 
for technicians who could fix manufac-
turing equipment and keep it running. 
We had jobs, but needed to make the 
military services aware of them, and that 
their maintainers could move into these 
roles easily and quickly — without a col-
lege degree.

“I found the military leadership was 
being told that their transitioning enlist-
ed service members needed college 
degrees to find jobs in the civilian sector. 
Not true! One can become a successful 
reliability engineering professional with-
out a degree by putting to use all their 
military technical maintenance train-
ing and experience. That, along with the 
work ethic they bring and the ability to 
solve complex problems in a high-stress 
environment, makes the service member 
a sought after candidate.”

“Our involvement in this effort was 
not born out of frustration with gov-
ernment programs,” says DMG’s Pierce, 
“but from a growing need for qualified 
workers — both internally and from our 
customers. We have a number of suc-
cessful veterans as employees and had a 
good experience with a few veterans who 
applied for our initial apprentice pro-
gram.”

Barto says “Ninety-five percent of the 
government programs have to do with 
teaching vets how to find a job and pro-
viding resources when someone does not 
have a job. AME Values Vets (ameval-
uesveterans.com) is working on the 
demand side of the equation — teaching 
employers how to re-capitalize their busi-
ness by hiring and retaining vets.

So what we have developing here is 
a triad of sorts, with each part work-
ing in support of each other, the ulti-
mate goal being a career-based job for 
every vet who wants one. We have gov-
ernment online programs, especial-
ly the VA, tutoring vets on job search-
ing; we have other groups tutoring busi-

“ Military training certainly helps prepare 
veterans after they are done with the 
service. Veterans can walk into civilian 
life knowing that they are already 
trained on modern equipment, have a 
strong foundation of discipline, and are 
mechanically inclined.”

Tom Peters, Symbol Training Institute
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nesses (HR, hiring agents, etc.,) on how 
to recruit veterans, what to look for on 
their resume, how to project their mil-
itary skills and training onto the job 
requirements.

All of which sounds like good, com-
mon sense. Unfortunately, something 
else that makes sense is a negative — i.e., 
trying to get these three groups on the 
same page is like herding cats. Some 
are of the opinion they all seem to 
mean well, but they also seem to have 
their own agendas; not in any sinister 

way — merely in insisting on having 
their own way of doing things. But for 
Aroney, that’s missing a bigger point.

“I’m not seeing lack of collaboration as 
an issue,” Aroney says. “It’s more a lack 
of awareness. Of the 12 companies in 
several different manufacturing indus-
try verticals that I support, all are aware 
of the federal and state programs avail-
able to help transition veterans, and they 
have programs in place that utilize the 
programs and funding. The employers 
we work with get it; the missing element 

is creating awareness on the military side 
to make the veterans aware of who is 
hiring and how their skills translate to 
the civilian sector. We are now start-
ing to see some movement in that area 
by coordinating with the military ser-
vice’s respective Transition Assistance 
Programs (TAPs), sitting on panels at 
military-sponsored job fairs, and adver-
tising in military journals like Navy 
Times and Air Force Times.

Symbol’s Peters, while not addressing 
the awareness issue, does believe better 
coordination is needed.

“I  would  have  to  agree  with 
that. Within the past two years, the talk 
of veterans returning and the reviv-
al in manufacturing appears to be on 
everyone’s radar.  Many organizations 
are trying to help veterans, and not all 
of them have the training or expertise 
that Symbol has. We were a manufac-
turing company since 1985, and we 
know precisely what the manufacturing 
community expects from our students. 
Our training delivers what the industry 
demands.”

With that said, Peters is confident that 
a good student-veteran graduating from 
Symbol can reasonably expect good 
things to happen.

“The starting wage for CNC machin-
ists is in the range of $12-$18 per hour,” 
Peters says. “Due to the skilled labor 
pandemic that is affecting the manufac-
turing workforce, the manufacturers are 
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paying more due to the lack of supply 
and, as such, we have seen some of our 
graduates command a yearly salary with 
overtime and benefits that can be in the 
range of $40,000-$60,000 the first year 
after graduating from Symbol. These are 
truly livable wages.”

Count Pierce in as another one look-
ing for better communication among 
veterans groups.

“Yes, we do agree (on the lack of col-
laboration). Oftentimes the veterans are 
not aware of the programs, nor are there 
links to the actual companies that can 
provide job opportunities.”

If this all seems rather complicated, 
that’s because it is. In trying to dumb it 
down a bit, we posed the question to our 
participants this way: Why is hiring vets 
today seemingly more complicated than 
it was after WW II or Korea?

“I think there is not the same coordi-
nated approach and national awareness 
as there was during those two conflicts,” 
Aroney offers. “We dumped a lot of mili-
tary into the private sector in a short 
time frame. Today, we’re cycling them 
out and only took notice when unem-
ployment numbers showed a disparity 
between vets and their civilian coun-
terparts. Subsequently, we began spool-
ing up awareness through various non-
profit organizations to reach a tipping 
point — which I think we are nearing.” 
He might have added that vets com-
ing home after Europe, the Pacific and 

Korea weren’t returning to a Brave New 
World-type of industrial workplace with 
constantly evolving, sophisticated tech-
nologies that required new skillsets and 
remedial training as needed.

Adding credibility to veterans’ claims 
for a fairer shot at the American Dream, 
General David Petraeus, former com-
manding general of Multi-National 
Forces in Iraq, has said that “After World 
War II, exemplary programs and support 
for veterans created the American mid-
dle class and helped the ‘greatest genera-

tion’ to become great. We owe this gen-
eration nothing less.”

“Perhaps, the World War II genera-
tion had a greater sense of responsibil-
ity and work ethic, which has been fad-
ing over the past few generations,” Peters 
observes. “Here at Symbol we are proud 
of our country and we are aware that the 
veterans are an important part of our 
society, and should be treated as such. 
Symbol’s preparation of veterans for civil 
life is what we are proudly achieving. We 

“AME Values Vets 
(amevaluesveterans.com) is 
working on the demand 
side of the equation — 
teaching employers how to 
re-capitalize their business 
by hiring and 
retaining vets.”

Joe Barto III, 
TMG Inc.
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are honored to be producing ‘Made in 
the USA CNC Machinists.’”

ARG's Aroney — not to put words in 
his mouth — perhaps thinks the analogy 
doesn’t quite hold up in the 21st century.

“In the 12 manufacturing companies 
I work with in seven different industry 
verticals, we find a very old work force 
from the generation described by Gen. 
Petraeus, and a very young, entry-level 
workforce — and not much in between. 
Technical colleges and apprentice pro-
grams are making a comeback after a lull 

of 20 years to fill a technician gap that 
will become critical in the next five to 
six years from the pending ‘silver tsuna-
mi’ — the retirement of a majority of the 
Baby Boomer workforce. All the more 
reason to emphasize process standards 
and automation and preventive mainte-
nance technology.”

And an equally good reason to wonder 
if training that veterans received in the 
service can translate to a promising career 
path in civilian life. Most say it is so.

“Military training certainly helps pre-
pare veterans after they are done with 
the service,” says Peters. “Veterans can 
walk into civilian life knowing that they 
are already trained on modern equip-
ment, have a strong foundation of disci-
pline, and are mechanically inclined. The 
trades are a wonderful way for them to 
apply these skills that they have honed 
serving in the military.”

“Absolutely,” Pierce seconds. “The mil-
itary trains veterans for careers beyond 
soldiering. In addition to the obvi-
ous training and experience they have 
received — leadership, work ethic, team-
work, perseverance, integrity, etc. They 
also in many cases have other hands-
on experiences which translate well to 
manufacturing — mechanical, electrical, 
technology skills, etc.

“One initiative which we know is sup-
ported by Congresswoman (Tammy) 
Duckworth, U.S. Rep. (D-IL) is to give 
veterans credit for some of the skills they 
acquired and demonstrated in the mili-
tary upon their discharge. One simple 
example is a CDL driver’s license.”

TMG’s Barto points to the number of 
learned soft skills veterans have acquired 
that position them ahead of their civil-
ian peers.

“For 90% of entry level production 
jobs — regardless of industry — the basic 
military three-year experience creates the 
skills and abilities to make veterans best-
qualified over their non-military peers. 
Basic training teaches how to follow 
instructions; how to ask questions; how to 
perform complex problem solving; how 
to work safely; plus the life experiences of 
moving away from home; being promot-
ed; being deployed. Compare that experi-
ence to their peers and the best-qualified 
test is more than matched.”

Before proceeding, the following point 
must be firmly established, as it figures 
predominantly in the remainder of the 
story. It is one of those things that is so 
simple and yet hides in plain sight. It 
seems that good-paying manufacturing 
jobs with a future go begging every day 
in this country. Indeed, polls indicate 
that employers say they are ready, willing 
and capitalized to hire veterans.

So where’s the problem?
“Vets don’t know the jobs are avail-

able,” says Aroney.
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And there you have one of the best 
kept secrets since Orson Welles’s War of 
the Worlds.

Incredibly, in this age of technical-
ly wondrous military communication, 
Aroney says “There’s no central clearing 
house to provide that information (job 
opening) to them and let them know 
how they fit the bill. They will typically 
take the first job that comes along, not 
necessarily the best job for which they 
are qualified.”

But some “help” from the military 
does exist, Aroney points out — if with a 
degree of circumspection — and a piece 
of information some will find disturbing.

“ The  mi l i t ar y  has  Trans i t ion 
Assistance Programs (TAPs), but I find 
there is wide variation in the level of ser-
vice and support they provide. There are 
also rules in place that prohibit potential 
employers from interfacing directly with 
these government agencies to hire transi-
tioning military.”

Which leads Aroney to wonder if 
these rules were instituted with a whiff 
of mendacity attached to them.

“I’m not certain, but I speculate (they 
are in place) to keep potential employers 

from luring away candidates who other-
wise might re-enlist; just a thought.

“Plus, (the military is) just not aware of 
the specific jobs that are available from 
specific employers in specific industries,” 
he continues. “(Vets) are only prepared 
to transition in general terms, by job cat-
egory such as sales, finance, maintenance, 
operations, etc. Before budget cuts, most 
transitioning military sought employ-
ment with government contractors; those 
jobs are drying up.”

TAPs also work with vets in teaching 
them how to dress for an interview and 
how to write a resume in “civilianese.” 
Yet, Aroney says, “There is still a chal-
lenge in understanding what specific 
jobs there are available and how to tai-
lor the vet’s training and experience into 
language on a resume that will be under-
stood by a specific civilian HR special-
ist and hiring manager. We’ve also done 
fairly well educating the HR specialists 
and hiring managers on what they get 
and how to translate the vet’s language.”

As for Barto, he need point no fur-
ther than his own Vet STRONG pro-
gram (www.vetstrong.us). “We have been 
extremely successful in getting employ-

ers, after they are educated, to pledge to 
hire and retain vets.”

Peters relies on word-of-mouth, 
knowing that Symbol is “well known in 
the greater Chicagoland manufactur-
ing community. A lot of our students are 
working in (local) manufacturing com-
panies. Symbol has a very tight work-
ing relationship with the manufactur-
ing community, and the companies are 
waiting for our graduates to enter their 
workforce. At the end of the day, the 
manufacturers want qualified candidates 
(vets or no vets). However, hiring a vet-
eran would be beneficial — especially 
if the company manufactures a lot of 
defense or military type components.”

These welcome success stories aside, 
what is still needed is “the squeaky 
wheel” to disseminate veterans-only job 
openings — yes, a password-protected 
national jobs board reserved strictly for 
veterans — because they’ve earned it. We 
have Monster; we have Careerbuilder; 
why not a Kickstarter-seeded, national 
jobs board for veterans?

As we close, we compared Aroney’s 
statement about the Army’s reluctance in 
sharing work skills-related information 
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about soon-to-be-discharged soldiers with 
prospective employers, and manufactur-
ers’ disinclination to open the purse strings 
for quality technical training, the ratio-
nale being a fear of losing newly trained 
employees to competitors offering higher 
pay. The irony could not go unremarked.

“The excuse used by manufacturers 
not to train for fear of losing those who 
received training is, in my opinion, the 
response of a reactive environment,” says 
Aroney. “If those who are trained are in an 
environment that provides a mechanism 
where their work is rewarding and needs 
for affiliation are met, then there is no fear 
of employees leaving. The data shows that 
a satisfied employee will require at least a 
20-30% increase in pay to leave a job where 
they are appreciated.

“A company that is afraid to spend money 
on training for fear the employee will leave 
has much bigger problems to solve.”

And one last thing — if you are in the 
position to help a vet and you would really 
like to do so, here’s a thought from former 
U.S. Secretary of Labor Hilda Solis: “If you 
own a business, the best way to thank a vet-
eran is to hire one.”
For more information:
Michael J. Aroney
Principal Consultant
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Tom Peters
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Doug Pierce
Chief Learning Officer
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www.dmgmori-usa.com
Joe Barto III
Founder and president
TMG Inc.
9737 Peppertree Road
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info@tmgva.com

Heroes, Every One
Alan Knight served for five years during Operation Desert 
Storm as a mechanic and QA inspector for M1 Abrams tanks 
and Bradley fighting vehicles. He has appeared with ARG’s 
Mike Aroney at various veteran-oriented events, as well as 
others. Despite his mechanic abilities, upon his discharge 
Knight scuffled to find work, eventually settling for work as 
a truck mechanic at $6.50 an hour. We caught up with Alan 
and asked him a few questions.

Gear Technology (GT): Why do you think the military has been so slow to 
develop a pipeline between soon-to-be-discharged soldiers and potential 
employers in need of skilled workers? With so many personnel on hand, 
you’d think they could spare people to do that.

Alan Knight (AK): In my opinion, the main reason is that it is the military’s 
job to train, and retain, skilled soldiers/marines/seamen/airmen to per-
form the military’s mission at the highest levels. They have spent tens, or 
even hundreds of thousands of dollars for training and caring for each 
service member to maintain operational readiness, so they are less inter-
ested in preparing someone to leave. I would offer that it isn’t any differ-
ent than the civilian world in that respect. I know of no company that I 
have chosen to leave that offered me any assistance in pursuing my next 
job opportunity.

GT: Does the army conduct an equivalent to the civilian “exit interview” 
with outgoing soldiers?

AK: I had “exit” counseling that consisted of resume help from a civilian 
person that, looking back, had zero HR experience and likely had no out-
side employer experience for years as a government civilian worker.

GT: One common thread running through all the stories over recent years 
about the skills gap, the greying workforce, and the training and hiring 
of veterans is the disconnect between the trainers, the trainees, and the 
employers — as if they are all working in their own vacuum chambers. I 
see where you tout working with Hiring America’s Heroes (HAH) (hiream-
ericasheroes.org), but is that enough? What more can be done to fix this?

AK: Working with HAH is a start. There are many other organizations that 
work with veterans and corporations as well. I think the key is getting 
these organizations involved at the base level as part of the transition 
process would be very beneficial to the service member, but getting the 
word out to the HR directors in the business community is perhaps even 
more important.

GT: How are things working for you these days?

AK: I would say very well. I have left my reliability consulting position at 
Allied Reliability Group and have taken a position at Mueller Company in 
Albertville, AL as the reliability engineer. I have already been in contact 
with our HR director about these veterans organizations as a way to fill 
the employee needs that we have right now and for the future.

J. McGuinn

employment
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Decades ago, technology shift-
ed from HSS to indexable 
inserts in turning and milling. 
This movement wasn’t immediately real-
ized in gear hobbing because coated 
PM-HSS hobs and complex gear profiles 

remained highly 

effective and productive methods. Only 
fairly recently have gear manufacturers 
started to take a serious look at index-
able technology to cut gear teeth. A shift 
away from conventional gear machining 
to machining centers/five-axis machines 
is one of the major factors in this shift. 
Furthermore, advances in both produc-

tivity and quality in indexable gear tool-
ing also play a central role in this devel-
opment. Finally, new materials in gear 
production are making indexable tooling 
attractive to many gear manufacturers.

Conventional machine tools 
versus machining centers/five-

axis machines
Today’s gear manufacturers are 

forced to be more flexible in 
order to satisfy require-

ments for shorter runs and 
relatively small batch-
es of gear profiles with 

greater variety in spec-
ifications from run 
to run. We all know 
that HSS machin-
ing is still the most 
common process for 
gear hobbing, but 
for aerospace, auto-
motive, construction 
and heavy machin-
ery industries alike, 
the pace of change is 

accelerating. Product 
lifespans are getting 

shorter as new technol-
ogies are implemented 

at a faster clip than ever 
before. Part runs are then 

forced to become shorter, 
which in turn requires gear 

manufacturers to consider alter-
native methods of gear cutting. 

Indexable tooling can provide faster 
turnaround times, providing improved 
productivity while retaining quality and 
better consistency.

The technology shift from HSS to 
indexable tooling and from conventional 
machining to machining centers/five-
axis machining can be advantageous not 
only for small-volume gear producers, 
but also for medium- to high-volume 
gear producers. Tooling technology is 
moving away from special tooling and 

toward standard tooling, which means 
an operator of the future will be able to 
get all the necessary tooling in one to 
two days. Large-volume gear shops are 
attacking the new landscape with index-
able tooling flexibility, augmenting and 
replacing the traditional HSS lineup of 
tools.

Industry trends toward smaller batch-
es and more variety are similar for larg-
er- and smaller-volume gear production 
facilities alike. But for dedicated shops, 
total gear volume is high regardless of 
batch size. The shift from a single, spe-
cialized tool for every job, to increasing-
ly standardized tooling systems capable 
of addressing a variety of gear machin-
ing, is a major change for the gear indus-
try as a whole.

InvoMilling, for example, uses stan-
dard tools. This technology allows oper-
ators to machine the tooth gap and gear 
on a multitask/five-axis machine as cus-
tomer needs change. One indexable tool 
with inserts can be used for a range of 
modules, which means that no dedicated 
tools need to be ordered.

Previously, specialized tooling had to 
be ordered 10 weeks before any pro-
duction could start. The flanks, which 
provide the contact length between 
two mating gears, can be machined in 
any way the gear transmission designer 
chooses. The same can be said about 
the root of the gear, which provides the 
transmission’s strength.

Productivity and quality in 
indexable gear tooling
In most cases, an indexable hobbing 
tool like the CoroMill 176 from Sandvik 
Coromant not only replaces HSS hobs, 
but also can be used as a roughing hob 
next to an existing solid HSS hob on the 
same arbor, when quality demands can-
not be reached only by the indexable 
hob. The road to increased productivity 
is all about freeing up time on a shop’s 
existing hobbing machines, and mini-

The Technology Shift
HSS vs. Indexable in Gear Hobbing
Mats Wennmo, senior technical manager, gear milling solutions, Sandvik Coromant
Miikka Holopainen, sales and application specialist, gear milling solutions, Sandvik Coromant
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mizing downtime. This is the main driv-
er for gear manufacturers to begin incor-
porating indexable hobs in their shops.

Indexable hobbing systems like these 
can more than double tool life and 
reduce cutting time by more than 50 
percent, depending on the situation, 
compared with traditional HSS hobs. 
But a multitude of factors need to be 
taken into account. For instance, for 
all of their potential in increasing pro-
ductivity, current models of indexable 
hobs cannot outperform the ultra-pre-
cise tolerances that new HSS hobs are 
able to hold. After a traditional hob’s 
first regrinding, however, most quality 
parameters that influence the quality 
of the gear wheel are in the same toler-
ance range for both the HSS and index-
able hob. Indexable hobs don’t require 
regrinding or recoating; instead, the 
inserts can be swapped out as neces-
sary. What’s more, the minuscule cut-
ting deviations that can occur on a gear 
wheel as a result of changing from a 
worn insert to a new insert in an index-
able hob are normally much less pro-
nounced compared to the deviations that 

can occur between a worn HSS hob and 
its first regrinding.

Cost per part is a major consideration. 
Operators can produce more parts in the 
same machine, and postpone investment 
in new machine tools. Another factor is 
speed of delivery, as adding new inserts 
to an indexable hob is a lot less time-
consuming than ordering and waiting 
for a specialty HSS hob or sending the 
hob away for regrinding, coating etc. 
And keeping extra hobs on hand to keep 
production going during regrinding is 
adding expensive inventory to an opera-
tor’s tool selection.

However, indexable hobs serve a spe-
cific window of gear sizes, ranging from 
module 3 to 10. Typical components 
are large gear wheels for heavy vehicles, 
aerospace gears and industrial transmis-
sions. For even larger gear operations, 
hobs like the CoroMill 177 cover module 
ranges 10 to 26. Insert grade, coating and 
geometry also must be considered with 
indexable hobbing solutions, as they fac-
tor directly into the tool quality.

Increased machine capacity and 
uptime aren’t the only advantages of 

some indexable tools. With the CoroMill 
176 hob specifically, operators are also 
able to capitalize on modular capabili-
ties.

With this versatility, an operator is 
able to speed up tool changes, reduce 
downtime and increase quality – inde-
pendent of the existing hobbing machine 
brand in the shop. (See Figures 1-2)

Tool setup time can be reduced thanks 
to the modular nature of a hob with a 
Coromant Capto toolholder and spindle 
interface. Setup time can drop to five 
minutes for a job that once took 30 min-
utes. The high accuracy of the Coromant 
Capto couplings automatically minimiz-
es runout in the tool assembly. When 
using a modular solution, the operator 
no longer requires an arbor, spacer or 
hydraulic nut, reducing the number of 
connections to create a more rigid, fast-
er-to-set-up tool assembly. This directly 
translates to improved gear wheel qual-
ity and process reliability. The improved 
stiffness of the CoroMill 176 modular 

indexable
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hob design makes the tool much more 
solid; neither bore nor arbor is required. 
Increased stiffness also reduces vibra-
tion, leading to better gear quality. It 
is a real problem-solver in cases where 
smaller-diameter hobs are needed.

Older machines still get the job 
done
Even with all of the movement towards 
gears on multitask machines, indexable 
hobbing tools offer plenty of benefits to 
traditional, dedicated hobbing machine 
operations. It’s a common misconception 
today that productivity gains from the 
latest tooling technologies can only be 
realized with the latest in machine tools 
and equipment. In reality, operators can 
greatly benefit from the latest tooling 
even if you choose not to invest in new 
machine tools at the moment.

Older machines can indeed be lim-
ited in spindle speed and table feed 
compared to a state-of-the-art machine 
tool. But tests show that productivity 
improvements between 50 and 300 per-
cent are still regularly achieved, even 
on older machines. Modular flexibil-
ity improves productivity via improved 
tool setup time and a higher-quality gear 
wheel, regardless of the spindle speed or 
table feed.

Partnerships breed innovation
Partnerships between tool makers like 
Sandvik Coromant and machine build-
ers like DMG Mori and Klingelnberg/
Höfler push gear tooling technol-
ogy forward. New machine capabili-
ties stretch the barriers of what tools 
are able to do, so tool manufacturers 
need to constantly evolve to keep pace. 
And to a certain extent, tooling technol-
ogy pushes machine tool technology, 
as well. In a frequently changing land-
scape, constant collaboration helps tool 
maker and machine tool manufacturer 
evolve together, building in efficiencies 
and streamlining in ways that wouldn’t 
be possible without cooperation. The 
feedback loop between machine tool 
builder partners is crucial to Sandvik 
Coromant’s service to the end user, mak-
ing it key from a quality perspective to 
get these tools into various machines 
and get feedback on the machine tool 
side.

In addition to using the tools them-
selves, both Höfler and DMG Mori 
use a Coromant Capto interface in the 
machine spindle. Coromant Capto, 
together with the modular technology, 
improves quality and setup time con-
siderably. And because these partners 
use Coromant Capto, introducing the 
CoroMill 176 indexable hobbing system 
is simple – just another example of how 
co-evolution of tooling companies with 

machine tool manufacturers results in 
simplified experience for the end user.

The machine tool manufactures that 
Sandvik Coromant partners with are also 
skilled in software development for their 
machines. Since the machine, clamping 
and tool each has an effect on the qual-
ity of the gear wheel, it is really impor-
tant that they all be designed to work in 
unison.

The InvoMilling technique is a recent 
example of this type of collaboration. 
Sandvik Coromant developed the soft-
ware, but has been working closely with 
machine tool builders to implement it 
correctly, optimize it for a machine or 
group of machines, and ultimately ben-
efit the end users’ experience.

Gear material and design 
development
Corporate social responsibility and sus-
tainability are setting new standards for 
the future of gear machining. Increased 
pressure in combust ion engines 
improves combustion and reduces emis-
sions. Power density on existing trans-
missions is increasing. This translates 
into new gear materials and new steels 
– clean steels.

With indexable tooling, it’s easy to 
dry-machine gear profiles. Keeping cool-
ant and oil out of the chips allows opera-
tors to eliminate any additional or exter-

Figure 2  Stiffness and runout accuracy in the assembled tool are very good.

Figure 1  CM 176 Modular hob is equipped with Coromant Capto couplings. Only three parts are needed for tool assembly; Adapter to support side, CM 
176 hob and adapter to spindle side.
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nal process that might be required to 
sanitize chips or remove oil.

This not only provides clean chips 
with a higher scrap price and less work 
for operators, it saves time and money. 
Coolant oil is expensive, and remov-
ing the oil mist in production makes life 
in the shop cleaner, healthier and more 
comfortable. Plus, limiting the use of 
these types of oils is a positive for the 
global environment.

Also, current gear development leans 
toward increased contact lengths on 
the flanks of the gear tooth. This means 
asymmetrical gears are more and more 
common. Because of the basic rack pro-
file, these gears are more difficult to pro-
duce with conventional HSS gear tools 
and conventional gear machines.

What’s next
More indexable tooling will be intro-
duced to the market in coming years. 
One area of interest includes bevel gears, 
which are mainly made with conven-
tional machining today. Power skiving 
indexable tooling, together with mono-
block finishing tools, also offers a lot 

of potential over conventional 
machining. Through one setup, 
an operator can do all necessary 
machining. So by eliminating 
runout and center deviations 
that result from multiple setups, 
average gear component qual-
ity can be maximized. On top 
of that, an operator can consid-
erably reduce the cycle time, in 
most cases by more than 50 per-
cent.

As we look to the future, 
many different factors and 
trends are working in unison to 
bring indexable tooling to the 
forefront in gear manufacturing. 
New machine tool technology 
and capability, better perform-
ing inserts and insert geome-
tries, environmental and sus-
tainability requirements on what OEMs 
are producing, special requirements of 
new, hard materials used in gears, and 
the increasing pressure to turn around 
high precision gears more quickly and 
for less – each has had a hand in the 
ongoing technology shift. 

For more information:
Sandvik Coromant
Phone: (800) 726-3845
www.sandvikcoromant.com
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Expert answer provided by Jim 
Caldwell, Star SU LLC

Ideally, the shaved gear tooth surface 
should be smooth with very light, uni-
form feed marks and have a soft, non-
glossy appearance. It may not always 
be possible to attain the ideal condition 
due primarily to factors such as the gear 
tooth dimensions (module, face width, 
number of teeth), the method of shaving 
(conventional or plunge), having a suit-
able cutter design, or the machine con-
dition and cycle parameters. The good 
news is that unde-
s irable  shaving 
marks can be pre-
vented — or at least 
minimized. There 
are several com-
mon types of shav-
ing marks, each 
stemming f rom 
different causes. 
B e l ow  we  w i l l 
define (describe) 
them and identify 
potential remedies.

Glossy stripes 
near  one  face . 
With conventional shaving it is com-
mon to see a series of stripes on the side 
of the gear where the shaving cycle stops. 
These stripes will be glossy in appear-
ance and their width will coincide pre-
cisely with the width of the serrations 
on the cutter. These stripes or pressure 
marks are the result of tool pressure 
remaining at the end of the cycle. Often 
these pressure stripes are merely cosmet-
ic and no action is necessary. However, 
if too much tool pressure remains at the 
end of the cycle, you will be able to see 
and feel undesirable ridges accompany-
ing these pressure stripes.

Preventive measures:

• Add an extra pass to the machine 
cycle.

• If the machine allows, try using a neg-
ative infeed on the last pass in order to 
reduce pressure.

• Shave with a slight diagonal angle (10° 
or 12°).

• Consider reducing the amount of 
shaving stock.

• Consider going to another method of 
shaving, such as underpass or plunge.

Consistent, heavy feed marks. The 
gear has somewhat consistent, heavy 
feed marks across the entire face 

width — from top 
to bottom — marks 
that sometimes are 
even visible in a 
lead trace. If it is a 
new application, it 
could be a problem 
with the machine 
cycle. The cutting 
time may be insuf-
ficient to remove 
the stock, or the 
feed direction may 
be wrong. It could 
also mean that the 
tool being used is 

not compatible with the part; check the 
manual or with the vendor.

If it’s a plunge shaving application, it 
could be that the tool has become dull, 
which will cause the waviness you are 
seeing across the face of the part.

Tearing or gouging near the tooth tip. 
A very rough tearing or gouging occurs 
across the entire face width, but only in 
the upper portion of the tooth (Fig. 1). 
The dedendum of the tooth will have 
a completely normal, shaved appear-
ance. This condition tends to occur in 
conventionally shaved pump gears or in 
other applications having a low number 
of teeth, high pressure angle, or larger 

modules. It occurs when the involute 
sliding velocity is too high relative to the 
helical sliding with the cutter. The fol-
lowing actions have proven effective to 
ameliorate this condition:
• Slow down the rotation speed of the 

cutter to a minimum.
• Make sure the coolant is not degraded; 

change as needed.
• Certain cutter profile modifications 

have proven helpful; check with your 
vendor.

• Consider having the cutter redesigned. 
It may be possible to change the helix 
angle and serration dimensions of the 
cutter design to rid yourself of this 
condition.
Random marks or irregular scratches. 

If the marks do not occur in a consistent 
fashion across the face width or around 
the circumference of the gear, here are a 
few of the more likely causes:
• Damage to some of the cutter teeth.
• Gears being shaved without having 

been properly deburred, resulting in 
heavy burrs from hobbing or shaping 
breaking off during shaving and get-
ting lodged in the mesh or between 
the cutter lands, causing heavy ran-
dom marks on the part.

• Too many shaving chips circulating in 
the coolant, causing a scratchy finish; 
chip separator not working properly 
or dirty machines are the likely causes.

• Insufficient coolant flow or misdirect-
ed coolant nozzle, allowing chips to 
collect on the part, rather than being 
carried off by the coolant flow.

What causes shaving cutter marks on 
gear flanks and can they be prevented?

QUESTION

Machine Marks on Gear Flanks: 
Their Cause and Prevention

Email your question — along with your name, 
job title and company name (if you wish to 
remain anonymous, no problem) to: jmcguinn@
geartechnology.com; or submit your question by 
visiting geartechnology.com.

Jim Caldwell is the 
Gear Cutting Tool Product 

Manager for Star SU LLC.

Figure 1 Example of tip gouging.
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Introduction
Splines are used commonly in power 
transmission systems for coupling two 
rotating components such as a shaft and 
its gear. They provide higher load carry-
ing capacity over keyed shafts, and hence, 
represent better durability performance. 
In addition, they can tolerate a certain 
amount of angular misalignment and rel-
ative sliding between their internal and 
external components. The most common 
failure modes observed in spline joints 
include surface wear, fretting corrosion 
fatigue, and tooth breakage (Refs. 1, 2). 
In spite of such experimental studies, lit-
tle is known about spline failure mecha-
nisms since accurate load distribution 
prediction models are not available, espe-
cially for the cases where the loading is 
three-dimensional as in the case of heli-
cal or cross-axis gear splines (Refs. 3–10). 
These models can predict load distribu-
tion of splines, but they are limited to 
simple loading conditions. Other compli-
cating effects such as spline surface mod-
ifications and spline tooth manufacturing 
errors such as indexing or spacing errors 
are also not considered in these models.)

This paper aims at developing a finite 
elements (FE)-based computational 
model of gear-shaft splines. The objec-
tives of this paper are as follows:
• Develop a computational model of a 

gear-shaft spline interface under com-
bined torsion, radial forces and tilting 
moments.

• Establish nominal load distribution 
conditions under pure torsion, spur 
gear loading (torsion and radial force) 
and helical gear (torsion, radial force 
and tilting moment) loading condi-
tions.

• Quantify the change to baseline load 
distributions caused by misalignments, 
spline tooth (lead and profile) modifi-
cations and spline helix angle.

• Investigate the influence of indexing 
errors on baseline spline load distribu-
tions.

Computational Model
A commercial FE-based contact mechan-
ics  model  Helical-3D  (Advanced 
Numerical Solutions, Inc.) designed spe-
cifically for loaded contact analysis of 
helical gears is modified here to analyze 
spline joints. The core contact solver of 
this software (CALYX) is based on a for-
mulation by Vijayakar (Ref. 11), which 
combines the finite element method 
and surface integral method to repre-
sent the contact bodies, and calculates 
the load distribution and rigid body dis-
placements by using the linear program-
ming method. Details of the application 
of Helical-3D to analysis can be found in 
Reference 12. A brief description will be 
provided here for completeness purposes.

The first phase of contact analysis is to 
determine the contact zone. CALYX esti-
mates the contact zone by using Hertz’s 
model after locating a set of primary con-
tact points on the contacting surfaces 
and determining relative principal cur-
vatures and directions. For this, two con-
tacting surfaces, Σ1 and Σ2, are defined in 
terms of their curvilinear parameters s 
and t as r1(s1,t1) and r2(s2,t2). The primary 
contact points are determined and locat-
ed when r1 and r2 become the closest to 
each other (Ref. 11). For this, the surface 
r1(s1,t1) is discretized into a grid of points 
r1ij(s1i,t1j). For each of these grid points, a 

primary contact point r2ij(s2i,t2j) is deter-
mined such that ||r1(s1,t1) – r2(s2,t2)|| is 
minimum. The principal curvatures and 
principal directions of two surfaces at the 
common contact point p are determined 
in terms of the coefficients of the first 
and second fundamental form of the sur-
faces. The second phase is to compute the 
compliance matrix and set up the contact 
equation to be solved by a modified sim-
plex method. Hertzian theory is used to 
predict the size of the contact zone and 
consequently a grid of points in the con-
tact zone is laid out on both surfaces. 
Then a surface integral method near the 
contact zone and a finite element meth-
od away from the contact zone are com-
bined to predict cross compliance terms 
between the set of grid points.

The displacement u(rij; r) at a field 
point r caused by a unit normal force at 
surface grid point rij is given as (Ref. 11):

(1)
u(rij;r) = (u(si)(rij;r) − u(si)(rij;q)) + u(fe)(rijr;q)

Here q is some location inside the body 
on a matching surface, sufficiently far 
beneath the tooth surface. The first two 
terms in this equation denote the rel-
ative deflection of r with respect to q, 
which is evaluated using the surface inte-
gral formulae. The third term denotes 
the displacement of q, which is com-
puted using finite element method. The 
point q is chosen such that elastic half-
space assumption will be valid and the 
finite element prediction will not be sig-
nificantly affected by local stresses on 
the surface. The surface integral and 
finite element solutions are combined 
along this matching surface interface, as 

Load Distribution Analysis 
of Spline Joints
J. Hong, D. Talbot, A. Kahraman

This work is the sole property of the Gear and Power Transmission Research Laboratory Department of Mechanical and Aerospace Engineering, 
The Ohio State University, 201 W. 19th Avenue, Columbus, OH 43210, USA

A finite elements-based contact model is developed to predict load distribution along 
the spline joint interfaces; effects of spline misalignment are investigated along with 
intentional lead crowning of the contacting surfaces. The effects of manufacturing tooth 
indexing error on spline load distributions are demonstrated by using the proposed model.
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described in detail (Ref. 11). The combi-
nation of surface integral formulae and 
finite element method described above 
provides an accurate and numerically 
efficient way of obtaining the compliance 
matrix for the contacting bodies.

Finite Element Model of an 
Example Spline and Analysis 
Results
Figure 1 shows the contact model for an 
example clearance-fit spline joint that is 
designed according to ANSI Standard 
B92.1-1996; Table 1 lists its main param-
eters. The system model consists of a 
shaft, an external spline and an internal 
spline. Over the potential contact area, 
the model shown in Figure 1 uses a con-
tact grid with M number of elements 
in the face width direction and N num-
ber of elements along the profile direc-
tion. Within each contact element there 
are two contact grids in both face width 
and profile direction. Width of the con-
tact cells is defined such that 2N grids in 
the profile direction can capture all the 
contact on the tooth. With this, a spline 
joint with Z teeth would have a total of 
Z × 2M × 2N grid cells defining the con-
tacts along the drive flanks of the teeth. 
The model allows intentional deviations 
from the involute spline tooth surfaces 
such as profile and lead modifications as 
in spur and helical gears to prevent any 
undesirable edge contact conditions. In 
addition, a similar contact grid with the 
same resolution can be defined along the 
other Z coast tooth surfaces to capture 
any back side contacts.

This example spline interface is loaded 
in two different ways. In the first case, 
a moment (torsion) T is applied to the 
end of the shaft (Figure 2a), while the 
cylindrical disk having the internal spline 

is constrained along its perimeter to 
represent a purely torsional loading of 
the spline with no radial force and tilt-
ing moment. The second loading case 
(Figure 2b) represents a spline support-
ing a gear where T, applied torque, is 
balanced by (a) the mesh force Fn = 2T/
(dp cosαn) where αn and dp are the normal 
pressure angle and pitch circle diameter 
of the gear, respectively, Fn that is acting 
on the normal plane of the gear along the 
line of action has a tangent component 
Ft = 2T / dp, a radial component Fr = Ft tan 
αn / cosβ and an axial component Fa = Ft 
tanβ, where αn, β and dp are the normal 
pressure angle, helix angle and pitch cir-
cle diameter of the gear, respectively. This 
results in a torsion T about the rotational 
axis z of the shaft, radial forces Fx = Ft, 
Fy = -Fr, and tilting moment Mx = T tan β 
about the x axis in Figure 2b. In this case, 
the moment Mxwas applied in addition to 
Fx and Fy to the gear tooth and T applied 
to the input end of the shaft.

Influence of loading conditions. In 
case of pure torsion loading (Figure 2), 
identical load distributions on each spline 
tooth are predicted with the load vary-
ing in an exponential manner in the face 
width direction. Figure 3a shows var-
ious views of the shaft spline to dem-

onstrate the loads carried by individual 
contact grid cells on each tooth. As this 
type of a representation of the tooth load 
distributions is not practical, the con-
tact surface of each tooth of the shaft 
spline was mapped to a rectangular win-
dow (Figure 3b) with the load distribu-
tion of the tooth surface displayed on 
this window. Using this method, load 
distributions on all of the teeth can be 
viewed simultaneously and conveniently 
(Figure 4) for this torsional loading case. 
Figure 4 shows the load distributions on 
the spline teeth under pure torsion at 
torque levels of T = 2,000 and 4,000 Nm. 
For instance, at T = 4,000 Nm, maximum 
contact stress is predicted to be about 
123 MPa that occurs at the edge on the 
input side where the torque is applied to 
the shaft. Contact stresses reduce signifi-
cantly with the axial distance from this 
edge. Non-uniform load distributions 
become clearer with increased T while 
the location of maximum stress remains 
at the input-side edge. It is noted that 
as the torque increases, the contact area 
extends towards the edge of the spline 
teeth along the profile direction and the 
contact stress increases simultaneous-
ly — with the load distribution pattern 
remaining the same.

Figure 1  Spline finite element model; (a) spline interface, (b) internal spline, (c) external spline and shaft, (d) potential contact area and contact 
elements.

Table 1 Example spline design used in this study
External spline Internal spline

Number of teeth 25
Spline Module [mm] 3.175

Pressure angle 30°
Base diameter [mm] 68.732
Major diameter [mm] 82.550 85.725
Form diameter [mm] 76.022 82.728
Minor diameter [mm] 73.025 76.200

Circular space width [mm] - 5.055
Circular tooth thickness [mm] 4.981 -

Inner rim diameter [mm] 58 95
Outer rim diameter [mm] 64 150

Inner shaft diameter [mm] 45 -
Outer shaft diameter [mm] 58 -

Profile crown [µm ] 5 0.0
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Next, consider a helical gear loading 
case. Relevant helical gear tooth param-
eters are the normal pressure angle of 
αn = 20°, and the pitch circle diameter of 
dp = 160 mm. Helix angle β of the gear is 
varied from 0° (spur gear loading) to 20° 
at a torque value of 4,000 Nm to predict 
the load distributions shown (Figure 5). 
For the spur gear loading (Figure 5a), 
load sharing along the face width direc-
tion is still biased towards the side where 
torque is applied. Load distributions are 
no longer identical for all the spline teeth 
since the loading is no longer axisym-

metric. With tooth #1 centered below 
(and closest to) the gear mesh, teeth 1-8 
and 21-25 are shown to experience larger 
loads while teeth #9-20 bear less load. For 
instance, the resultant maximum contact 
stresses at T = 4,000 Nm are 129, 108, 101 
and 167 MPa for teeth #5, #10, #15 and 
#24, respectively, as a direct consequence 
of this unequal loading. In comparison to 
Figure 5a, helical gear loading maintains 
the same qualitative load sharing char-
acteristics of spline teeth. Figures 5b and 
5c show that teeth #1-8 and #21-25 carry 
larger load, while teeth #9-20 are loaded 

less. This can be explained by the fact 
that the spline interface transmitted the 
same radial load in spur gear loading and 
helical gear loading conditions. However, 
a remarkable difference is observed that 
axial load distribution on teeth #19-25 
and #1-2 is biased to the opposite side to 
which torque is applied. This is due to the 
additional tilting moment Mx transmit-
ted over the spline interface, which causes 
the load on some teeth to be biased to 
the other side to balance it. It is observed 
that as β increases, the load on each tooth 
gets more concentrated on the side where 
the load is biased. For instance, loads 
on teeth #3-10 are concentrated to the 
side where the torque is applied, while 
loads on teeth #20-25 are concentrat-
ed to the opposite side. The maximum 
contact stresses are 182 and 334 MPa for 
β = 10° and 20°, respectively, with the cor-
responding tilting moments of Mx = 705 
and 1,456 Nm. The load concentration 
increases significantly because of the 
larger resultant tilting moment on the 
spline when the β increases.

Effect of Design Variations
Misalignments and lead crown modi-
fications. Misalignment of spline cou-
plings has been recognized as harmful to 
splines because it causes significant load 
concentration on spline teeth, and accel-
erates wear and fretting fatigue of splines 
(Refs. 2, 13). Significant load concentra-
tion observed in both misaligned splines 
(Figure 6a, a misalignment of φ = 0.12°) 
and splines experiencing helical gear 
loading (Figure 5b-c) can be potentially 
remedied by applying a lead crown modi-
fication along the face width direction. 
Figure 6 shows load distributions of a 
spline having a misalignment of φ = 0.12° 
along with different lead crown modifi-

Figure 2  A spline model with different loading conditions; (a) pure torsion loading 
and (b) gear loading.

Figure 3  (a) Load distribution of a spline under pure torsion loading, and (b) mapping of the load 
distribution on a tooth to a rectangular window.

Figure 4 Load distributions of the example spline under pure torsion loading at different torque levels.
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cation magnitudes of δ = 0 and 40 μm at 
T = 4,000 Nm under pure torsion load-
ing. It is observed that the crown modi-
fication moves the load from the edge 
to the center of the spline, in the process 
reducing the maximum contact stresses 
significantly. Figure 7 shows load distri-
butions on the splines with different lead 
crown modification magnitudes of δ = 0 
and 40 µm for helical gear loading with 
β = 20° at T = 4,000 Nm. Unlike in the 
misaligned spline case, lead crown modi-
fication under a helical gear loading con-
dition neither reduces load concentra-
tion, nor moves the tooth load from the 
edge to the center. This occurs because 
the moment acting on the spline remains 
a constant for a given torque in helical 
gear loading despite the lead crown mod-
ification. The biased load concentration 
exists no matter how much lead crown 
modification is adopted.

Helical splines: Figure 8 shows the load 
distributions of helical splines having dif-
ferent spline helix angles of γ = -10°, 0° 
and 10° under helical gear loading con-
dition with a helical gear (β = 20°) at 
T = 4,000 Nm . A negative spline helix 
angle represents a left-handed helix and 
a positive helix angle represents a right-
handed helix. It is observed that a right-
hand spline helix helps reduce load con-
centration, and a left-hand spline helix 
condenses the load concentration. For 
instance, the maximum contact stress-
es are 334 MPa for a spur spline (γ = 0°) 
under helical gear loading with a right-
hand helical gear. The maximum con-
tact stress increases dramatically to 
754 MPa for left-hand spline helix angles 
of γ = -10°. On the other hand, the maxi-
mum contact stresses drop significant-
ly to 211 MPa for right-handed splines 
with helix angles γ = 10°. The maximum 
contact stress is reduced by more than 
35% and more teeth are observed to carry 
load (Figure 8c). The dominant factor is 
that the spline helix introduces an axial 
load that can either increase the tilting 
moment or counterbalance the tilting 
moment, depending on its direction. For 
a spline loaded by a right-handed gear, 
a right-hand spline helix would induce 
an axial load to counterbalance the tilt-
ing moment thus reducing the load con-
centration. On the other hand, a left-
hand spline helix would induce an axial 
load, which would increase the tilting 

Figure 5  Load distributions of a spline under helical gear loading with different helix angles, β, at 
T = 4,000 Nm.

Figure 6  Load distributions of a misaligned spline having different lead crown modification 
magnitudes, δ, at T = 4,000 Nm and φ = 0.12°.

Figure 7  Load distributions of a spline under helical gear loading having different lead crown 
modification magnitudes, δ, at T = 4,000 Nm, and β = 20°.

Figure 8  Load distributions of helical splines having different spline helix angles, γ, under helical 
gear loading with a gear helix angle, β = 20°, at T = 4,000 Nm.
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moment thus resulting in larger load con-
centration on the spline teeth. The result 
implies that in helical gear loading con-
ditions, selecting a helical spline with the 
same helix direction as that of the helical 
gear could reduce the load concentration, 
and improve load distribution.

Effect of Spline Tooth Indexing 
Errors
Investigations of spline load distributions 
discussed above all assumed perfect tooth 
geometry, ignoring the effect of tooth 
indexing errors. However, it occurs fre-
quently that some spline teeth exhibit 
heavier damage than others, which might 
be caused by spline tooth indexing errors 
(Refs. 12-14). In order to demonstrate 
the effect of indexing errors on spline 
load distributions, a spline joint with a 
random tooth indexing error distribu-
tion is considered next. Figure 9 shows a 
random tooth indexing error sequence 
considered together with the correspond-
ing spline load distribution at T = 2,000 
and 4,000 Nm under pure torsion condi-
tion. Load concentrations are observed 
on spline teeth having larger indexing 
error, such as spline tooth #6, #9, #12 
and #19. Teeth with larger indexing error 
have smaller clearance, and they will 
engage first. Teeth with smaller indexing 
error have larger clearance and they will 
gradually come into contact when the 
torque increases to a certain level. Figure 
9 emphasizes that the load concentration 
resulting from spline tooth indexing error 
is significant and must be accounted for 
in the design of a spline at a certain qual-
ity level.

Summary and Conclusions
A finite element-based computational 
model of a gear spline-shaft interface 

under combined torsional load, radial 
load and tilting moment was proposed. 
Load distributions of the baseline system 
of the spline coupling under pure tor-
sion, spur gear loading and helical gear 
loading were characterized. Pure torsion 
loading results showed identical load dis-
tributions on all spline teeth, with each 
tooth exhibiting exponentially decreas-
ing load in axial direction while helical 
gear loading led to cyclic load concentra-
tion oscillating across the face width of 
the spline teeth. The effectiveness of lead 
crown in improving load distributions 
of misaligned splines was demonstrated. 
Selecting a helical spline with the same 
helix direction as that of the helical gear 
loading the spline was shown to reduce 
the load concentration and improve load 
distribution of splines undergoing helical 
gear loading. Finally, effects of indexing 
errors of spline teeth were investigated 
for the pure torsion loading case to show 
significant unequal load sharing at spline 
teeth due to indexing errors.
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Introduction
The face load factor KHβ, which in rating 
equations represents the load distribution 
over the common face width in mesh-
ing gears, is one of the most important 
items for a gear strength calculation. In the 
international standard for cylindrical gear 
rating, ISO 6336-1 (Ref. 1), using method 
C, some formulas are proposed to get a 
value for this factor. But as the formulas 
are simplified, the result is often not very 
realistic. Also AGMA 2001 (or AGMA 
2101) (Ref. 2) proposes a formula for KHβ, 
different from ISO 6336, but again not 
always appropriate. Therefore a note in 

AGMA stipulates, that “It may be desirable 
to use an analytical approach to determine 
the load distribution factor.”

In the last edition of ISO 6336 (2006), 
a new annex E was added: “Analytical 
determination of load distribution.” This 
annex is entirely based on AGMA 927-
A01 (Ref. 3). It is a well-documented pro-
cedure to get a direct and precise number 
for the face load factor.

Today an increasing number of gear 
designers are using tooth contact analy-
sis (TCA) methods (Ref. 4) to get precise 
information about the load distribution 
on the full gear flank. Contact analysis is 
very time consuming and does not per-
mit to get a value for KHβ, as defined by 
the ISO or AGMA standard. A contact 
analysis result combines different factors 
of ISO 6336 as KHβ, KHα, Zε, Zβ, ZB, ZD and 
buttressing effects, etc.; thus to extract 
KHβ from a TCA is not possible.

The use of the algorithm, as proposed 
by AGMA 927, is a good solution to get 
proper values for KHβ; it is simpler and 
therefore much quicker than a contact 
analysis calculation. This paper explains 
how this algorithm can be applied for 
classic gear pair rating procedure, for rat-
ings with complex duty cycles and even 
for planetary systems with interdepen-
dent meshings between sun, all planets 
and ring.

How it Began: A Problem during 
the Drilling of the World’s Longest 
Tunnel in the Swiss Alps
Since 1999 the world’s longest tunnel (57 
km or 36 miles) has been under con-

struction in the Swiss Alps. In 2002 a 
problem was found in one of the tunnel 
boring machines during an inspection. 
The main drive of the machine consists 
of a large ring gear, driven by 8-12 pin-
ions. The outer ring of some of the bear-
ings on the pinion shaft rotated in the 
housing and therefore the bearing seat 
was worn. Underground in the tunnel the 
boring machines were repaired as well as 
possible; a final check showed that the 
coaxiality had a deviation up to 0.2 mm 
(0.008 in). We were requested to propose 
the best possible flank line modification 
to compensate the coaxiality error. For 
logistical reasons all the pinions had to be 
replaced; all pinions should get the same 
modification. Therefore our job was to 
propose a modification that would best 
compensate for possible coaxiality error 
between −0.2 and +0.2 mm, and to prove 
that with these pinions, the remaining 
1,500 operation hours until the tunnel 
break-through could be performed with-
out failure.

This engineering problem contained 
some new, interesting aspects. In the 
shaft calculation of KISSsoft (Ref. 5) we 
had for a long time a feature to calcu-
late the gap between the face of the gear 
and a stiff wall. This was a helpful fea-
ture to find easily the optimum flank 
line modification. But the given problem 
needed some improvement of the soft-
ware, because for the lifetime calculation 
according ISO 6336 the determination of 
the face load factor KHβ was needed; and 
therefore the load distribution over the 
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Figure 1  Display of the gap and the 
corresponding load distribution 
following ISO 6336-1 (Ref. 1).
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face width had to be calculated consider-
ing the stiffness of the mating gear.

Determination of load distribution 
over face width. The cause for the uneven 
load distribution over the face width is 
flank line deviations in the contact plane 
of two gears. Deviations are caused main-
ly by elastic deformations of the shaft, 
stiffness and clearance of bearings and 
housing, manufacturing tolerances and 
thermal deformations.

The determination of the load distri-
bution is – as documented in the gear 
theory – performed in two steps. At first 
the gap in the tooth contact is calculated. 
Then, using the tooth mesh stiffness cγβ 
(Ref. 1), the line load distribution is deter-
mined. This approach is well documented 
in ISO 6336-1. The standard simplifies the 
real situation through assumption of a lin-
ear load distribution (Figure 1).

Determination of the gap in the tooth 
contact. In the MAAG book (Ref. 6) the 
deduction of the gap through superpo-
sition of bending and torsion deforma-
tion is explained (Figure 2). As addition-
al simplification it is assumed that the 
mating gear is infinitely stiff. Without 
flank line modification, as in the example 
shown (Figure 2), the load would be big-
ger on the torque input side. If a modi-
fication (Figure 2) is applied on the pin-
ion flank line, then a uniform load dis-
tribution would result. This is true if the 
meshing gear is effectively very stiff — or 
if also on the mating gear a flank line 
modification is applied. In the formu-
las for KHβ of ISO 6336-1 (Chapter 7) it 
is assumed that the pinion shaft is much 
more slender than the gear shaft — thus 
the deformation of the gear shaft is much 

Figure 2  Display of the determination of gap through the deformation 
components, and deduction of the corresponding flank line 
modification (Ref. 6).

Figure 3  Determination of the gap in the gear mesh (in a shaft section).
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less and can be neglected. For gear pairs with a 
reduction i > 2, in many cases this is a realistic 
assumption.

In Figure 3 the wording “deviations in the 
contact plane” is explained. The deformation 
in every section of the shaft must be deter-
mined in the operating pitch point (W). A 
displacement of the point W due to bend-
ing or torsion parallel to the tooth flank will 
change a little bit the sliding velocity between 
the flanks, but otherwise has no effect at all. To 
get the necessary data for the determination 
of the gap, the components of deformation in 
point W (x, z coordinate) normal to the flank, 
fbn and fbt, are requested. With this data the gap 
between the meshing flanks is directly located.

Manufacturing errors, housing deformations 
and bearing stiffness result normally as linear 
deviation over the face width. These values can 
be considered through radial displacement of 
a bearing vs. another and through considering 
the bearing stiffness when calculating the shaft 
deflection. This procedure was implemented 
in our shaft calculation software (Ref. 5) in 
1997. Figure 4 displays the user interface; the 
software recognizes automatically all the gears 
on the shaft, and deduces the meshing point W 
coordinates and the normal N to the flank.

Load distribution in the tooth contact and 
face load factor KHβ. The determination of the 
load distribution (in N/mm or lbf/in) accord-
ing ISO 6336 (Ref. 1) is simple, because the 
tooth meshing stiffness cγβ is considered as 
constant over the face width. The calculation 
is performed as displayed in Figure 1. The face 
width is subdivided in some (11 to 100) sec-
tions. To start the iteration, an initial distance 
δ between the teeth is assumed. Then with cγβ 
the partial load Fti per section is calculated. 
The sum of all Fti has to be identical to the 
transmitted tangential load Ft:

(1)

Ft =
!

FtiΣ
i

The distance δ is therefore (by iteration) 
changed until Equation 1 is fulfilled. The result 
is the line load distribution as in Figure 5. The 
face load factor KHβ is then the quotient of the 
maximum line load divided by the mean line 
load as defined in ISO 6336 (Ref. 1):

(2)

KHβ =
wmax = maximum load per unit face width
wm average load per unit face width

To compensate uneven load distribu-
tion (Figure 5), adapted flank line modifica-
tions should be used. As shown in the theory 
(MAAG book, Fig. 1), the optimum flank line 

Figure 4  Display of the gap and proposition for an optimum flank line modification 
in KISSsoft.

Figure 5  Load distribution and numbers for the maximum and mean line load and KHβ.
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modification is identical to the inverted 
gap curve (Figure 4).

Optimization of Load Distribution 
with Adapted Flank Line 
Modifications
In most cases, the optimum flank line 
modification can be composed of a helix 
angle modification plus a crowning (in 
some cases, an end relief is added). If 
these two basic modification types are 
correctly combined, the load distribution 
can become nearly uniform. We added 
therefore the input possibility for crown-
ing (Cb) and helix angle modification (fHb) 
data in the user interface. When the cal-
culation is executed with modifications, 
the gap is determined (as before), but 
compensated with the profile modifica-
tion. Then the load distribution including 
profile modification is calculated and dis-
played. The KHβ is again defined accord-
ing to Equation 2.

In the example of Figure 5, a crowning 
Cb = 1.8 μm (0.07 mil) and a helix angle 
modification fHb = −7.6 μm (−0.30 mil) 
would give a uniform load distribution 
(Figure 6). With such a modification 
the face load factor KHβ is theoretically 
KHβ = 1.0. However, for a real gear, not 
only the deformation should be compen-
sated; due to manufacturing errors, the 
gear will have a flank line error that is in 
a predefined tolerance band — depending 
on the tolerance class.

Manufacturing errors are stochas-
tic — they may reduce or increase the 
gap. Good design practice is to get the 
maximum load in the center of the face 
width; thus the only way to compensate 
for manufacturing errors is to increase 
the crowning (or to apply addition-
al end relief ). The proposition in ISO 
6336-1 (Ref. 1), annex B, is to increase the 
crowning by 0.75…1.0 * fHβ (helix slope 
deviation). If this technique is used — and 
which is recommended — then the face 
load factor will theoretically be higher 

than 1.0 — but in the end will provide a 
better practical design.

Flank Line Modification for the 
Tunnel Boring Machine
The approach to determine the load dis-
tribution described in this section is 
based on a single shaft, and normally 
applied to the pinion shaft — thus assum-
ing that the meshing gear shaft is infinite-
ly stiff. The approach is therefore com-
parable but less general then the method 
described in AGMA 927 (Ref. 3), which 
considers the deflection of both shafts. 
Still, for the problem encountered in the 
tunnel boring machine, where the huge 
ring gear is much stiffer than the driving 
pinion gear, this simpler procedure can 
be quite effective.

To best offset the deviation of up to 
0.2 mm (0.008 in) of the pinion shafts, 
different modification variants (modifi-
cations with crowning and/or end relief) 

were calculated — always assuming the 
maximum deviation. As a best solu-
tion, a long end relief (over 30% of the 
face width on both sides) with Cb 40 μm 
(1.57 mils) was found (Ref. 9).

In the worst-case example (Table 1), 
the pinion with no modification would 
last only 500 hours. With flank line mod-
ification the estimated life is increased by 
1,350% — or 6,750 hours. The request-
ed life time to finish the task was 3,000 
hours; we therefore could attain the goal. 
The pinions were produced — as recom-
mended. Meanwhile, the tunnel was suc-
cessfully finished.

Load Distribution and Face Load 
Factor Determination Based on 
AGMA 927
The basic idea in AGMA 927 is exactly 
the same as described in the previous sec-
tion, but applied on the gear pair; thus 
much more general. As this standard was 
added in the newest edition of ISO 6336-
1:2006 (Ref. 1), annex E, this process is 
now available as an international stan-
dard. It is, as will be shown by example 
in this paper, a very useful calculation 
method. It is therefore astonishing that, 
since 2006, no one to our knowledge in 
Europe or even the U.S. has implemented 
this algorithm in an available software 

Figure 6  Same shaft as in Figure 5, but with optimum profile modification (top) and with 
practical modification (bottom) — including additional crowning to compensate 
manufacturing tolerances.

Table 1  Lifetime preview

Modification Supposed deviation 
of the shaft

Deviation of the shaft 
(maximum) mm (in) KHβ

Life time 
(hours)

Without modification Worst case 0.2 (0.008) 2.53 499
Without modification Reasonable case 0.1 (0.004) 1.05...2.53 1'200
Without modification No deviation 0.0 1.05 2'800'000

With modification Worst case 0.2 (0.008) 1.77 6'750
With modification Reasonable case 0.1 (0.004) 1.28...1.77 14'500
With modification No deviation 0.0 1.28 113'000
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tool. We decided in 2008 to implement 
the complete algorithm in our software.

Compared with the simpler algorithm 
described in the previous section, ISO 
6336/AGMA 927 proposes some very 
important improvements:
• The gear mesh (pinion and gear shaft 

are both taken into account) is consid-
ered.

• The load distribution over the face 
width is iterated: The area of the gear 
teeth is split into ten equal sections. 
The first calculation run is performed 
using uniform load distribution to get 
the shaft deformation. From the ini-
tial gap, an uneven load distribution is 
calculated. This new load distribution 
is then used to calculate a new shaft 
deformation. This iteration process is 
continued until the newly calculated 
gaps differ from the previous ones by 
only a small amount. Usually only a 
few — two or three — iterations are 

required to get an acceptable error (less 
than 3.0 μm change in gaps calculated).

The procedure to get KHβ has to be 
included in a gear strength calculation, 
and has to be performed automatically at 
the beginning of the calculation following 
ISO 6336. The input of data needed for the 
software to calculate the gap in the mesh-
ing and the load distribution is represent-
ed in Figure 7. If the deviation of the axis 
is calculated by an external program (e.g., 
in an FEM of the housing), then the devia-
tion can be directly introduced as devia-
tion and inclination errors. The other vari-
ant (and exactly in keeping with the spirit 
and intent of AGMA 927) is to introduce 
models of both pinion and gear shaft.

Improvement of the algorithm as pro-
posed in AGMA 927 (ISO 6336-1, Annex 
E). The algorithm as proposed in AGMA 
927 has some restrictions, which should 

be overruled, to increase the precision of 
the results.
• Shear deformations of the shaft are not 

included; this is not critical on long 
shafts, but can be important on short 
shafts with large diameter. Therefore 
we included shear deflection in the 
bending calculation.

• Iteration is continued until less than 
a 3.0 μm change in gap calculated is 
obtained. This is a good criteria for big 
gears, but not for gear sets with module 
smaller than 2.0 mm (DP smaller than 
12.7). We changed the criteria to get 
more accurate results for any dimen-
sion of the shaft. We stop iteration if 
the gap change is less than 0.1 %.

•  When calculating shaft deflections, the 
area of the gear teeth is broken into 
10 equal sections. If short end relief or 
similar fast changing flank line modi-
fications are applied, then the effect of 
the modification cannot be simulated 
with only 10 sections. We increased to 
41 sections (and more if requested).

•  The tooth stiffness is called “stiffness 
constant” in N/mm/μ with symbol cγm; 
but there is no reference to this symbol 
in other parts of ISO 6336. In principal, 
the stiffness used should be exactly the 
stiffness cγβ, as defined in ISO 6336-1, 
Chapter 9. In AGMA 927 an additional 
indication is given, claiming that cγm is 
~11 N/mm/μ for steel gears. Eleven N/
mm/μ is very low; the typical stiffness 
calculated accurately for a wide range 
of gears is 16-24 N/mm/μ. A low stiff-
ness value (such as 11 N/mm/μ) will 
result in a low KHβ- value; therefore the 
assumption of 11 N/mm/μ is NOT on 
the safe side! 
We decided to provide the choice to the 
calculation engineer: the stiffness cγβ 
as in ISO, or 11 as in AGMA — or any 
other value calculated with a more pre-
cise algorithm.

•  For the calculation of the shaft bend-
ing, the equivalent outside diameter of 
the teeth is halfway between tip diam-
eter and root diameter. This is correct 
for solid shafts. For typical shrink-fitted 
gears or connections, the equivalent out-
side diameter is less. ISO 6336 proposes 
in Chapter 5 for this situation to use a 
diameter in the middle between hub 
diameters and bore. We decided to give 
full choice to the calculation engineer. 
Depending on the shrink-fitting, the 
stiffening effect can vary widely; there-
fore this is a difficult topic to handle.

Application of the algorithm. With 
these additional improvements, the algo-

Figure 7  Definition of axis alignment in a gear calculation is possible in two ways.

Figure 8  Calculation of KHβ of a gearbox input stage; with (as proposed by AGMA 927) and 
without iteration of the gap. Normally through iteration, a more precise and lower KHβ is 
obtained (here 11%).
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rithm shows a very high performance 
and, compared with contact analysis and 
FEM results, is very accurate. As shown 
in Figure 8, the iteration of the gap is nec-
essary to get more precise results.

If it is possible, as in the modern 
shaft calculation, to introduce bearings 
with stiffness calculated according to 
ISO 16281 (Ref. 7) (based on the inner 
bearing geometry and operating clear-
ance), the results are still more accurate. 
But even if all these improvements are 
included, the method is still relatively 
simple compared with a contact analy-
sis. Therefore the calculation time is very 
short. For instance, also for duty cycles 
with 100 and more elements, if for every 
element the line load distribution is ana-
lyzed, the required calculation time is a 
few seconds.

Today’s trend in gear software is to use 
system programs able to handle a com-
plete power transmission chain. In these 
applications (Figure 8) all data needed 
to perform a load distribution analysis 
according to AGMA 927 are available 
(the shafts and connecting gear set), so 
executing such a calculation does not 
require any additional input from the 
user side, thus making the task easier.

Manufacturing tolerances. AGMA 927 
and ISO 6336-1, Annex E, advises to take 
manufacturing tolerances into account 
(fHb for the lead variation of the gears 
(fHb1 + fHb2) and fma for the axis misalign-
ment). KHβ has to be calculated five times:
• without tolerance
• +fHb and +fma
• +fHb and -fma
• -fHb and +fma
• -fHb and -fma

The highest KHβ value found must be 
used as a final result. This is a logical 
approach to have KHβ reflect the worst-case 
situation in order that the KHβ value can be 
used in a strength calculation. This algo-
rithm can also be used to find optimum 
flank line modification. Now it is much 
better not to consider manufacturing tol-
erances, because the modification to offset 

the deformation is much easier to find. As 
explained earlier, after the modifications 
to compensate the deflection are found, to 
compensate the manufacturing tolerances, 
only the crowning need be increased. It is 
therefore important that both calculation 
methods are available — with and without 
manufacturing tolerances.

Layout and Optimization of Flank 
Line Modifications
Flank line modifications for nominal 
torque (no duty cycles). A combination 
of flank line and profile modifications is 
a must today in gear design. Flank line 
modifications are intended to effect a 
uniform load distribution over the face 
width to improve the lifetime of the gear. 
A first layout of modifications is typically 
accomplished based on experience; to 
verify that the modifications lead to the 
requested results, contact analysis has to 
be used. Contact analysis calculation is 
extremely complex; hence even special-
ized software programs need up to one 
minute and more calculation time. In 
short, any optimization is time consum-
ing.

For a gear pair with a given load, the 
most expeditious manner to design the 
optimum flank line is to use the simple 
method described earlier — separately for 
pinion and gear (using only the shaft cal-
culation). With that, the optimum flank 
line modification for each gear is found 
easily. Clearly, if desired, the totalized 
modification can then also be applied to 
only one of the gears. Then the proposi-
tion has to be checked, using the AGMA 
927 method with the gear mesh. In the 
vast majority of all cases, this simple 
approach provides very good results with 

KHβ lower than 1.1; hence there is often 
no need for further optimization steps.

Flank line modifications for applica-
tions with duty cycles. For gears subject 
to duty cycles, the approach for an opti-
mum flank line modification is much 
more complicated. For which of the duty 
cycle elements should the modification 
be optimal? This is in many cases very 
difficult to know. If the modification is 
optimum for the element with the high-
est load (having normally a short operat-
ing time), then often the other elements 
(having higher operating time) get an 
increase of KHβ — so far that the overall 
lifetime of the gear pair may decrease!

As a first step we combined the AGMA 
927 method with the calculation of the 
lifetime with duty cycles, as described in 
ISO 6336-6 (Ref. 8). For every duty cycle 
element, the deformation of the shafts 
with the torque of the element is recal-
culated and the individual KHβ is derived. 
Then the “normal” calculation approach 
is executed.

In the second step we combined this 
procedure with an advanced optimization 
tool, which for a given gear pair can auto-
matically vary different combinations of 
flank line modifications. The best way to 
explain the course of action is to describe 
a recent example.

The steering module drive of a big ship 
consists of a big ring gear driven by mul-
tiple pinions. The load cycle of such a 
drive is defined in Table 2. It is a special 
duty cycle, having very high load for a 
short time and low load for most of the 
time. A first check of the different load 
cases, calculated individually, results in 
KHβ and safety factors (Table 3).

Table 2  Duty cycle with axis misalignment of a ship steering module
Element (load 

case) no. Frequency Load on a pinion, 
kNm

Speed, 1/
min

Radial mesh misalignment, 
fΣδ, mm

Tangential mesh 
misalignment, fΣβ, mm

1 0.980097 33.5 5.5 +-0.143 (5.6 mil) +-0.183 (7.2 mil)
2 0.019602 67.0 5.5 +-0.121 (4.8 mil) +-0.411 (16.2 mil)
3 0.000294 111.6 5.5 +-0.084 (3.3 mil) +-0.686 (27.0 mil)
4 0.000007 111.6 5.5 +-0.078 (3.1 mil) +-0.754 (29.7 mil)

Total requested lifetime 32’000 hours

Table 3  KHβ, SF, SH calculated individually for each load case with 
given data

Load case KHβ (AGMA 927) Bending safety 
factor, SF

Pitting safety 
factor, SH

1 2.22 2.96 1.38
2 2.23 2.73 1.27
3 2.28 2.78 0.97
4 2.40 2.80 0.94
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The most critical load case is No. 4, hav-
ing highest KHβ and lowest pitting safety. But 
when the total lifetime, using Palmgren-Miner 
rule (ISO 6336-6) (Ref. 8), is calculated and 
the damage of the different load cases is found, 
then it is evident that No. 2 is the critical case, 
limiting the overall lifetime (Table 4). So it is 
not easy to decide for which load case the flank 
line modification should be optimized.

Recently in our calculation software a tool 
called Modifications Optimizations was added 
to help find the best solutions for profile mod-
ifications. This tool calculates automatically 
the resulting lifetime with duty cycle — defin-
ing for every load cycle element KHβ based on 
AGMA 927. As the misalignments are depend-
ing on the manufacturing tolerances, they can 
be positive or negative (Table 2), thus only sym-
metric flank line modifications should be used. 
A first check showed that the end relief with 
125 μm (4.9 mil) of the original design is too 
small. Therefore, as a first attempt, a crowning 
was used — varying Cb from 10 to 400 μm, in 
steps of 10 μm (0.4 to 11.8 mil) (Figure 9). The 
results of the Modifications Optimizations are 
displayed in a radar chart (Figure 10) (Ref. 12), 
that shows that the highest lifetime can be 
achieved with a Cb of approximately 290 μm. 
Estimated lifetime is 305,000 hours. This is, 
compared to the current design (end relief with 
95 μm and 29,000 hours) an increase in lifetime 
of more than 1,000%.

The result could be further improved with a 
second run, where a combination of end relief 
and crowning was checked. The crowning was 
varied from Cb = 125 to 225 μm, in steps of 
10 μm, cross-combined with an end relief of 
100 μm with a varied length from 5 – 45% of 
face width, step of 5. The results table shows a 
small increase in lifetime (26%), if a combina-
tion of crowning Cb = 205 μm with end relief of 
100 μm (length 45% of face) is used.

Adaptation of the Method for Epicyclic 
Gear Combinations (Planetary)
For planetary gear sets, the application of the 
Annex E algorithm must be adapted to the spe-
cific properties of the combination of sun shaft, 
planet carrier — with pin and planet — and 
ring. The deformation and tilting of the planet 

Figure 9  Finding the best crowning for a ship steering drive with extreme duty cycle.

Figure 10  Additional improvement of the load distribution with a combination of varied 
crowning and end relief with varied length.

Table 4  Damage (%) of the different load cases, 
when analyzing the overall lifetime using 
PalmgreNminer rule

Load case Damage (%)
1 0.00
2 71.93
3 27.19
4 0.88
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carrier resulting from FEM and bending/torsion 
of the sun shaft and the pin/bearing/planet-sys-
tem must be combined (Figure 11).

The algorithm as described in AGMA 927 is 
defined for one gear mesh. In a planetary stage, 
the sun is meshing with three or more planets. 
The load distribution in one of the sun’s mesh-
ings interacts with the other ones. This also 
applies to the two meshings on every planet 
and the meshings of the planets with the ring. 
For this a specific calculation approach using a 
concurrent iteration over all meshings is need-
ed, and is documented in Figure 12. Basically a 
second iteration on system level is required. For 
normal cases, about five iterations on system 
level are needed. Hence to get the final solution 
for a planet stage with three planets, five times 
the six meshings of the system must be calculat-
ed. This takes about 20 seconds, which, if com-
pared to the time needed for an FEM or contact 
analysis, is very fast.

Hence, as before, it is possible to evaluate dif-
ferent flank line modifications rapidly. As an 
example, the load distribution of a planetary 
stage in a wind turbine gearbox is analyzed. In 
modern wind turbine gearboxes using plan-
etary stages, the so-called “flex pin” design for 
the planet shafts is well known (Ref. 10) (but 
not often used). The planets can better adapt 
with this concept to the tilting of the planet car-
rier, thus improving the load distribution over 
the face width. In the example, a conventional 
design and a flex pin design are compared. For 
both designs an optimum flank line modifica-
tion is applied, so that – without carrier tilt-
ing – KHβ is near to unity. Figure 14 shows the 
difference in the load distribution, when the 
planet carrier is tilting by 0.02 mm (0.79 mil) in 

Figure 11  Definition of deformation and tilting of the different elements in the planetary system.

Figure 12  Application of AGMA 927 algorithm to planetary stages.
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z-axis (Figure 13). A tilting of the carrier 
generates in every meshing a different 
load distribution, therefore also a differ-
ent KHβ. The conventional design has an 
increase of KHβ from 1.04 (without tilting) 
up to a maximum of 1.83 (in the meshing 
of the planet at 0° position); the flex pin 
version has an increase from 1.04 (with-
out tilting) up to 1.60. This proves nicely 
that the flex pin concept adapts better to 
carrier tilting than conventional design.

Contact Analysis Comparison
All input data used for the flank line opti-
mization can directly be used for the con-

tact analysis (Ref. 4). The contact anal-
ysis displays the load distribution over 
the full contact between the two gears. 
Therefore the validity of the proposed 
modifications over the full contact area 
can be checked. Contact analysis includes 
also the effect of profile modifications. 
The calculation process is more com-
plex, consuming much calculation time, 
but producing many useful results, as the 
transmission error for noise optimization 
or the lubrication film thickness for the 
micropitting risk determination (Ref. 11).

It is therefore logical that the outcome 
of the load distribution as calculated 

according to AGMA 927 is not identical 
to the contact analysis results; but when 
the line load in the area of the operating 
pitch diameter is compared, the results 
are very close. Simply put, AGMA 927 
performs a one-dimensional contact 
analysis, considering only the situation 
in the operating pitch point of every sec-
tion. The result is a 2-D graphic, showing 
the line load distribution over the face 
width, which is easier to understand than 
the 3-D colored contact pattern results 
(Figure 15). A difference, which has to 
be remembered when using helical gears 
or deep tooth profile gears, is that the 
line load calculated following AGMA 927 
tends to higher results, than the load as 
calculated by contact analysis. The differ-
ences depend on the transverse overlap 
ratio εβ and the contact ratio εα, because 
AGMA 927 does the calculation suppos-
ing εγ = εα + εβ = 1 (Figure 15). Thus the 
absolute value issued is not precise in 
this case, but the course of the curve is 
accurate; thus giving a correct value for 
KHβ. We are actually investigating further 
this topic, comparing some examples also 
with results from the FE method.

Thus a good design technique is: First 
use AGMA 927 to find near to optimum 
flank line modification, then use con-
tact analysis to find the optimum flank 
and profile modification combination. 
We have used this technique for some 
years in different engineering projects 
and could reduce the time to find the 
best profile modification considerably 
(up to 70%). We never encountered a 
case where the results of AGMA 927 were 
contradictory to the results of contact 
analysis; thus the outcome of the algo-
rithm as defined in AGMA 927 is typi-
cally very satisfying.

As explained, the line load in AGMA 
927 is higher (wmax = 192 N/mm, 1,096 
lbf/in) than in contact analysis (approx. 
140 N/mm, 799 lbf/in), due to εβ; but 
the course of the load distribution is the 
same.

Figure 14  Load distribution in a planetary stage with two different planet bearing 
support designs.

Figure 13  Definition of carrier tilting.
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Conclusion
Annex E in ISO 6336 — “Analytical 
Determination of Load Distribution” — is 
entirely based on the AGMA 927-A01 
standard. It is a very useful method to get 
a realistic value for the face load factor 
KHβ, and much faster than using contact 
analysis. Basically, the algorithm is a one-
dimensional contact analysis, providing 
good information about the load distribu-
tion over the face width. For helical gear 
sets, depending on the overlap ratio εβ, the 
absolute value of the line load is too high; 
but the course of the curve is still accurate.

As input, the geometry of both shafts 
(including bearings and loads) is need-
ed. The trend today in gear software is 
to use system programs able to handle a 
complete power transmission chain. In 
these applications all data needed to per-
form a load distribution analysis accord-
ing AGMA 927 are available.

Thus the method is easy to use and 
provides a fast and accurate value for 

KHβ — as needed in calculations according 
to the ISO 6336 standard.

The result of this method is the line 
load distribution over the face width; this 
information is very helpful in the gear 
design process to quickly find a nearly 
perfect proposition for best flank line 
modification. As shown by example, even 
for complicated duty cycles it is possible 
to find the best modification — hence 
improving overall lifetime considerably.

For planetary gear sets, the application 
of the ISO 6336, Annex E algorithm must 
be adapted to the specific properties of 
the combination of sun shaft, planet car-
rier — with pin and planet — and annu-
lus gear. It is explained how this can be 
performed using an additional iteration 
on a system level. For planetary stages, 
it is much more difficult to design best 
flank line modification and to get accu-
rate information about the load distribu-
tion factor in the different meshings, thus 
use of this method is very helpful in plan-
etary gearbox design. 
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Introduction
There are many gear failure modes, depending on the material 
and related strengthening and/or hardening processing, working 
condition (power, speed and load) and environment (tempera-
ture, lubrication, corrosion, etc.). It is important to identify the 
failure mode in order to take necessary measures to mitigate it 
or to prevent it from occurring.

Among the various failure modes, electric discharge is a com-
mon one. It is caused by electric arc discharge across the oil 
film between mating gear teeth. This discharge may produce 
temperature high enough to locally melt the gear tooth surface 
(Ref. 1). Electric discharge also causes bearing failures. It has 
been reported (Ref. 2) that electric discharge pits initiated spall-
ing on a bearing, which in turn created vibration and overheat-
ing, which ultimately led to fatigue failure of the bearing.

The electric current typically originates from electric 
motors — especially variable frequency drives (VFDs) — sourc-
es of rapidly switching electric currents such as electric clutch-
es, or accumulation of static charge and subsequent discharge. 
Accordingly, this can be prevented by providing adequate elec-
trical insulation or grounding.

To the unaided eye, a surface damaged by electric discharge 
appears as an arc burn, i.e., similar to a spot weld. The density 
of the spots on the affected surface increases with the increase 
of the electric current intensity. On a microscopic level, small 
hemispherical craters can be observed. The edges of the crater 
are smooth, and they may be surrounded by burned or fused 
metal in the form of rounded particles that were once molten.

ANSI/AGMA 1010-E95 includes some macro- and micro-
graphs showing the morphology of this failure mode. However, 
it does not mention any other surface appearance or property 
change. This paper introduces a specific appearance of electric 
discharge — tiger stripes — on a high-speed pinion made of car-
burized SAE 9310 steel. Morphology characterization was per-
formed by means of scanning electron microscopy 
(SEM). The hardness profile across the carburized 
case depth was measured with a microhardness tester 
to reveal the damage due to electric discharge.

Application, Chemistry and Material Tensile 
Properties
The application is a speed increaser gearbox with a 
4.735:1 ratio driven by an 1,800 rpm VFD electric 
motor and driving a centrifugal compressor. The 

Metallurgical Investigation of 
“Tiger Stripes” on a Carburized 
High Speed Pinion

“Tiger stripes” on a high-speed pinion made of a carburized SAE 9310 steel were investigated. 
The morphology of the damage was typical of electric discharge damage. The cause of the 
stripes and potential damage to the gear tooth were analyzed and are presented in this report.

March Li, Phil Terry and R. Eckert

Figure 1  Tiger stripes on the pinion.

Table 1  Chemistry of the sample, wt. %
Chemistry C Si Mn Cr Mo Ni S P

Sample 0.14 0.26 0.66 1.32 0.12 3.28 0.011 0.007

SAE 9310 0.07
0.13

0.15
0.35

0.40
0.70

1.00
1.45

0.08
0.15

2.95
3.55 0.040 max 0.030 max

Table 2  Mechanical properties of the samples
Ultimate tensile 

strength, psi
Yield strength, 

psi Elongation, % Area reduction, 
%

Sample 1 148,300 107,500 17.7 58.1
Sample 2 148,700 110,700 16.8 58.3
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high-speed pinion has 34 
teeth and a normal diametral 
pitch of four.

A sample of material was 
cut from the pinion shaft and 
analyzed using a mass spec-
trometer. The results of the 
analysis are shown (Table 1) 
along with ranges specified 
for SAE 9310 steel. It shows 
that the carbon content is a 
little high, but all other ele-
ments are within specifica-
tion.

Two tensile test specimens 
were prepared from the pin-
ion shaft, and the measured 
mechanical properties are 
shown (Table 2).

The manufacturing records 
show that the surface hard-
ness of the pinion teeth 
is 59-60 HRC, with 10% 
retained austenite and dis-
persed carbides.

Visual Examination
Figure 1 shows the tiger 
stripes on the pinion. These 
stripes appeared to be along 
lines of contact of one (load) 
side of the pinion teeth and 
distributed at different rota-
tional positions of the pin-
ion. Also, it was noted that the 
tiger stripes occurred on the 
pinion only; the mating gear 
didn’t show any stripes.

Microstructure 
Investigation
One pinion tooth was cut for 
morphological characteriza-
tion by scanning electron 
microscopy (SEM) (Fig. 2).

The SEM showed clearly 
that each stripe was composed 
of a high density of craters 
(Fig. 2c). Under higher mag-
nification it revealed these 
craters were caused by electric 
discharge, indicated by the 
typical fused metal particles 
and gas pockets (Figs. 2d and 
2e). The particles were about 
1-3 micron in diameter. For 
comparison, Figure 3f is cited 
from ANSI/AGMA 1010-E95 

Figure 2  Morphology of tiger stripes revealing electric discharge: a – e were taken from the sample; f is cited 
from ANSI/AGMA 1010-E95. Note they are under different magnifications, as indicated by scale bars.

Figure 3  Case hardness profiles of the pinion tooth.
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as an example of electric discharge. Figures 2b and 2c show the 
original machining marks outside of the tiger stripes.

Hardness Profile
In order to evaluate the extent of damage caused by electric dis-
charge, one pinion tooth was sectioned for microhardness profile 
checks across the gear flanks (load and no-load sides), and the 
top land from the surface to the hardened case depth (Fig. 3).

The load flank hardness profile revealed that although the 
depth between the surface and the location where the hard-
ness number is 50 HRC reached 0.060" and is deeper than the 
specified minimum effective case depth (in this case 0.036"), 
both the load flank and top land lost some hardness below the 
surface due to the tiger stripes — especially on the load flank of 
the teeth. For example, the hardness was only 57.6 HRC on the 
load flank surface, which is lower than the required minimum 
58 HRC. This made the pinion soft and lowered its contact 
fatigue resistance. As a matter of fact, except at 0.015", its hard-
ness is lower than 58 HRC at any other depth. Even the top land 
showed some degree of hardness drop. The tiger stripes had the 
least negative influence on the no-load flank of the pinion teeth. 
Since the original manufacturing records show that the surface 
hardness on any flank of the pinion was 59 - 60 HRC, the hard-
ness loss of the inspected pinion was due to the tiger stripes; i.e., 
electric discharge.

Discussion
The chemical analysis confirmed the material is SAE 9310 car-
burizing steel. Mechanical properties were in the normal range.

The hardness profiles exhibited hardness loss due to the tiger 
stripes. The load flank surface hardness was even lower than 
58 HRC, the minimum hardness required by the AGMA stan-
dard. SEM analysis revealed that these stripes were electric dis-
charge defects. The electric discharge generated very high local 
temperature and local melting of the pinion teeth. As a result, 
some areas of the pinion were re-tempered at high temperature. 
This gave rise to lowered hardness and jeopardized the contact 
fatigue resistance. Furthermore, as the surface hardness is lower 
than 58 HRC, the original gear rating is not valid. It is recom-
mended that a new pinion should be manufactured to replace 
this damaged one if the user wants to keep the initial rating.

It should be noted that this tiger stripe pattern is different 
from normal electric discharge. While the latter shows random 
spots on the gear tooth, tiger stripe takes on regular patterns. 
Obviously, these stripes came from periodic discharge between 
the mating flanks. Although some composite bearings have 
been introduced to minimize this type of damage, proper oper-
ating grounding such as brushes is still considered to be the best 
solution to prevent this from happening (Ref. 3).

Conclusions
• The steel for this pinion was confirmed to be SAE 9310.
• Tensile test showed its mechanical properties met the require-

ments.
• SEM analysis confirmed the tiger stripes are electric discharge 

damage.
• It generated high temperature and locally melted the pinion 

surface, giving rise to low surface hardness. 
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Topological Gearing Modifications: 
Optimization of Complex Systems 
Capable of Oscillation
Johannes W. Vriesen, Daniel Lütfrenk 
and Klaus Dünck-Kerst

Introduction
Regulations relating to noise emission 
of wind turbine systems are becoming 
increasingly stringent worldwide, espe-
cially close to residential areas. When 
generating electric power with offshore 
wind turbine systems, the excitation of 
vibration of towers and other wind tur-
bine components plays a special role, and 
component manufacturers must also take 
this into account. Standard IEC 61400–
11 (Ref. 1) also specifies noise levels that 
must be complied with.

For wind turbine systems equipped 
with a main gearbox used to convert 
torque and speed, vibration and noise 
are excited as a result of meshing gears 
under load in the gearbox. This vibra-
tion and noise can be significantly influ-
enced — i.e. reduced — if suitable gearing 
modifications are selected.

Gearing Corrections
In practice, a significant differentiation 
has always been made between specific 
tooth width and tooth height modifi-
cations when modifying gearing (Fig. 
2). Excluding the topological modifica-
tions, specific profile modifications are 
frequently orientated to the roll distance 
or the corresponding gearwheel diame-
ters (Fig. 3), and they apply to each width 
coordinate of the gear wheel. Previously, 
many modifications involved a linear 
gradient; today, parabolic-shaped gradi-
ents are employed that enable a continu-
ous-function transition. For helical gear 
wheels which, in principle, have slight 
advantages over gear wheels with straight 

teeth regarding noise, this type of sepa-
rate modification also has disadvantag-
es. This is because in the tooth meshing 
area — in particular segments — modi-
fications are made that are actually not 
required. These unnecessarily increase 
the maximum pressure when mesh-
ing. However, this disadvantage can be 
resolved by applying specific topologi-
cal modifications; at the tooth flank, the 
modified flank shapes shown in Figure 
4 are derived from the standard shapes 
shown in Figure 3 as differences to the 
theoretical involutes.

The basic relationship between the pro-
file angle modifications and the pressure 
gradient in the profile direction is shown 

This paper was first presented at the 2013 VDI International Conference on Gears, Technical University of Munich, Garching, Germany, and is reprinted here with VDI permission.

Vibration and noise from wind turbines can be significantly influenced — and therefore reduced — by selecting 
suitable gearing modifications. New options provided by manufacturers of machine tools and grinding 
machines, and especially state-of-the-art machines and controls, provide combined gearing modifications — or 
“topological gearing corrections” — that can now be reliably machined. Theoretical investigations of topological 
modifications are discussed here with the actual machining and their possible use.

Figure 1  Principle design of a main gearbox 
for a 2 MW wind turbine (Ref. 2).

Figure 2  Gearing modifications (Ref. 9).
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(Fig. 5). If the exit impact is reduced by using the 
appropriate profile angle modification, the maxi-
mum pressure level is reduced. If the approach 
impact is reduced, noise excitation can be further 
reduced. However, the maximum pressure level 
is increased when compared to the version with-
out profile angle modification. As a consequence, 
the profile angle modification must be variably 
defined over the tooth width.

Influence of the Modification in Tooth 
Meshing
As a result of new options provided by man-
ufac turers  of  machine  to ols /g r inding 
machines — and especially state-of-the-art 
machines and controls — freely defined gear-
ing modifications can now be reliably machined. 
These can be applied more specifically to reduce 
the excitation of vibration and noise without 
necessarily having to have a negative impact on 
the load-carrying capacity.

In theory, a distinction can be made between 
the topological modifications possible in such 
a first and second generation. For the first gen-
eration the profile angle modification is spe-
cifically varied across the gearing width. For 
the second generation a variable modification 
gradient is incorporated in the tooth width and 
tooth height directions. For example: For the 
“Forschungsvereinigung Antriebstechnik (FVA)” 
Research Association for Drive Technology 
(FVA), in the form of modification versions 
known as “generated end/tip relief.” For the first 
generation, in some instances, existing machines 
with expanded or new control systems can be 
used. However, this is not possible for the sec-
ond generation; however 5-axis machines may be 
used for this purpose.

Two examples of possible variable profile angle 
modification gradients over the tooth width are 
shown (Fig. 6). For helical gearing the definitions 
at the left-hand and right-hand end of the tooth 
are decisive for influencing impact at both tooth 
approach and exit. Depending on the design, 
modified profile angle modification gradients 
over the tooth width can influence harmonics 
within specific limits. In principle, the first-gen-
eration profile angle modification according to 
Equation 1 comprises a constant component and 
a variable component over the tooth width with 
coordinate xb.

The functional chain of the excitation effects 
in the gearbox is shown (Fig. 7), as is the associ-
ated formula (Equation 2). One can see that exci-
tation from the meshing gear wheels can nor-
mally only be indirectly detected with measure-
ments when the gearbox is operational.

(1)
CHα (xb) = CHα,k + CHα,v(xb)

Figure 3  Gearing modifications, separately made in the tooth width and tooth height 
directions (Ref. 3).

Figure 4  Gearing modifications when combining tooth width and tooth height modifications.

Figure 5  Principal correlation between profile angle modification and pressure gradient.

Figure 6  Examples of topological first generation gearing modifications.
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(2)
LW (f) = LF (f) + Lh (f) + Lσ (f)

Gearbox Behavior on the Test 
Stand
Every wind turbine gearbox manufac-
tured in our company is tested up to its 
rated load and rated speed. The gear-
boxes are driven along a ramp-up curve, 
which is then evaluated to identify pos-
sible resonance points and excessive exci-
tation levels. The evaluation of the vibra-
tion measurement is shown (Fig. 8) and it 
also includes the effects of excitation gen-
erated as a result of gear wheels meshing. 
The measured values can be allocated 
to the sources of excitation based on the 
gear meshing frequencies.

Figure 9 documents actual examples 
for reduced excitation levels that have 
been achieved by optimizing the pro-

file modification when excited with the 
gear meshing frequencies fzE. From Figure 
9 — in conjunction with the principle 
from Columns 2 and 3 from Figure 5 — it 
can be concluded that it makes sense to 
relieve the approach impact at the begin-
ning and to relieve the exit impact at the 
end of a meshing operation. Following 
the principle from Figure 6 and Equation 
1, this is illustrated by the example in 
Figure 10, in which the constant compo-
nent is set to zero. This type of modifi-
cation allows the excitation to be specifi-
cally reduced and, at the same time, uses 
other areas to increase the load-carrying 
capacity by reducing the maximum pres-
sure in the meshing area.

When making the design, possi-
ble deviations as a result of statistical-
ly defined deviation levels for the tooth 

trace can be taken into consideration. 
In so doing, the various combinations 
should be checked with plus and minus 
(+fma,ß, -fma,ß, +fmaα, -fmaα). In addition to 
optimizing the rotation path, the speed-
dependent excitation level should also be 
observed when designing the gearbox.

Manufacturing Prototype Parts
When machining the tooth flanks, devia-
tions are obtained with respect to the 
theoretically required topology. The dif-
ferences between the left and right tooth 
flank topologies of a gear wheel used as 
example can be identified in Figure 11. 
The highest deviations with respect to the 
theoretical topology are at the sides; the 
differences for the pinion can be taken 
from Figure 12. For the pinion it can be 
seen that the left-hand and right-hand 
flanks are almost identical.

The deviations from the theoretical 
specification and between the left-hand 
and right-hand edges are predominant-
ly defined in production by the magni-
tude of the modification specified. If, for 
instance, only the pinion is to be modi-
fied, then for larger modification, cor-
respondingly higher deviations are 
obtained. Whether these deviations can 
be tolerated can be determined when 
checking the rotation path.

Summary and Outlook
For gearing modifications, a very sig-
nificant differentiation has always been 
made in practice between tooth width 
and tooth height modifications.
• As a result of new options available 

to manufacturers, topological gearing 
modifications can be established reliably 
during the production process — and 
can be specifically used to reduce vibra-
tion and noise excitation sources.

• Using first-generation, topological 
gearing modifications as examples, it 
has been shown that it is possible to 
reduce the approach and exit impact 
levels without losing load-carrying 
capacity.

• The deviations in production with 
respect to the theoretically designed 
modification topology depend on pro-
duction technique.

• As a consequence, it also makes sense 
to take production technique into 
account when designing and checking 
gearing modifications. 

Figure 7  Functional sound transmission chain for a planetary gearbox with continuous estimated 
curves for Lh and Lσ (Ref. 10).

Figure 8  Vibration measurements when ramping up speed.
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Figure 12  Topology of the production simulation of the left-hand and right-hand pinion flanks.
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Figure 10  Gear wheel flanks with varying profile angle over the tooth width.

Figure 11  Topology of the production simulation of the left-hand and right-hand gear wheel 
flanks.
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United Grinding
ANNOUNCES NEW PRESIDENT

United Grinding North America, Inc. recently announced that 
current president and CEO, Rodger Pinney, has been elected as 
vice chairman of the company’s board of directors in conjunc-
tion with his retirement on April 
1, 2014. Terry Derrico will join 
United Grinding North America, 
Inc. as its new president and CEO 
and assume complete responsibil-
ity for leading the company’s stra-
tegic, tactical, operational and 
administrative functions in North 
America. Derrico will report direct-
ly to Stephan Nell, CEO, United 
Grinding Group AG.

“United Grinding North America is enjoying unprecedented 
growth and the company’s future also looks very promising” 
Pinney said. “I look forward to continuing to serve the orga-
nization as vice chairman.” In addition to his board member 
duties, Pinney plans to actively promote North America based 
manufacturing.

Nell commended Pinney for successfully leading United 
Grinding North America for 16 years. “Rodger guided the com-
pany through various economic climates and market transi-
tions, positioning the company as the best and strongest in the 
North American grinding business. His unwavering service to 
the company and its people and passion for the industry will be 
a continued asset to us as he moves into this new advisory role,” 
he concluded.

Derrico’s overall executive and management-based career 
spans 27 years, and he has a proven track record in the success-
ful growth of the companies for which he has worked. “I am 
excited to join this highly dynamic company and the incred-
ibly talented and passionate team that drives it,’’ Derrico said. 
“United Grinding is a visionary company and I look forward to 
leading the next stage of its growth and development, both hor-
izontally and vertically in the total grinding solutions market. 
We will continue to develop innovative technological solutions 
and responsive services to keep our customers productive and 
profitable, and most of all, competitive.”

Derrico spent the past decade in key leadership roles at 
The Marmon Group LLC, a global Fortune 500 organiza-
tion with numerous diverse business units that is part of 
Berkshire-Hathaway, Inc. Most recently, he served as president 
of the Construction Fasteners Group, having full profit and loss 
responsibility for the industrial business unit.

Prior to The Marmon Group LLC, Derrico worked for 
Proton Energy Systems, a manufacturer of hydrogen genera-
tors and regenerative fuel cell systems, as senior vice presi-
dent of sales, marketing and business development. He was 
also president and CEO of Swiss Industrial Group Holdings, 
Inc., a global packaging organization; chief operating officer of 
TMC, a manufacturer of automated packaging equipment; and 

national sales manager for General Electric Fanuc Automation, 
an industrial computer and software company specializing in 
factory automation. Early in his career, Derrico served as an 
apprenticeship toolmaker and worked his way into tool and 
manufacturing applications engineering positions.

According to Nell, Derrico is a perfect fit to lead United 
Grinding North America, Inc. into the future. “Terry applies a 
hands-on, results-focused leadership approach and believes in 
motivating teams around a shared vision,” he said. “We look 
forward to continued success and growth under his leadership 
together with his team.”

GMTA
ADDS PERSONNEL AND WELCOMES 
GERMAN LANGUAGE STUDENTS

GMTA (German Machine Tools of America) represents various 
top-quality German metalworking machine builders, including 
Wera Profilator, Pittler, Praewema and WMZ. These machines 
are sold to the North American market by GMTA primarily for 
gear and spline production, as well as other power transmission 
applications. The company’s target markets include automotive, 
off-highway, energy and other heavy equipment manufacturing. 
Machines are provided for gear honing, gear grinding, the pat-
ented Scudding process for gearmaking, polygon milling, turn-
ing, gear tooth pointing and multi-task machining operations. 
GMTA recently announced the addition of Stefan Kloos as 
product manager. Kloos will handle the Pittler vertical turning 
lathes and WMZ centerdrive lathes. He will be based in Ann 
Arbor, Michigan, North American Headquarters for GMTA.

In addition, German Language and International Careers 
(LIC) students from Eastern Michigan University visited 
GMTA on March 12, 2014. Students were given a tour of 
GMTA facilities and a presentation in German by GMTA 
President, Walter Friedrich. As EMU Department of World 
Languages Professor Margrit Zinggeler Ph.D. pointed out, 
“Eastern Michigan was one of the first universities to com-
bine foreign language with a practical business component. 
The EMU major in language and international careers (LIC) 
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is designed to integrate the study of modern foreign languag-
es and cultures with preparation for an international business 
career. The major objective of the program is to provide stu-
dents with the skills, knowledge and understanding needed to 
function in a foreign environment and in professional dealings 
with people and clients who speak a foreign language. It is a 
very useful course of study in today’s global economy, especially 
with so many foreign companies setting up shop in the U.S.”

After the presentation and questions, students were invited 
to a typical German “Brotzeit” (evening meal of German bread 
and coldcuts) and, of course, ample quantities of German beer 
Reissdorf Koelsc.GMTA is proud to support young people in 
the community and help provide them with (German) language 
opportunities in a business environment.

Gleason Cutting 
Tools
RECOGNIZED AS JOHN DEERE PARTNER-
LEVEL SUPPLIER

Gleason Corporation announced that its Gleason Cutting 
Tools Corporation facility in Rockford, Illinois has for the 
second year in a row earned Partner-level status in the John 
Deere Achieving Excellence Program. This status is Deere & 
Company’s highest supplier rating. Suppliers who participate in 
Deere & Company’s Achieving Excellence program are evalu-
ated annually in several key performance categories including 
quality, cost management, delivery, technical support and wave-
length, which is a measure of responsiveness. John Deere cre-
ated the program in 1991 to provide a supplier evaluation and 
feedback process that promotes continuous improvement.

Robert P. Phillips, senior vice president – tooling products 
group and Gleason Cutting Tools Corporation said “Gleason 
Cutting Tools Corporation is proud to be a supplier to John 
Deere, and are honored to have our performance recognized at 
such a high level for the second year in a row.” Partner-level sta-
tus was awarded to Gleason Cutting Tools Corporation for all 
cutting tool products and services provided by Gleason to the 
John Deere operations in Waterloo and Des Moines, Iowa.
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Dowding
RECEIVES MPIF VANGUARD AWARD

Robert J. Dowding, research 
manager for materials and man-
ufacturing science at the U.S. 
Army Research Laboratory (ARL), 
Adelphi, Md., has received the first-
ever Vanguard Award from the 
Metal Powder Industries Federation 
(MPIF). The award recognizes 
powder metallurgy (PM) industry 
champions from the end-user com-
munity whose long-time promotion 
of the technology has contributed 
to the expansion of powder metal applications.

Over the course of Dowding’s tenure at ARL, much of his 
PM-based research and development work has been related to, 
or in support of, material and process development for tung-
sten and tungsten alloys. He has performed research examining 
strain aging in tungsten heavy alloys (WHA), the processing of 
novel tungsten-based compositions, and the re-spheroidisation 
of tungsten grains in heavily cold-worked WHAs.

Dowding has been a strong leader in and supporter of the 
Army’s Small Business Innovative Research (SBIR) program 
since the mid-1980s. As the contracting officer’s technical rep-
resentative (COTR) for more than 35 Phase I and Phase II con-
tracts, his efforts have been leveraged to support multiple mis-
sion programs in the materials science and manufacturing of 
protection- and lethality-related applications. He has also pro-
moted missile programs focusing on powder metallurgy, tung-
sten research, nanomaterials, armour ceramics, and powder 
injection molding. Dowding will be presented with the award at 
the PM2014 World Congress that takes place from May 18–22 
in Orlando, Florida.

Gleason Forum
ATTRACTS VISITORS FROM 30 COUNTRIES

Gleason Corporation announced the completion of the Gear 
Solutions Forum at its Gleason-Pfauter facility in Ludwigsburg 
Germany, April 1-3, 2014. Gleason hosted approximately 600 
visitors from 30 countries over a three day period with a com-
prehensive display of the latest technologies in gear produc-
tion and a series of leading experts from the gear industry and 
academia presenting on significant trends and developments in 
gearing.

Introduced were brand new machine developments and 
technologies including the Genesis 200GX double spindle 
threaded wheel gear grinder, the Genesis 210HCD gear hob-
ber with dual loading stations and integrated chamfering and 
deburring, and the 100S small gear shaping machine, which 
was dry shaping with capability up to 3000 strokes/minute. 
Demonstrated were new gear production processes like Power 
Skiving, on-board part inspection using Gleason’s own GAMA 

metrology software, the new Phoenix 280G bevel gear grinding 
machine and the 300GMS analytical gear inspection machine.   
In total were more than 15 gear production machines provid-
ing live demonstrations, along with the industry’s largest and 
most diverse offering of gear cutting tools and workholding.   
Complementing products and processes were service and sup-
port capabilities, including machine rebuilds and retrofits, 
training and service programs.

Joining Gleason at the event was a host of partners and tech-
nology providers to the gear industry who exhibited at the 
Forum. This included companies providing software, heat treat-
ment, coatings and machining solutions.

Also introduced for the first time was Gleason 4.0, Gleason’s 
vision and systems architecture for digital manufacturing for 
the future. This topic stimulated significant interest from the 
attendees as they consider the next major step in design and 
production of gear systems.

Said John J. Perrotti, president and chief executive officer of 
Gleason Corporation, “This was the third time we have host-
ed this event and customer response just continues to grow. 
The Gear Solutions Forum has truly evolved into the glob-
al gear industry’s most comprehensive educational event of 
the year”. The next Gear Solutions Forum is scheduled to be 
held in September 2015 in Rochester New York, home of the 
Company’s corporate headquarters and of The Gleason Works 
facility.  2015 will be the 150th anniversary of the company.

EMAG
LAUNCHES APPRENTICE PROGRAM

EMAG has an ongoing interest in providing job opportuni-
ties for highly skilled, specialized machine tool technicians. 
To encourage continuing growth in Michigan’s mechatronics 
manufacturing industry and ensure an advanced workforce to 
close the sector’s skills gap, EMAG has launched an appren-
tice training program, together with the Michigan Economic 
Development Corporation, Oakland Community College and 
Henry Ford Community College. The program offers high-
school graduates a career in machine Mechatronics, a discipline 
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incorporating electrical, electronic and mechanical studies, pro-
viding all graduates an Advanced Associate’s Degree.

Over the course of three years, the students will rotate edu-
cational semesters at the colleges with practical learning on the 
shop floor of EMAG. “This program is unique in that it is the 
first of its kind here in the U.S. that will develop a talent pipe-
line for the manufacturing industry,” stated Mike Kjorli, EMAG 
shop floor manager and designated mentor to the company’s 
apprentices. “The participating colleges asked companies for 
their input to develop a real world curriculum, making it truly 
tailored to the needs of the industry,” Kjorli added. All tuition 
and student fees, as well as supplies are provided by the EMAG. 
The combined classroom and work curriculum offers the stu-
dents with both paid employment during their studies and a 
guaranteed position with the company upon successful gradu-
ation. Rebekka Neumann, hired by EMAG as an Apprentice 
Mechatronics Technician, stated, “This program takes a differ-
ent approach. You apply everything you learn at your job then 
graduate with a degree, a job and no student loan debt.”

The apprenticeship program’s goal is to introduce more peo-
ple to the mechatronics technician field, providing critical sup-
port to engineers, increasing the sector’s economic strength and 
ability to attract and retain desirable jobs. “This will prepare 
them for many work opportunities in the mechatronics field, 
not only at EMAG, but in the whole industry,” stated Kjorli. 
Two applicants, Matthew Combs and Neumann, were hired by 
EMAG at the start of the program. After completing their first 
educational semester, both joined the EMAG team in January 
2014 to begin the practical rotation of their apprenticeship.

A substantial investment by the EMAG management team 
helped to launch the apprenticeship program in Fall 2013. It has 
received recognition from U.S. Senators, State of Michigan offi-
cials and extensive support from college representatives. “This 
program is very special for me, as I studied the then-new area 
of Mechatronics in school myself,” stated EMAG CEO Peter 
Loetzner. “I have always believed it is necessary that we help 
educate and train the next generation of engineering, opera-
tor and maintenance personnel. Nothing happens in industry if 
the machines are not working properly. We at EMAG are very 
proud to participate in this important program, which not only 
benefits us, but Michigan and the Detroit area, in particular.”

Rebekka Neumann and Matthew Combs, apprentice mechatronics 
technicians on the EMAG shop floor.
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Mitsubishi Heavy 
Industries
WELCOMES WEGRYN-JONES TO SALES 
TEAM

Mitsubishi Heavy Industries – 
Machine Tool Division is pleased 
to announce the employment of 
Ross Wegryn-Jones as regional 
sales manager for gear machines. 
Wegryn-Jones has vast experi-
ence in the gear industry includ-
ing gear, spline & shaft products to 
print, gear grinding and measuring 
machine tools and workholding. 
He has over 24 years’ experience in the machine tool & manu-
facturing industries. Wegryn-Jones holds a BA from Michigan 
State University in Marketing & Advertising and an MBA in 
Management from Western Michigan University. His passions 
include family, radio controlled aircraft, sailing and soccer 
when he’s not keeping up with his four daughters. 

KISSsoft
HOSTS ISO WORKGROUPS

During the week of April 7 to 11, several meetings of ISO 
Workgroups took place at KISSsoft AG headquarters. 
Workgroup 6, chaired by Professor Höhn, is intensively engaged 
in the development of a Technical Report, in which for the 
first time eight examples of calculations according to ISO 6336 
will be documented. This work is very important for KISSsoft, 
because it can demonstrate that the software correctly imple-
ments the ISO 6336 and gets the same results, as they will be 
published in the standard.

After concluding the new issue of the ISO 1328-1 for 
cylindrical gear tolerances, Workgroup 2 works now on the 
Technical Report 10064: Code of inspection practice. The 
ISO 1328-1 was published in 2013 and is included in the new 

KISSsoft Release 03/2014. Since the differences compared to 
1995 are considerable, both versions of Part 1 are now available 
in KISSsoft. It will most likely take time until the new tolerance 
values are generally considered. Workgroup 7, chaired by Dr. 
Octrue, is concerned with the geometry and strength of worm 
wheels. The different flank forms of the ISO TR 10828 are 
implemented in the 3-D worm models of KISSsoft.

Trescal
ACQUIRES INSTRUMENT CALIBRATION 
SERVICES

Trescal recently announced that it has acquired Instrument 
Calibration Services and Test Equipment Repair Corporation, 
two companies that provide calibration and repair services 
for a wide variety of measurement and test equipment. The 
two transactions consolidate Trescal’s geographical footprint 
and enhance its calibration and repair capabilities in North 
America.

The deals were completed with the support of Trescal’s 
majority shareholder, Ardian, the premium independent pri-
vate investment company, and underscore Trescal’s position as a 
leading global provider of calibration services through its global 
network of over 67 owned calibration laboratories. This is the 
fourth expansion since Ardian acquired Trescal in July 2013.

Instrument Calibration Services and Test Equipment Repair 
C orporat ion — both 
based in Atlanta, GA, 
and A2LA accredit-
ed — generated rough-
ly $4.2 million in sales 
last year and have 24 
employees including 18 
engineers. The terms 
of the deals are not dis-
closed.

“The acquisition fur-
thers our growth strat-
egy in North America, 
and marks another sig-
nificant step towards 
our goal of dominating 
the market within two years,” Guillaume Caroit, general secre-
tary of Trescal said. “Once again, the expertise of the teams and 
the reputation of these companies were critical aspects of both 
acquisitions.”

Britt Myers, president and founder of both Instrument 
Calibration Services and Test Equipment Repair Corporation, 
said joining Trescal, a market leader in test and measurement 
equipment services, was an extraordinary opportunity.

“I am happy to transfer my teams to Trescal, as this group is a 
pure player and specialist in calibration services strengthening 
its leadership position as a comprehensive test equipment solu-
tions provider. I am confident that this transaction will be ben-
eficial for both parties and their customers. Also, I would like to 
thank Guillaume Caroit and Lonnie Spires for their efforts and 
their professionalism,” Myers said.

Thibault Basquin, managing director of Mid Cap Buyout at 
Ardian, also applauded the deal, noting the strong prospects for 
Trescal as it continues to work closely with Ardian. “This latest 
acquisition fits perfectly with the strategy we laid out when we 
acquired Trescal,” Basquin said. ”Both the Ardian and Trescal 
teams have implemented an ambitious roadmap with a view to 
accelerate external growth and we are confident that new trans-
actions will be announced in the coming months.”
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PTG
COLLABORATES WITH UNIVERSITY OF 
HUDDERSFIELD

Committed to the advancement of machine tool technol-
ogies, Precision Technologies Group (PTG) has signed a 
‘Memorandum of Understanding’ with The Center of Precision 
Technologies at the University of Huddersfield.

PTG and the University of Huddersfield have worked togeth-
er on a range of projects over a number of years. In signing the 
agreement, both parties have shown their commitment to col-
laborate with the aim of creating a Research and Development 
Center in Machine Tool Technology at the University.

As part of the agreement, the position of ‘Chair in Machine 
Tool Technology’ will be created and, in the first instance, held 
by Professor Alan Myers of the University of Huddersfield. 
Additionally, ‘Visiting Researcher’ status will be granted to an 
individual nominated by PTG and approved by the University.

In the first instance, this role will be held by Professor 
Christopher Holmes, general manager of PTG division, 
Holroyd Advanced Developments. As a further benefit of the 
agreement, PTG will be given access to the University’s on-cam-
pus, high-performance computing resources, which will make 
intensive simulations very much faster.

“Professor Myers has taken part in meetings with our design-
ers and advised us on thermal behaviour,” comments PTG’s 
Professor Holmes. “The work we plan to do is ambitious. We 
are discussing software modelling of machine tools to predict 
static deflections, dynamic responses, and thermal behavior, all 
of which have an effect on accuracy. By modelling these factors 
in advance, we can assist our designers. We also hope to have a 
software model of a machine, which will permit virtual parts to 
be machined and control software to be developed, without the 
need for a real machine to be available.”

“We are delighted to have embarked on this exciting part-
nership with the University of Huddersfield,” comments 
PTG Group Business Development Director, Neil Jones. “At 
Precision Technologies Group, we have a reputation for not 
only embracing the very latest manufacturing technologies, but 
also for innovation. Consequently, we look forward to the ben-

From left to right: Dr. Tony Bannan (PTG), Professor Alan Myers (University 
of Huddersfield), and Professor Christopher Holmes (PTG).
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efits that working with the University of Huddersfield can bring 
to our global customer base.”

Professor Myers, who recently visited CHMTI (the machine 
tool division of PTG’s Chinese parent company) with PTG 
Chief Executive Officer, Dr. Tony Bannan, added: “The Center 
for Precision Technologies at the University of Huddersfield 
has established a growing relationship with PTG over a num-
ber of years now and has also welcomed several Chinese execu-
tives and engineers. The Memorandum of Understanding will 
take our partnership with PTG to a new level as we seek to 
push the boundaries of machine tool technology. Additionally, 
I am delighted to welcome Professor Christopher Holmes as a 
Visiting Researcher at the University. His vast experience will 
bring that specialist industrial knowledge to our work that will 
be crucial in what we hope to accomplish.”

Dedicated to the advancement of technology, PTG is also 
platinum sponsor for City University London’s biennial 
International Conference on Compressors and their Systems. 
The conference is widely regarded as one of the world’s leading 
events in compressor technology, and City University London 
is globally recognised as a premier center of excellence for com-
pressor design and development. PTG has sponsored the event 
since it was first held in 1999.

Renishaw 
ACQUIRES ADVANCED CONSULTING AND 
ENGINEERING

Renishaw has purchased the business of Advanced Consulting 
& Engineering, Inc. (ACE), a U.S.-based supplier of dimension-
al measurement products and services focused on the automo-
tive industry.

The acquisition of family-owned ACE, based in Rochester 
Hills, Michigan, provides Renishaw further specialized pro-
gramming capabilities using leading industry packages, and 
will help to support Renishaw’s sales of coordinate measuring 
machine (CMM) probing systems and Equator gauges in the 
USA.

For over 15 years ACE has provided a range of in-house and 
on-site measurement services to its customers including con-
tract inspection, CMM fixture design, machine retrofits, CMM 
programming, training and full turnkey solutions from concept 
to completion. Since 2011 the company has also been a dis-

tributor of Renishaw’s CMM and gauging products, including 
REVO, PH20 and Equator. ACE has A2LA lab accreditation.

“We are very excited at becoming a part of the Renishaw 
Group, which is globally respected in the metrology industry,” 
said Ken Bergler, founder of ACE.”This is a great opportunity to 
expand our existing operations, and I believe that we can make 
a significant contribution to Renishaw’s U.S. operations through 
the specialized skills we have developed servicing our high 
quality customer base.”

Leo Somerville, president of Renishaw Inc, added: “This is 
an excellent acquisition for Renishaw and further underlines 
our commitment to invest in the development of our metrol-
ogy business. We have known Ken and his team for many years, 
over which time ACE has built an excellent reputation for 
delivering high quality measurement solutions, particularly for 
demanding applications in the automotive sector. As Renishaw 
continues to focus on supplying end-user metrology solu-
tions, including CMM retrofits and installations of our Equator 
gauge, the specialized programming and applications knowl-
edge of the ACE team will be particularly valuable.”

H-D Advanced 
Manufacturing 
APPOINTS DON BROWN PRESIDENT AT 
OVERTON 

H-D Advanced Manufacturing Company (H-D), a heavy 
duty industrial company focused on high-precision manufac-
tured products used in motion control and other applications, 
announced today that Donald A. Brown has been appointed 
president and CEO of its subsidiary, Overton Chicago Gear 
Corporation (OCG or the Company), a leading manufacturer 
and provider of large, custom, mission-critical gears, gearbox-
es and repair services. Mr. Brown brings to OCG more than 
20 years of management experience in the global manufac-
turing sector. Former OCG Chief Executive Officer Lou Ertel 
will remain Chairman of the Company’s board, in addition to 
his duties as chairman of the American Gear Manufacturers 
Association.

Brown joins OCG from Carlisle Brake & Friction, a $350m 
division of Carlisle Companies (formerly Wellman Products 
Group) where he was vice president of Global Operations and 
Carlisle Operating Systems (COS). During his eight-year ten-
ure at Carlisle Brake & Friction, he was responsible for the com-
pany’s global operations, including sourcing, purchasing, engi-
neering, quality and quality systems, COS, and Environmental, 
Health and Safety functions.

Christopher DiSantis, CEO of H-D Advanced Manufacturing 
Company, said, “We are proud to have attracted an executive of 
Don’s caliber to lead OCG. Don is a highly accomplished man-
ufacturing executive and a proven leader. He is widely known 
for his uncompromising drive for operational excellence, and 
his hire is a great development for our customers who will ben-
efit from his relentless focus on customer service. We look for-
ward to OCG‘s successful future under his leadership.”

From left, Jeff Keller, Jeremy Holbrook, Ken Bergler, Kristin Monahan, 
Jason Christensen, Kurt VonLinsowe.
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May 18–22 — PM2014 World Congress. Orlando. 
PM2014 World Congress boasts more than 450 experts present-
ing the latest in PM, particulate materials, tungsten, refrac-
tory and hard materials. An inaugural conference on additive 
manufacturing will feature worldwide industry experts present-
ing the latest developments in this fast-growing field. It is an 
essential meeting for anyone interested in metal components 
produced via additive manufacturing. The trade exhibition 
will include 175+ booths from suppliers in the PM industry. 
Special conference events include global trends sessions, three 
luncheons, a welcome dinner and a closing dinner. Conference 
session topics include composites, mechanical properties, sin-
tering, magnetics, heat treatment and more. For more informa-
tion, visit www.mpif.org.

May 21–22 — AGMA Spring Marketing & 
Forecasting Conference 2014. Crowne Plaza O’Hare, 
Rosemont, Illinois. Growing automotive production, housing 
construction and capital spending are positive indicators for 
gearing in the near term. But, our industry faces risks from 
uncertain government policies, a slowing energy sector and 
weak markets in Europe and Asia. The AGMA Marketing & 
Forecasting Conference will have a line-up of presenters to 
help make sense of these competing forces: AGMA’s economists 
(IHS Global Insight) will give their assessment and forecast 
for the industry and 10 end user markets; two experts repre-
senting sales channels for manufacturers’ representatives and 
agent and industrial distributors will discuss how to improve 
your sales through these two channels; special speaker on the 
evening of May 22 from the Chicago Federal Reserve. For more 
information, visit www.agma.org.

June 9–12 — The Big M 2014. The Big M is not only 
devoted to answering the big questions about the future of 
manufacturing. It’s also focused on the entire manufacturing 
process – from design to production to quality to sustainability, 
and much more. The Big M is ultimately about helping you find 
the solutions you need here and now. The Big M takes network-
ing to a whole new level. Real working sessions provide a level of 
collaboration you’ve never experienced before – with real results. 
“Connection Stations” throughout the exhibit area encourage 
impromptu meetings. Small group networking sessions, match-
making opportunities and social events will help you make con-
nections and build alliances across multiple industries. The Big 
M includes Rapid 2014, SME Annual Meeting and NAMRC. For 
more information, visit www.sme.org.

June 9–11 — Gear Failure Analysis Software. Big 
Sky Resort, Big Sky, Montana. In AGMA’s Gear Failure Analysis 
Seminar, attendees will examine the various types of gear fail-
ure, such as macropitting, micropitting, scuffing, tooth wear and 
breakage. Possible causes of these failures will be presented, 
along with some suggested ways to avoid them.  A gear failure 
analysis expert will use a variety of tools and methods – lectures, 
slide presentations, hands-on workshops with failed gears and 
Q&A sessions – to give you a comprehensive understanding of 
the reasons for gear failure. Participants are encouraged to bring 
their own failed gears or photographs and discuss them during 
the Q&A sessions. The seminar brings together a vast amount of 
knowledge not available elsewhere. It will help you solve every-
day problems whether you are a gear engineer, user, researcher, 

maintenance technician, lubricant expert, or manager. Attendees 
will treasure the course manual as a permanent reference and 
guide for failure analysis. It offers over 100 color photos, doz-
ens of illustrations, a textbook and failure atlas. The course is 
instructed by Robert Errichello from Geartech. For more infor-
mation, visit www.agma,org.

June 10–11 — NAM 2014 Manufacturing Summit. 
Washington, D.C. The National Association of Manufacturers 
asks you to join your fellow manufacturers from across the 
country to meet with legislators and advocate policies that play 
a critical role in our nation’s economic growth. Last year, over 
550 manufacturers of all sizes from across the country attended 
this two-day Manufacturing Summit and made over 210 visits 
to congressional offices to highlight their personal stories and 
concerns about key manufacturing issues. The Manufacturing 
Summit is the perfect time for you to connect with freshman 
members, as well as other key members of Congress to discuss a 
host of issues that impact not only the business community but 
your company, your workers and your bottom line in a meaning-
ful and impactful way. It’s time for manufacturers to lead. For 
more information, visit www.nam.org.

June 17–19 — Gear Manufacturing & Inspection. In 
this seminar, attendees can gain a broad understanding of the 
methods used to manufacture and inspect gears – and much 
more. They will take it one step further, learning how the result-
ant information can be applied and interpreted in the design 
process. First, learn about methods behind a variety of gears, 
including external and internal spur, single and double helical 
gears, as well as bevel and worm gears. A description of each 
basic manufacturing and inspection method is provided. Both 
the methodology and underlying theory are explained. The 
seminar also covers the methods of specifying the data required 
to control both the manufacturing and inspection processes on 
an engineering drawing and in a specification. This includes 
both the data to be defined and the presentation of the data on 
the engineering drawing. The course is instructed by Raymond 
Drago, chief engineer - gear technologist, Drive Systems 
Technology, Inc.  For more information, visit www.agma.org.

June 24–25 — International VDI Congress 
Drivetrain for Vehicles. Friedrichshafen, Germany. The 
14th Congress allows attendees to discuss with over 1,200 
experts on topics such as hybrid, MT, AMT, AT, CVT and AWD. 
Companies participating in various lectures include ZF, BMW, 
Getrag, Jatco, Ford Motor Company and more. Topics include 
NVH, components, clutches, transmission control, hybrid drives, 
mobile machines, testing drivelines. Rene Borbonus will give an 
evening presentation (Respect! How to gain prestige with friends 
and foes) that deals with professional communication. Current 
exhibitors include KISSsoft, Getrag, GKN Driveline, Liebherr, 
Oerlikon Graziano, Romax Technology, Schaeffler, SKF, Victrex, 
ZF and more. Gear Technology is a media sponsor of the event. 
For more information, visit www.getriebekongress.de.
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GLEASON Model 504 
HYPOID TESTER

36" (900mm) Gear, 24" (600mm) pinion,

#80 and #60 tapers with adapters 80 to 60, 60 to 
39, 39 to 14, power clamping
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Model 116 Index Gears
Cutter Spindle Adaptors for 4.5" 

and 12" Cutters
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FORMATE
Above available as package – Photo Available

www.gearmachineryexchange.com

GLEASON TOOLING FOR SALE

79May 2014 | GEAR TECHNOLOGY

classified

http://www.star-su.com
http://www.gallenco.com
mailto:info@koroind.com
http://www.gearconsultinggroup.com


80 GEAR TECHNOLOGY | May 2014
[www.geartechnology.com]

addendum

The long and colorful history of aviation is com-
prised of many chapters and giants. The chapter we’re 
reviewing in this installment of Addendum is the invention and 
development of the retractable landing gear. We’ll also touch 
wings with a couple of those “giants” — i.e., Jack Northrup and 
Leroy Grumman — both of whom played key early roles in 
determining a most critical design element for the critical land-
ing gear: Pants or no pants?

That is the question. But first some much needed context.
It was the Roaring Twenties and by then the flyboys were 

pretty sure the aviation thing was a winner, so of course the 
American thing to do was to make it even better. One imme-
diate goal was — of course — more speed with less fuel. Serious 
testing began. Indeed, the National Advisory Committee for 
Aeronautics (NACA) in 1927 debuted its Propeller Research 
Tunnel (PRT) at Langley Memorial Aeronautical Laboratory 
in Virginia. The wind tunnel — unique for its time — could 
accommodate an entire airplane for testing. NACA engineers 
suspected that aircraft landing gear contributed to much of the 
drag of an airplane, and the PRT was the first wind tunnel that 
would allow them to confirm their suspicions.

Tests in the outsize tunnel immediately confirmed that land-
ing gear contributed nearly 40% of fuselage drag. This shocked 
the researchers — and handed them a “eureka moment.”

They now realized that reducing drag produced by land-
ing gear would significantly improve the overall performance 
of the airplane in flight. And, they were aware of several ways 
to reduce the drag of the landing gear. The two most obvious 
methods were to either retract the landing gear inside the air-
craft, or to redesign a fixed landing gear so that it produced less 
drag while still protruding below an aircraft. At the end of the 
day, the bottom line for designers is — as mentioned — overall 
performance. Which, in turn, led designers of that period to a 
consensus that landing gear should be brought up into the fuse-
lage, thus removing all resistance and accompanying drag.

(In fact, it was determining this delicate balance between the 
extra weight of the gear and the reduced drag that was most 
important for the overall acceptance of retractable landing gear.)

But consensus is not unanimity. There remained many who felt 
fixed landing gear were the best approach, an approach that could 
be improved aerodynamically with the addition to the landing 
struts of something never seen on landing gear before: “pants.”

It’s true. That is what the designers came to call the metal 
shrouds that enwrapped the fixed landing gear. These stream-
lined coverings that extended down from the fuselage with the 
wheels sticking out at the bottom, were also known — somewhat 
more elegantly — as “trouser gear.” Jack Northrup, a leading pro-
ponent and one of the last holdouts for gear pants (but he called 
them “cowls”) — clung to his design — until the late 1930s.

For it was in 1937 that the humble yet now irreplaceable 
O-ring (as we remember the Space Shuttle Challenger) was 
born, making simple hydraulic systems suddenly possible for 
moving retractable gearing into place. (Early iterations were 

either hand-cranked or driven by inefficient electric motors.) 
When the O-ring came online, the improved hydraulic systems 
became practical for retracting wheels.

And since the outbreak of WWII, the rule has been fixed 
wheels for light planes flying less than 200 mph; retractable gear 
for fast commercial and combat planes.

To get to the end of the story, we need to retrace a bit.
The first U.S. patent for retractable landing gear was awarded 

in 1925 to American Paul G. Zimmerman and Russian Boris V. 
Korvin-Kroukovsky, both of Monmouth, New Jersey. And the 
Boeing Monomail (1930), along with the Lockheed Model 9 
Orion (1931), are generally considered pioneers in the develop-
ment of retractable landing gear, proving that it was practical.

In 1932, aware of the U.S. Navy’s desire for retractable land-
ing gear, Leroy Grumman was awarded U.S. Patent 1,859,624, 
Retractable Landing Gear for Airplanes, based on an earlier 
design of his. The innovative, manually operated landing gear 
helped win a number of Navy defense contracts for his company.

But it was after the outbreak of World War II in Europe that 
Grumman’s still scuffling company realized almost overnight 
success as the war prompted France and Britain to order a sky-
ful of F4F Wildcats — Grumman’s first monoplane fighter design 
and still bearing his original signature design element — the 
retractable undercarriage that had been created in 1932 — with 
pants. (Sources: www.century-of-flight.net; Googlepatents.com; 
www.uh.edu/engines.) 

In Aviation,
Pants Are Optional
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