
THE GEAR INDUSTRY’S INFORMATION SOURCE

www.geartechnology.com The Journal of Gear Manufacturing

May 2007

TECHNOLOGYGEAR

The Global 
Gear Industry
• Publisher’s Page

• Voices

• Events

Feature
• Return to Flight at
 NASA’s Glenn
 Research Center

Technical 
Articles
• New Developments  
 in TCA and LTCA

• Thermal Behavior of
 High-Speed Helical  
 Gears

http://www.geartechnology.com


1
2

34

5

6

7

1
23 4

5

6

7

8

Resharpen, Retip, Recoat, Repair…
Let Star SU Manage All Your Tools

Star SU Full Service Tool Centers
Star SU/Oerlikon Balzers
 1 Burlington, ON, Canada
 2 Warren, MI
 3 Farmington Hills, MI
 4 Hoffman Estates, IL
 5 Tipp City, OH
 6 Rock Hill, SC
 7 Saltillo, Mexico

Oerlikon Balzers Coating Centers
 1 Agawam, MA 
 2 Amherst, NY  
 3 Lansing, MI  
 4 Wixom, MI   
 5 Brunswick, OH   
 6 Nashville, TN
 7 Houston, TX 
 8 Bakersfield, CA 

Gear Tools
Hobs, Shaper Cutters, Shaving 
Tools, Chamfer/Deburr Tools,
Stick Blades

Round Tools
Mills, Drills, Gundrills, 
Reamers, Face Mills, End 
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Oerlikon Balzers BALINIT® 
wear-resistant coatings 

Tool Management Services
PPU programs, CPU programs, 
Cost/Piece Strategies
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Takes Wing at NASA 
Glenn Research 
Center

East Meets West 
at CIMT

Generating gear

Angel Otero, chief of the NASA Glenn Research Center’s space opera-
tions division, explains rocket science to a member of the press. 
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ETCEngineered Tools CorporationETC
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Engineered Tools Corporation 
2710 West Caro Rd. Caro, MI 48723 

Manufacturer of Precision Spiral Bevel Gear Tooling
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To View 
Our Complete Product Line
www.engineeredtools.com 

TRI-AC®, RIDG-AC®, HARDAC® and RSR® are registered 
trademarks of The Gleason Works, Rochester, New York
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Zurich (Switzerland)
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services:
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PRECISION SPIRAL BEVEL GEAR TOOLING AND 
RECONDITIONING OF BEVEL CUTTER BODIES”

Call Ross Deneau Today!
for all of your cutter body needs

Our new manufacturing facility in Troy, MI.
PH: (248) 619-1616  •  FAX: (248) 619-1717
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Our New Cutter Body Maintenance Program. 
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O.E.M. specifications. Inspection report and mainte-

nance log by serial number for tracking history.

ETCETC
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 REX 76, M4, ASP30
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● Replacement hardware “Screws and
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 51mm through 175mm

● Oerlikon Balzers PVD Coatings

●  Rough Form Wire Service

Our ETC-809, ETC-807 and ETC-805 are 
Specially Formulated Carbide Grades developed 

exclusively for High Performance Bevel Gear 
manufacturing. Our grades teamed with Balinit 

P.V.D. coatings enable us to approach each and 
every specific application in the bevel gear industry 

for OPTIMUM PERFORMANCE.

http://www.engineeredtools.com
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Have you ever been to Malaysia? How about Indonesia, Have you ever been to Malaysia? How about Indonesia, 
Brazil, Slovakia or Russia? Well, we have. We go there every 
issue. Gear Technology has subscribers all around the world, 
so we go to a lot of places. Heck, we even have a subscriber in 
Ethiopia. Really, Ethiopia. He’s responsible for making replace-
ment parts, including gears, at a major cement manufacturer. 
(Hello, Daniel!)

All over the world, people are hungry for the type of infor-
mation Gear Technology provides. People like Daniel seek us 
out to subscribe. 

And we’re looking for them, too. When we identify new 
gear companies—no matter where they are—we send them free 
sample copies of the magazine. In return, they send back sub-
scription forms. 

Today, Gear Technology has paid or qualified subscribers in 
70 countries. In January, we mailed an extra 1,000 copies of the 
magazine to gear manufacturers in China. This issue, we’ve done 
the same thing by mailing to potential subscribers in India. 

We embrace the globalization of the gear industry. In today’s 
world, you almost have to. Many of you work for companies 
who have established joint ventures, partnerships, sales and 
marketing agreements or other arrangements with companies in 
other parts of the world. You, too, embrace the globalization of 
the gear industry.

But I know what some of you are thinking. Why is Gear 
Technology helping to educate my potential competitors around 
the world? Does Gear Technology want my foreign competitors want my foreign competitors 
to take away my business?

Nothing could be further from the truth.
The fact is, the gear industry is already quite global. How The fact is, the gear industry is already quite global. How 

many of you have customer lists that look like our subscriber many of you have customer lists that look like our subscriber 
list? Do you have more overseas customers than you had 10 list? Do you have more overseas customers than you had 10 
years ago? I thought so. Now, ask yourself: Are you better off if years ago? I thought so. Now, ask yourself: Are you better off if 
those customers actually understand gear manufacturing? Or are 
you just better off if they want the lowest price? Gear Technology
helps spread the knowledge of what goes into quality gear manu-
facturing. We teach and reach the global gear industry.

Besides all that, you can’t stop your overseas competitors 
from learning. Companies in China and India are buying tech-
nology at an astounding rate. You need to stop thinking of them 
as countries that compete on low-cost labor. In some cases, their 
machine tools and processes may be more modern than yours.

In April, many of the world’s leading gear machine tool 
manufacturers exhibited at the CIMT machine tool show in 
Beijing (see our article on p. 55). CIMT is the Chinese version 

The 
Gear Industry’s 

GLOBAL 
Information Source

of IMTS or EMO. Virtually every company that makes equip-of IMTS or EMO. Virtually every company that makes equip-
ment for manufacturing gears wants a piece of that market. Many 
of them are unveiling new machine models for the first time at 
this show. 

Most of you are still very busy. Your order books are prob-
ably filled through the end of next year, and you’re getting prices 
that actually allow you to make a profit. So right now, you’re 
probably not too worried about foreign competition.

My sense is that gear manufacturers in other countries are 
just as busy. Right now, countries like India and China have a 
huge demand for gears within their own borders. Their grow-
ing middle classes want automobiles, appliances, good roads, 
electricity and safe housing. Building the infrastructure alone 
requires massive amounts of machinery. Even in Ethiopia, you 
can’t make cement without gears. 

But someday there’ll be a recession. When it comes, look 
out! Right now, China and India are building up their capacity. 
What will they do with that capacity when things get tight in 
their home markets? Maybe they’ll look to sell more gears in 
your backyard.

When they do, will you be ready? Will you look to these 
foreign companies as potential partners, as many have begun to 
do already? 

The gear industry is already global, and it will grow more 
global with each passing year. Gear Technology is making every 
effort to be at the center of this globalization. How about you?

Michael Goldstein,
Publisher & Editor-in-Chief

P.S. Gear Technology’s circulation has been audited annually 
by BPA International since 1996. You can view our current 
circulation statement by visiting http://www.geartechnology.
com/bpai_statement.pdf. The statement shows that we had quali-com/bpai_statement.pdf. The statement shows that we had quali-com/bpai_statement.pdf
fied subscribers in 62 countries as of the November/December 
2006 issue. Because our subscriber list is constantly changing, 
all the circulation data included in this editorial is based on our 
most current publisher’s data.

http://www.geartechnology.com
http://www.geartechnology


Each of our E series machines have been designed for a specifi c application. Using the tools of Finite Element Each of our E series machines have been designed for a specifi c application. Using the tools of Finite Element 
Analysis and three dimensional CAD, we have been able to optimize our machine designs to effi ciently and Analysis and three dimensional CAD, we have been able to optimize our machine designs to effi ciently and 
economically produce gears. Each unique design is capable of handling all of the varied loads, stresses, heat economically produce gears. Each unique design is capable of handling all of the varied loads, stresses, heat 
and process byproducts generated by the cutting or grinding conditions.

Mitsubishi Heavy Industries America, Inc.
Machine Tool Division
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GRINDING GRINDING == HOBBING HOBBING== HOBBING

46992 Liberty Drive  •  Wixom, Michigan 48393  •  ph:  248-669-6136   •   fax:  248-669-0614
www.mitsubishigearcenter.com
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USA: How Will Your Company's Employment Level 
Compare with Employment in 2006?

Increase 1-10%

Stay the same

Decrease 1-10%

Increase 11-20%

Increase more than 20%

Decrease 11-20%

30.4%

26.1%

13.0%

13.0%

8.7%

4.3%

4.3%

Decrease more than 20%

Gear Technology Poll

Name That Beachfront
While reading through 

the January/February 2007 
issue of Gear Technology, 
a question arose around the 
location of a picture that 
appears on page 80. The 
picture in question is at the 
top of the page and has the 
caption “Beachfront Gear 
Manufacturing” running 
through it. One believes the 
location to be Harrison Hot 
Springs in British Columbia. 
It looks very close, but I am 
not sure. Could you shed 
some light on this for us?

Thanks for looking into 
this for us.

Regards,
Gordon Kisser, purchasing
Vancouver Gear Works Ltd.

Editors’ Reply: Good call! The picture is indeed from Harrison 
Hot Springs, B.C. For additional information on the gear sand 
sculptures, visit the artist’s website at www.sandguy.com.

Overseas Outsourcing 
Hurts Our Industry

(Editor’s Note: The following letter was in response to our 
online Voices question, “Is OEM Outsourcing Good or Bad for the 
Gear Industry?”)

OEM outsourcing [outside the United States] is in no way any 
good for any industry, let alone the gear industry. Gear manufacturing 
is one of the most diffi cult types of machining, and it takes training 
to do it right. 

A lot of the companies that have begun outsourcing their gears 
now had to let a lot of good machinists go. Now those machinists are 
working (if they are lucky) in a machine shop atmosphere that is not 
challenging their knowledge in gear manufacturing. In many cases, 
that is because it was the only job they could fi nd close to home.

I travel through all of North America and see plants from 
New York to Detroit to Mexico, and you cannot prove to me that 
outsourcing gears overseas or even to Mexico can be cheaper. There 
are a couple of plants in the Carolinas that are the most state-of-

the-art gear manufacturing plants around, and you can’t tell me that 
outsourcing to lower labor cost countries is cheaper. The larger OEM 
companies that outsource their gears now do it only because they 
don’t what to invest in the equipment needed to be competitive.

You can walk in a gear plant in Detroit and there will be one guy 
operating one machine. In other parts of the country, it might be one 
guy for four machines, but at the plants in the Carolinas, it’s more 
like one guy for six or eight machines—and he’s not working as hard 
as the one guy in Detroit.

Anyway, when we close another plant, there are just that many 
more gear machinists to go on to other industries. There’s a bevel 
gear plant closing in Missouri soon. It had about 200 employees at 
the plant with about 75 working in the gear cutting area. Almost all 
will soon be working outside the gear industry and more than likely 
not in manufacturing at all. That’s not good for the gear industry, 
much less manufacturing.

Maybe we need to have a job fair for gear manufacturers in cities 
that are losing gear making plants?

Ned Hoermann, sales manager
Engineered Tools Corp.

American Gear Industry 
Still Optimistic About 
Growth in 2007

According to the results of our online poll, 43.4% believe their 
companies will employ more people in 2007 than in 2006.

 A D D E N D U M
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Lots of us became interested in 
gears while taking drafting classes 
in high school. Kirk Rademaker got 
hooked on orthographic projection as 
a teenager, but went about pursuing his 
passion for gears in a unique way. 

Rademaker became an interactive 
environmental artist and makes his liv-
ing creating gears, transmission, nuts 
and bolts, turbines and various other 
industrial machinery out of sand. He’s 
based in Santa Cruz, CA, and travels the 
world participating in corporate team-
building events and creating custom-
ized sand sculptures for parties.  Gears 
are a favorite of the artist’s because of 
their sharp lines and abstract shapes.

“I just love doing gears because 
they’re a sign of movement. My 
abstracts always have a lot of 
movement. I looked at some of the 

sculptures and decided they looked 
mechanical and went mechanical,” 
he says. 

It takes from three to five days for 
Rademaker to construct a sculpture. 
He compares the sand’s consistency 
to working with stale mashed potatoes 
and, upon completion, sprays the sculp-
ture with glue for adhesion.

Sand gears don’t come cheap and 
Rademaker says he was recently paid 
$1,000 per sculpture per day, plus 
airfare and lodging at the Ritz-Carlton 
San Juan for a gas turbine he created for 
a conference. 

“This isn’t a job that I’ll ever get 
rich doing, but I’ve been able to trav-
el to Europe and all over the world 
making sand sculptures, and I love the 
creativity and working with people on 
the beach,” he says.

Beachfront Gear ManufacturingBeachfront Gear Manufacturing

Tell Us What You Think . . .
• Rate this article  • Make a suggestion

Send e-mail to 
wrs@geartechnology.com

Or call (847) 437-6604
to talk to one of our editors!

LELettersto

Editor

http://www.geartechnology.com
mailto:wrs@geartechnology.com
http://www.sandguy.com
http://www.geartechnology.com
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Emag’s 
Newest Vertical 
Turning Centers 

O F F E R  Q U I C K E R  
A U T O M A T I C  
W O R K P I E C E  
C H A N G E O V E R

 The VL series vertical standard 
turning machines from Emag are uni-
versal production tools with a small 
footprint and automatic workholding 
included. 

A recirculating belt conveys the 
workpieces to the pick-up station in 
carrier prisms that require no resetting. 
The pick-up station is located behind 
the machining area, which allows for 
removal of finished raw components 
and the insertion of new raw parts at 
the front and when desired. The work-
piece can be inserted directly into the 
carrier prism or into special work-
piece receptors located in the prism. 
Therefore, the automated system pro-
vides a fixed production cycle when a 
new part is ready as soon as the old part 
had been machined. Where asymmetri-
cal or long and thin workpieces have 
to be machined or where components 
have to be specially aligned, workpiece 
receptors and pallets of simple design 

can be inserted into the carrier prism. 
This allows for fully automated loading 
and unloading of a variety of work-
pieces.

The VL series is equipped with a 
chip conveyor, fume extractor, fluid-
cooling systems for spindle motor and 
turret and automated workhandling 
solution.  

With less than 400 mm travel 
between loading and machining posi-
tion on the turret on the smaller and 
only 550 on the larger, the VL offers 
shorter speeds for a workpiece change-
over. According to the company’s 
press release, chip-to-chip times are 
shorter, which ultimately yields better 
output rates.

All guideways are protected from 
chips and dirt, as they are located 
above and outside the machining area. 
Telescopic covers are not used on 
the VL.

For more information:
EMAG LLC
38800 Grand River Ave.
Farmington Hills, MI 48335
Phone: (248) 477-7440
E-mail: info@usa.emag.com
Internet: www.emag.com

http://www.geartechnology.com
mailto:info@usa.emag.com
http://www.emag.com
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Form Wheel Gear Grinder 
YK7332-A
$336,000

Limited Time Sale Price
(Lease options starting at $5,931/mo.)

Worm Wheel Gear Grinder 
YK7236-A
$392,000

Limited Time Sale Price
(Lease options starting at $6,290/mo.)

Delivery
16 W

(max. delivery, any model, 28 weeks)

               

Quality
ISO TS-16949 - 2002

Experienced 

ty 

 Shaanxi Qinchuan Machinery Development Co., Ltd. has selected American Broach & Machine Co. to offer sales, tech support, service 
and engineering for their world class gear grinding machines in North America, under the brand name QC American.  

(734) 761-5021 

16 
(max. deli

ISO TS-16949 - 2002
ty

(734) 761-5021

introducing 

mr bill holifield
national service 

manager

Delivery
16 W

Quality
ISO TS-16949 - 2002

Experienced
16 ISO TS-16949 - 2002

“QC American” Gear Grinders
a division of american broach & machine co., ann arbor, michigan 

Sunnen’s SV-1005 series vertical 
CNC honing system is now available 
with an integrated air gaging system 
to provide closed-loop control of tool 
size, along with downloadable SPC 
data.  Matched with Sunnen’s diamond-
plated CGT Krossgrinding® tools or 
MMT Turbo-Hone multi-stone man-
drels, the air-gage-equipped machine 
can automatically control hole size 
to accuracies of 0.25µm (0.000001") 
without operator intervention, working 
in a size range of 3–65 mm (0.120-
2.56") diameter. 

According to the company’s press 

Sunnen’s Vertical CNC 
C L O S E S  L O O P  O N  
A U T O M A T E D  B O R E  S I Z I N G

release, it is suitable for automated, 
high-Cpk production of small engines, 
hydraulic valves/bodies, fuel injectors, 
gears, compressor parts, turbocharger 
housings and gun barrels, in medium 
and high volumes.

Dolph Schallenberg, sales manager, 
says that by combining the new air gag-
ing system with the machine’s patent-
pending tool-feed control, the SV-1005 
eliminates the need for an experienced 
honing operator to tweak the process.  
The new Etamic air gaging system con-
trols bore diameter and geography by 

continued

http://www.qcamerican.com
http://www.geartechnology.com
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Drake Manufacturing is ready to 
ship serial number one of its range of 
GS:G2-LM 200 four-axis linear motor 
profile gear grinders. 

The GS:G2-LM 200 was tooled to 
produce master gears. Available in two 
sizes, workpiece diameters from 200–
350 can be accommodated.  Minimum 
workpiece diameter is 25 mm. Both 
models are equipped with a +/–45° 
helix. An optional worm grind pack-
age increases the machine’s capability 
to produce worms and other threads as 
well. The company says the GS:G2 
lets manufacturers source net-shaped 
or hobbed gears for most suppliers and 
still retain control over the final product 
quality.  

During the grinding cycle, Drake’s 
SmartSpindle acoustic emission moni-
tor allows fully automated gear tooth 
location and stock division to equal-
ize grind stock. Fully automated 
machines with robot load are avail-
able. A direct-drive synchronous torque 
motor with encoder feedback of 0.2 
arc seconds controls c-axis positioning. 

  P R O D U C T   N E W S                                      

Drake 
Manufacturing’s 
New Gear 
Grinders 

D E S I G N E D  
T O  M O U N T  
O N  A  
L I N E A R  
M O T O R  
P L A T F O R M

Linear axis positioning resolution is 
0.05µm. Drake’s GearSmart program-
ming allows 15-minute changeovers. 
Operators need only to enter specif-
ic part and process information into 
menu-driven screens.

For more information:
Drake Manufacturing
4371 N. Leavitt Rd. 
Warren, OH 44485
Phone: (330) 847-7291
Internet: www.drakemfg.com

taking post-process measurements of 
the parts while they are still fixtured 
on the machine’s rotary table.  He says 
that feedback from the air gage pro-
vides the highest possible accuracy for 
tool-feed control.  

The SV-1005 matches an ultra-pre-
cise tool feed system with CNC con-
trol to allow any CNC-experienced 
machinist to master honing quickly.  
Setup is simple with a three-axis hand 
wheel for fine tuning the tool feed and 
the servo-controlled stroke system and 
rotary table.  The control includes a 
switchable auto-correct feature for bore 
shape. 

 Using measurements from the air-
gage system, it allows the operator to 
select from a library of “problem” bore 
images (taper, barrel, etc.) to match to 
the part on the machine.  The servo-
controlled stroke system ensures a con-
sistent crosshatch pattern and can dwell 
in any part of the bore, end-to-end, 
selectively removing stock for ultra-
precise straightness and roundness.  

The vertical design of the SV-1005 
conserves shop floor space, requiring 
just 2,400 x 2,300 x 2,700 mm WxDxH 
(95 x 91 x 107").  A cast-polymer base 
and cast-iron column provide enhanced 
vibration damping for precision hon-
ing, while removable stainless steel 
side doors facilitate integration with 
automatic part loading systems.  The 
high-torque, belt-driven spindle is rated 
at 7.5 kW (10 hp) to cover a wide range 
of sizing and finishing work using 
Sunnen’s MMT TurboHone® multi-
stone mandrels, TC precision mandrels, 
or CGT Krossgrinding tools.

For more information:
Sunnen Products Co.
7910 Manchester Ave. 
St. Louis, MO 63143
Phone: (314) 781-2110
E-mail: bdavis@sunnen.com
Internet: www.sunnen.com

http://www.drakemfg.com
http://www.geartechnology.com
mailto:bdavis@sunnen.com
http://www.sunnen.com
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South Bend, IN • Rockford, IL
www.schafergear.com

574-234-4116

Call us about our NEW S250G Gear Grinding Machine in our South Bend plant.

There’s no such thing
as a gear tooth fairy.
There’s no such thing
as a gear tooth fairy.
There’s no such thing

Inferior gears can take a real bite out of productivity. At Schafer Gear, we know
our reputation depends on the quality of our products. So our investment in the
latest turning, gear cutting, gear grinding and other state-of-the-art equipment is
designed to produce the highest quality gears for our customers. And the quality
of our equipment is matched only by the commitment of our staff and alliance
partners to provide you with the exceptional service you deserve. If your gears
are losing their bite, don’t put them under your pillow and make a wish. Call us.

©2007 Schafer Gear Works, Inc.

M i d w e s t  M o t i o n  P r o d u c t s 
announced the release of a new DC 
Gear Motor, the Model No. MMP-

Midwest Motion
R E L E A S E S  
N E W  G E A R M O T O R

MS Fluid Technologies launched a 
new product line at MetalForm 2007. 
The MSF Cool is a full line of coolants 
designed for use in cutting, grinding, 
tapping, roll forming, tube rolling, and 
other metalworking operations. It is 

MS Fluid 
Technologies
I N T R O D U C E S  
N E W  C O O L A N T

  

TM55-90-12V GPk52-124. 
Accepting any 12-volt DC source, 

including battery power, this gear 
motor measures 2.14" in diameter 
by 7.7" long and has a keyed output 
shaft of 12 mm diameter by 25 mm 
long. Mounting is accomplished with 
four “face mount” M5-threaded holes, 
equally spaced on a 40 mm diameter 

bolt circle. 
The output of this reversible gear-

motor is rated for 124 in-lbs, continu-
ous torque, at 3.2 rpm, and 178 in-lbs 
peak. 

Despite its size and weight of less 
than seven pounds, the gearmotor 
requires just 1.0 Amp at 12 volts DC 
to generate its full-load torque. Motor 
windings for 24, 36 and 90 volts are 
available. 

This design is rated at an IP 54 
protection level for operation in harsh 
environments. Typical options avail-
able from the company include servo 
motors with integral optical encoders, 
failsafe brakes, analog tachometers, 
and planetary gearheads, with stand-
ard ratios ranging from 3:1 to 2653:1, 
and standard or low backlash precision 
gearing available. 

For more information:
Midwest Motion Products Co.
17061 Ahern Ave. S.E.
Watertown, MN 55388
Phone: (952) 955-2626
E-mail: randy@midwestmotion.com
Internet:  www.midwestmotion.com

  P R O D U C T   N E W S                                                                                       P R O D U C T   N E W S
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QUALITY

TECHNOLOGY

PRECISION MANUFACTURING

OPERATIONAL EXPERTISE

The quality and precision of our broaches and gears have won 
customers worldwide (and beyond!) – from the smallest gear-

shop to NASA and the Mars Rover. 

Precision manufacturing, modern equipment, advanced 
technology, and quality control, balanced with talented crafts-

manship, means you get nothing but the very best.

Guaranteed the most rigid shank cutters and the highest quality 
level disk cutters made.Products that perform. Why use Broach 

Masters/Universal Gear? Because your parts matter!

As a complete source for all your tooling and production needs. 
Broach Masters/Universal Gear will supply you with the highest 

quality products and services that you and your customers 
expect. Experience the difference!

P E R F O R M A N C E
Manufacturers of:
Broaches
Spline Broaches
Fine Pitch Gear BroachesFine Pitch Gear Broaches
Form Broaches
Serration
Bearings
Shaper Cutters
Disk Shapers
Shank Shapers
Hex and Square CuttersHex and Square Cutters
Special Form Cutters
Inspection
Master Gears
Go–No Go Gages
Posiloc Arbors
“Quick Spline” Software“Quick Spline” Software

Made in USA

1605 Industrial Drive
Auburn, CA 95603
Phone (530) 885-1939
Fax (530) 885-8157
                  Web: 
www.broachmasters.com

Call 530 885-1939 or visit
www.broachmasters.com

Out of ThisWorldOut of ThisWorldGearGearGearGearOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorld

Tooling

currently being used by several manu-
facturers, including Rassini and Magna 
Power Train. 

According to the company’s press 
release, the improved bio-stability has 
increased fluid life tenfold at Rassini, 
and reduced coolant use by 85 percent. 
In addition, the product eliminated an 
oil mist cloud that had previously hov-
ered in the machining plant.

For more information: 
MS Fluid Technologies
2100 Greenbrier Ln.
Indianapolis, IN 46218
Phone (800) 486-1407
Internet: www.msfluid.com

Timken
E X P A N D S  R O U N D  
B A R  C A P A B I L I T I E S

The Timken Co. announced an 
expansion of its rolled carbon and 
alloy steel round bar capabilities and 

its capability to produce a maximum 
diameter of 15". This is the second 
time this year that Timken expanded its 
size ranges.

The round bar is easier for cus-
tomers to work with as they manu-
facture their own products. Features 
include a consistent diameter along the 
full length of the bar, which can sig-

nificantly improve the cutting of tight 
mult weights vs. other types of product. 
Additionally, the round bars have more 
hot work than cast ingots, allowing 
more flexibility in the size of product 
than is possible with a forger.

Rolled bar is used to produce parts 
for applications such as gears, rolled 

  P R O D U C T   N E W S                                                                                       P R O D U C T   N E W S
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www.sunnen.com • 800-325-3670 • St. Louis, MO I06-1

ML-5000 AUTOMATIC HONING MACHINE

Gear bores demand critical tolerances. Sunnen’s ML-5000 automatic honing machinesGear bores demand critical tolerances. Sunnen’s ML-5000 automatic honing machines
hold bore size tolerances to within 5 microns with virtually any surface finish hold bore size tolerances to within 5 microns with virtually any surface finish 
to meet stringent gear specifications. 

Plus, it is up to 60% faster than previous honing techniques or 
I.D. grinding – perfect for mid-to-high volume production requirements. I.D. grinding – perfect for mid-to-high volume production requirements. 
Greater honing speed, consistency and precision all add up to cost 
savings that can mean payback in just months.

To get your free cost analysis for your gear or other bore sizing application, call 
1-800-325-3670 or visit www.sunnen.com/ML-5000.

5 10 20 30 40 50 60 70 80 90 95 100

http://www.sunnen.com/ML-5000
http://www.sunnen.com
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Rugged, Reliable, Repeatable
...For 75 Years!

•  Applicable to Spur 
 and Helical Gears!

•  Gage the Part 
 at the Machine!

Pitch
Diameter

Major
Diameter

Minor 
Diameter

Internal or External  Spline
Measurement Made Easy!

Still using micrometers 
and pins method?

Comtor Spline Gages make 
pitch diameter measurement 
quick, easy and accurate!

For all your gaging needs,
Comtorgage it! 

®

COMTOR SPLINE GAGES

Comtorgage Corporation
(Since 1928)

Ph: (401) 765-0900   Fax: (401) 765-2846
www.comtorgage.com

Analog Dial or 
Digital Readout

rings, forgings, bearings and valves for 
users in the industrial, energy and bear-
ings markets.

According to the company’s press 
release, Timken is the only domestic 
manufacturer to roll 13", 14" and 15" 
round bars and produce them in lengths 
up to 27', 23' and 20', respectively. In 
addition, the company also announced 
a $60 million expansion to enable it to 
competitively produce small bar steel 
down to 1" in diameter.

For more information:
The Timken Co.
P.O. Box 6929
1100 Cherry Ave. SE
Canton, OH 44706
Phone: (330) 471-3514
E-mail: jeff.dafler@timken.com
Internet: www.timken.com

ZF’s New 
Gearheads 

D E S I G N E D  F O R  
B R O A D  R A N G E  
O F  S E R V O  
A P P L I C A T I O N S

ZF launched a new range of com-
pact WTE (WT Economy) single-
stage, right-angled gearheads for OEM 
designers and maintenance engineers. 

A one-piece aluminum body 
allows four ratios to be housed in the 
same size unit. In addition, universal 
mounting and the ability to fit all ser-

vomotors enables motors to be upgrad-
ed without requiring gearbox replace-
ment. According to ZF’s press release, 
sealed-for-life internal gearing elimi-
nates the need for maintenance. 

By integrating the Gleason hypoid 
tooth design and quality taper roller 
bearings, WTE gearheads offer opera-
tion in high axial and radial load appli-

cations. The body design is machined 
from a single piece of cast aluminum, 
offering high levels of torque from a 
one-piece, lightweight, compact unit 
that lends itself to use in highly dynam-
ic servo applications. The WTE range 
covers four ratios from 5:1 to 15:1 in 
the same sized unit, cutting design 

continued
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time and facilitating maintenance or 
upgrades. 

Units are compatible with the max-
imum number of servo applications in 
industries ranging from packaging to 
assembly. Two shaft options are avail-
able—a solid shaft with input flange/cou-
pling and a choice of output flange mount-
ings. Designed to be mounted in any ori-
entation and to fit almost any motor, the 
input flange and coupling assembly allows 
motors to be replaced with higher-power 
versions or larger frame sizes, without 
replacing the gearhead. 

A coupling-based torque transfer 
assembly also allows for adjustment 
for minimizing machine vibration. By 
shrink fitting the input shaft and gear-
wheel into the unit, fretting and levels 
of backlash are reduced to a minimum.

The range is specified for applica-
tions requiring input speeds up to 5,000 
rpm while creating low noise levels. 
In addition, the WTE gearheads are 
approved for use in Atex Zone II appli-
cations and are sealed for life. 

For more information:
ZF North American Operations
15811 Centennial Dr.
Northville, MI 48167
Phone: (734) 416-6200
Internet: www.zf.com

http://www.geartechnology.com
http://www.zf.com
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Mahr Federal will feature its new 
Pocket Surf PS1 Portable surface finish 
gage at the EASTEC 2007 Exposition. 

Based on the company’s Pocket 
Surf portable surface finish gages, the 
new Pocket Surf PS1 weighs 14 oz. 
and can measure more than 24 surface 
finish parameters with its high-resolu-
tion inductive probe. The PS1 offers a 
host of new features, including memo-
ry, USB connectivity, optional PC soft-
ware, and a large measuring range. 

The unit’s large display provides 
measurement data at a glance and dis-
plays all functions in plain text. The 
most frequently used parameters—Ra 
and Rz—are directly selectable with 
more than 22 others easily accessible 
with scrolling function keys. Cutoff 
lengths are freely selectable and an 
integrated calibration master eliminates 
the need for external calibration. 

A large measuring range of up to 
350 microns allows versatility of appli-
cation, including the ability to meas-
ure rough surfaces. The drive unit can 
be rotated and moved longitudinally; 
and the PS1 can measure upside-down, 

Mahr Federal’s 
New Surface 
Finish Gage
I N C L U D E S  U S B  
I N T E R F A C E

PHONE: 440.895.HOBS (4627)���FAX: 440.331.0516

21135 LORAIN ROAD���FAIRVIEW PARK, OHIO 44126

WWW.GALLENCO.COM

*Stripping & re-coating service also available.

FAST.
PRECISE.
RELIABLE.
EASY TO USE.
Sharp hobs cut faster and truer. That’s a 

fact; but every hour your hobs spend at the 

sharpener, is an hour they’re not producing. 

Index Technologies provides a Fast,

Reliable service that you can count on.

Now with PLC Upgrade by North East Technologies
www.northeast-technologies.com

Precision gearmaking requires precision sharpening. 
Protect your Investment. Prevent Non-Conformance.

continued
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 P R O D U C T   N E W S             

GROUND GEAR 
SPECIALISTS

Ground Gear 
Quality 

At Shaved 
Quality 
t Shaved 
Quality 

At Shaved A
Gear Prices

New Gleason® 245 TWG Gear
Grinder offers fast, accurate 
and economical solutions.

Complementing Niagara‘s full range of 
CNC and electronic gear grinders is the 
Gleason 245 TWG, High Speed Threaded 
Wheel Grinder. This latest technology in 
high speed production grinding will meet 
your most demanding needs on PRICE,
on QUALITY and on TIME.
• Eliminate process related deviations 

and heat treat distortion
• Maintain critical size consistently
• Eliminate undesirable excitations via 

direct drives 
• Affordable hard finishing using 

unthinkable metal removal rates
• Optimize contact and load carrying 

characteristics via algorithmic software

Contact Niagara Gear and put our 
world class, precision gear grinding 

team to work for you today.

1-800-447-2392
Fax: 716-874-9003

e-mail: info@niagaragear.com
www.niagaragear.com 

941 Military Rd, Buffalo, NY 14217

mounted on a surface plate or measur-
ing stand, or even perpendicular to the 
contact surface with an optional end-
face vee-block. 

A wide range of available pick-ups 
adds flexibility. A dual-skid pick-up 
can be used for sheet metal and roll-
er surface measurements; another is 
designed for concave and convex sur-
faces; and still others for measurements 
at such difficult to reach points as deep 
grooves. 

According to Mahr’s press release, 
this is the first instrument of its kind 
to include a USB interface. Therefore, 
the Pocket Surf PS1 can be connect-
ed to a PC for transfer and storage of 
data without requiring installation of 
any additional software or drivers. An 
optional software package is available 
for viewing profiles and results on a 
PC. This functionality makes it pos-
sible to collect large amounts of meas-
urement data with the handheld device 
and transfer this data later to archival 
systems for quality system documenta-
tion requirements.

For more information:
Mahr Federal Inc.
1144 Eddy St.
Providence, RI 02905
Phone: (800) 333-4243, (401) 784-3100
Internet: www.mahr.com

Oil-Rite 

R E D E S I G N S  B R O A D  
V I E W  L E V E L  G A G E

Oil-Rite Corp. redesigned its broad 
view level gage to reduce the number 
of unique components and achieve a 
15% price reduction.

Liquid level gages provide visible 
verification of fluid level in a hold-
ing tank, hydraulic reservoir, or recir-

culating tank. The broad view level 
gage offers a distinct advantage in the 
amount of area in which the liquid is 
visible.

The nylon viewing area is 1.75" 
across in lengths ranging from 3–36".  
The gage is mounted flush to the tank 
and allows an unobstructed view from 
the three visible surfaces. According 
to the company’s press release, it is 
the preferred gage for monitoring liq-
uid levels from a distance, in dark or 
confined spaces, or with clear/colorless 
fluids.

The gage is mounted to a tank 
with two hollow bolts that allow fluid 
to enter the nylon viewing area. The 
upper and lower entry points of the 
tank equalize atmospheric conditions 
within the internal chambers of the 
gage, ensuring that the level of the liq-
uid in the gage is at the exact height of 
the liquid in the tank.

The broad view gage features red 
line tape for increased visibility. High  
viewing area. The gage is designed to 
utilize equivalent top and bottom com-
ponents.  

Interchangeable bolts allow the 
gage to be built with shut-off valves 
(for removal of the gage without emp-
tying the tank) or a dial thermometer 
to monitor fluid temperature. The gage 
can be secured from the front (outside) 
with standard 1/2 x 20" bolts or from 
the back (inside) using a nut to tight-
en the gage and create a seal between 
the gage end blocks and the surface of 
the tank.

For more information: 
Oil-Rite Corp.
325 Clipper Drive 
P.O. Box 1207 
Manitowoc, WI  54221-1207 
Phone:  (920) 682-6173 
E-mail: amleiteritz@oilrite.com 
Internet: www.oilrite.com

mailto:info@niagaragear.com
http://www.niagaragear.com
http://www.mahr.com
http://www.geartechnology.com
mailto:amleiteritz@oilrite.com
http://www.oilrite.com


Inside the Haas 
Side-Mount Tool Changer

Our unique side-mount tool changer’s synchronized
cycloidal motion is controlled by a precision globoidal
cam manufactured in-house on custom 5-axis Haas
machines. This rugged, dependable design features a
special Haas worm-gear drive and an electronically
controlled start/stop system that is free of mechanical
brakes, which often wear out and require replacing.
Every Haas SMTC is manufactured completely in-house
to ensure consistent high quality and guarantee fast,
smooth, reliable operation.

Haas
Simple Innovation #4
Dependable Tool Management

Haas Automat ion,  Inc.  •  Oxnard,  Cal i forn ia  •  USA  |   800-331-6746  |   www.HaasCNC.com
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   Introduction
Tooth Contact Analysis (TCA) and Loaded Tooth 

Contact Analysis (LTCA) are two powerful tools for the 
design and analysis of spiral bevel and hypoid gear drives. 
Typical outputs of TCA and LTCA are the graphs of contact 

Dr. Qi Fan and  Dr. Lowell Wilcox

New Developments in Tooth 
Contact Analysis (TCA) and 
Loaded TCA for Spiral Bevel 

and Hypoid Gear Drives

Management Summary
In the early 1960s, the Tooth Contact Analysis (TCA) technique was introduced for the theoretical analysis of the con-

tact characteristics and running quality of spiral bevel and hypoid gear drives (Ref. 1). Application of the TCA program has 
substantially reduced the lengthy trial-and-error procedure for the design and development of spiral bevel and hypoid gear 
drives. 

In the late 1970s, the tooth contact analysis under loaded conditions, the Loaded TCA (LTCA), was developed (Ref. 
2). The Loaded Tooth Contact Analysis (LTCA) program provides a more realistic picture of tooth contact characteris-Loaded Tooth Contact Analysis (LTCA) program provides a more realistic picture of tooth contact characteris-Loaded Tooth Contact Analysis
tics because tooth deformation and shaft deflection due to loading are taken into account for determination of the actual 
geometry of contacting tooth surfaces. 

Both techniques have been accepted and applied throughout the bevel gear industry and have become powerful tools 
for the design and manufacturing of high quality spiral bevel and hypoid gears. 

In the TCA computation, the gear and pinion tooth surface geometries are mathematically represented by the machine 
settings and cutter specifications. The existing TCA algorithms and programs were developed specifically corresponding 
to each method of tooth surface generation process and type of bevel gear drives. The application of modern CNC bevel 
gear generators has provided more motion freedoms for bevel gear generations. Traditional generating methods such as 
modified roll and helical motion can be considered as special cases of the possible motions of the CNC 6-axis generators. 
An advanced tooth surface modification approach has been developed by using the Universal Motion Concept (UMC) 
(Ref. 3). The UMC technique can be applied for a sophisticated modification of spiral bevel and hypoid gear tooth sur-
faces. 

In order to satisfy the need for accurate modeling and analysis of the advanced design and modification of spiral bevel 
and hypoid gears, a new generalized tooth surface generation algorithm and a TCA approach are developed. This paper 
comprehensively describes these developments as applied to spiral bevel and hypoid gears produced by both the face-
milling and face-hobbing processes.

LTCA was first developed assuming that the contact tooth surfaces are subject to Hertzian deformation, and approxi-
mating tooth stiffness by a cantilever beam model with modifications to improve deflection calculations at the ends of the 
teeth. With the advances in computational and memory capacities of modern computers, the finite element analysis (FEA) 
has been applied to gear tooth strength evaluations. A special FEA software package called T900 was developed for the T900 was developed for the T900
strength analysis of spiral bevel and hypoid gears (Ref. 4). T900 provides an integrated environment with automatic pre-T900 provides an integrated environment with automatic pre-T900
processor, post-processor, and graphic visualization of the FEA results, including the behavior of the contact under load, 
contact stress and bending stress. 

Based on the improved FEA models and algorithms, a new LTCA program was developed as a subset of T900. LTCA 
provides the gear designers with detailed information on how the tooth contact pattern and transmission errors behave as 
a function of torque input, initial contact position and mounting deflections. The LTCA model uses TCA-generated tooth 
surface and fillet coordinates to define the gear and pinion geometry and to identify the instant contact positions. The non-
linear growth and movement of the area of contact common to the gear and pinion teeth are predicted by the use of spe-
cialized gap elements, the applied torque and axle stiffness input data. Multi-tooth finite element models are developed 
and applied for both the pinion and the gear.

This article is printed with permission of the copyright holder The American Gear Manufacturers Association. State-
ments presented in  this paper are those of the author and may not represent the position or opinion of the American Gear 
Manufacturers Association.

patterns and transmission errors. TCA and LTCA respective-
ly simulate gear meshing contact characteristics under light 
load and under significant load.  TCA and LTCA programs 
have been widely employed by gear engineers and research-
ers in their design of high strength and low noise spiral bevel 

http://www.geartechnology.com
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Figure 1—Face milling vs. face hobbing.

and hypoid gear drives.
Application of modern CNC hypoid gear generators has 

introduced new concepts in design and generation of spi-
ral bevel and hypoid gears with modifications. This article 
presents new developments in TCA and LTCA of spiral 
bevel and hypoid gears. The first part of this article describes 
a new universal tooth surface generation model, which is 
developed with consideration of the universal motion capa-
bilities of CNC bevel gear generators. The new universal 
model is based on the kinematical modeling of the basic 
machine settings and motions of a virtual bevel gear genera-
tor, which simulates the cradle-style mechanical hypoid gear 
generators and integrates both face milling and face hob-
bing processes. The tool geometry is generally represented 
by four sections, blade tip, Toprem, profile, and Flankrem. 
Mathematical descriptions of gear tooth surfaces are repre-
sented by a series of coordinate transformations in terms of 
surface point position vector, unit normal, and unit tangent. 
Accordingly, a new generalized TCA algorithm and program 
are developed. 

In the second part of this paper, the development of a 
finite element analysis (FEA) based LTCA is presented. The 
LTCA contact model is formulated using TCA generated 
tooth surface and fillet geometries. The FEA models accom-
modate multiple pairs of meshing teeth to consider a realistic 
load distribution among the adjacent teeth. An improved 
flexibility matrix algorithm is formulated, in which the non-
linear formation of the area of contact common to the gear 
and pinion teeth is predicted by introducing specialized gap 
elements with considerations of deflection and deformation 
due to tooth bending, shearing, local Hertzian contact, and 
axle stiffness.  

The advanced TCA and LTCA programs are integrated 
into Gleason CAGE™ for Windows software package. Two 
numerical examples, a face-hobbing design and a face mill-
ing design, are illustrated to verify the developed mathemati-
cal models and programs.

Face Milling and Face Hobbing
There are two methods for manufacturing spiral bevel 

and hypoid gears—face milling and face hobbing—both 
of which are widely employed by the gear manufacturing 
industry and can be implemented on modern CNC bevel gear 
generators (Refs. 5, 6). However, the kinematical differences 
between the two methods are still not clear to some gear 
engineers and researchers. 

The major differences between the face milling process 
and the face hobbing process are: 

(1) In the face hobbing process, a timed continuous 
indexing is provided, while in face milling, the indexing 
is intermittently provided after cutting each tooth side or 
slot, which is also called single indexing (Fig. 1). Similar to 
face milling, in face hobbing, the pinion is cut with generat-
ing method, while the gear can be cut with either generat-
ing method or non-generating (FORMATE) method. The 
FORMATE method offers higher productivity than the 
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Gear Research Center at the Mechanical and Industrial 
Engineering Department at the University of Illinois at 
Chicago. He was associate professor from 1987–1998 at 
Wuhan University of Technology, China. Fan has authored 
more than 20 papers on bevel gear research.

The late Dr. Lowell E. Wilcox worked at the Boeing 
Vertol Division in Philadelphia, PA in the Rotor Loads 
and Methodology  Group where he was a senior engi-
neer responsible for numerical modeling of helicopter 
rotor loads and dynamics. Since leaving The Boeing 
Company, he worked at The Gleason Works in Rochester, 
NY for 32 years where he was senior research staff engi-
neer responsible for analyzing the performance of new 
gear cutting and grinding machines. Wilcox developed 
comprehensive commercial software system named 
T900 for the strength analysis of bevel gears, which has 
been broadly used by many bevel gear engineers and 
researchers. In addition he was an adjunct professor 
from 1983 until 1988 at Rochester Institute of Technology 
teaching strength of materials and introduction to the 
finite element method. He died January 11, 2005.
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generating method because the generating roll is not applied. 
However, the generating method offers more freedom in 
controlling the tooth surface geometries.

(2) The lengthwise tooth curve of face-milled bevel gears 
is a circular arc with a curvature radius equal to the radius of 
the cutter, while the lengthwise tooth curve of face-hobbed 
gears is an extended epicycloid that is kinematically gener-
ated during the relative indexing motion.

(3) Face hobbing gear designs use uniform tooth depth 
systems while face milling gear designs may use either uni-
form depth or various tapered tooth depth systems.

Theoretically, the bevel gear cutting process is based on 
the generalized concept of bevel gear generation in which 
the mating gear and the pinion can be considered respective-
ly generated by the complementary virtual generating gears. 
Figure 2 shows a configuration of a bevel pinion generation, 
which consists of a virtual generating gear, a cutter head with 
blades, and the workpiece (the pinion). The rotational motion 
of the virtual generating gear is implemented by the cradle 
mechanism of a bevel gear generator. Generally, the tooth 
surfaces of the generating gears are kinematically formed by 
the traces of the cutting edges of the blades.  In practice, in 
order to introduce mismatch of the generated tooth surfaces, 
modification is applied on the generating gear tooth surface 
and on the generating motion. 

In the spiral bevel and hypoid gear generation process, 
two sets of related motions are generally defined. The first 
set of related motion is the rotation of the tool (cutter head) 
and rotation of the workpiece, namely,

(1)

Here, tω  and wω  denote the angular velocities of the 
tool and the workpiece; tN  and wN  denote the number of 
the blade groups and the number of teeth of the workpiece, 
respectively. This related motion provides the continuous 
indexing between the tool and the work for the face hobbing 
process. The indexing relationship also exists between the 
rotation of the tool and the generating gear as,

(2)

where cω  and cN  denote the angular velocity and the 
number of teeth of the generating gear, respectively. In the 
face hobbing process, the indexing motion between the 
tool and the generating gear kinematically forms the tooth 
surface of the generating gear with an extended-epicycloid 
lengthwise tooth curve. 

However, Equations 1 and 2 are not applicable for the 
face milling process where the cutter rotates independently 
at its selected cutting speed and forms a surface of revolution 
for the generating gear teeth with a circular lengthwise curve 
as shown in Fig. 1a.  

The second set of related motions is the rotation of the 
generating gear and rotation of the workpiece. Such a related 
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Figure 3— Phoenix® II 275HC hypoid gear generator.

Figure 4—Kinematical model of a hypoid gear generator.
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Figure 2—Generalized bevel gear generation configuration.
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motion is called rolling or generating motion and is repre-
sented as

(3)

where aR  is called the ratio of roll.  The generating 
motion is provided for both face milling and face hobbing 
processes when the gear or pinion is cut in the generating 
method. In the non-generating (FORMATE) process, which 
is usually applied to the gear, both the generating gear and 
the workpiece are held at rest, and only the cutter rotation is 
provided. Therefore, the gear tooth surfaces are actually the 
complementary copy of the generating tooth surfaces, which 
are formed by the cutter motion described above.

Generalized Spiral Bevel and Hypoid Gear Tooth 
Surface Generation Model

Both face milling and face hobbing processes can be 
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implemented on the CNC hypoid gear generating machines. 
Figure 3 shows a Phoenix® II 275HC Hypoid Gear 
Generator. A new kinematical model of tooth surface gen-
eration is developed, based on the traditional cradle-style 
mechanical machine. The purpose of developing this model 
is to virtually represent each machine tool setting element 
as an individual motion unit and to implement a given func-
tion of motion.  These virtual motions can be realized by the 
CNC hypoid gear generator through the computer translation 
codes on the machine. The six axes of the CNC hypoid gear 
generator move together in a numerically controlled relation-
ship with changes in displacements, velocities, and accelera-
tions to implement the prescribed motions and produce the 
target tooth surface geometry.

The generalized tooth surface generation model consists 
of the eleven motion elements shown in Figure 4. The cradle 
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represents the generating gear, which provides generating 
roll motion between the generating gear and the generated 
workpiece. In the non-generating process, the cradle is held 
stationary. Basically, these motion elements represent the 
machine tool settings in a dynamic manner in terms of the 
cradle rotation parameter.

The generalized machine settings are: (1) ratio of roll aR ; 
(2) sliding base bX ; (3) radial setting s ; (4) offset mE ; (5) 
work head setting pX ; (6) root angle mγ ; (7) swivel j ; and 
(8) tool tilt i . The Universal Motion Concept (UMC) repre-
sents these machine settings in higher-order polynomials and 
provides strong flexibility of generating comprehensively 
crowned tooth surfaces (Ref. 3). The UMC is the extension 
of traditional modified roll, helical motion, and vertical 
motion to all machine settings.

The motion elements of the kinematical model in Figure 
4 are analytically isolated relative to each other (Fig. 5). A 
sequence of coordinate systems is associated with the model 
to transform the relative motions of the elements. Coordinate 
system mS , called machine coordinate system, is fixed to 
the machine frame and considered as the reference of the 
related motions. System mS  defines the machine plane and 
the machine center. The sequence of the applied coordinate 
systems is wS , oS ,  pS ,  rS , sS , mS , cS ,  eS , jS ,  and 

iS ,  which defines the position vector, unit tangent, and unit 
normal at a point on the work tooth surface in two-parameter 
forms as

(4)

(5)

(6)

“here subscript w” denotes that the vectors are repre-
sented in the work coordinate system wS . This generalized 
formulation of the generating process accommodates both 
face milling and face hobbing processes with both generat-
ing and long-generating cutting methods. 

In addition, a generalized representation of the blade 
geometry is also developed (Fig. 6). The tool geometry is 
defined by the parameters of the blade sharpening and instal-
lation in the cutter head, which are nominal blade pressure 
angle, blade offset angle, rake angle, and effective hook 
angle. The blades are generally considered consisting of four 
segments—(a), (b), (c), (d)—corresponding to the blade tip, 
Toprem, profile, and Flankrem.

An example of the pinion and gear tooth surfaces of a hyp-
oid gear drive is generated by using the developed mathematical 
models and is illustrated in Figure 7.  The tooth surface genera-
tion algorithm is fundamental to the tooth contact analysis and 
automatic generation of finite element discrete models.

Advanced Tooth Contact Analysis (TCA)
Tooth Contact Analysis (TCA) is a computational 

approach for analyzing the nature and quality of the meshing 
contact in a pair of gears. The concept of TCA was originally 
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Figure 6—Basic geometry of blades. (a) Pinion tooth surfaces. (b) Gear 
tooth surfaces.

Figure 7—Pinion and gear tooth surfaces of a hypoid gear drive.
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Figure 8—Tooth surface contact.
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introduced in early 1960s as a research tool, and applied to 
spiral bevel and hypoid gears (Refs. 1, 7). Application of 
TCA technology has resulted in significant improvement 
in the development of bevel gear pairs, under given contact 
conditions.

Based on the new tooth surface generation model dis-
cussed above, an advanced TCA program is developed. The 
new TCA algorithm is based on the following mathematical 
formulations, namely,

(7)

(8)

Geometrically, vector ][][ i
f

i
f tn ×  and ][i

ft  (i=1, 2) are two 
orthogonal vectors that lie in the tangent planes of the pin-
ion tooth surface 1Σ  (i=1) and gear tooth surface 2Σ  (i=2). 
When the two surfaces contact at point P, the tangent planes 
coincide and become a common tangent plane (Fig. 8). 
Considering the equations of meshing, Equations 7 or 8 gen-
erally yield five independent equations, and can be solved if 
the related Jacobian differs from zero (Ref. 8). Consequently, 
a series of contact points and the corresponding transmission 
errors can be obtained, which formulate the TCA output as 
the bearing contact patterns and the graph of transmission 
errors. The transmission error (TE) is defined as

(9)

Where φ10 and φ20 are the initial angular displacement of 
the pinion and the gear when the tooth surfaces are in con-
tact at the initial conjugate contact position where the TE = TE = TE
0; 1N  and 2N  are the tooth numbers of the pinion and the 
gear,  respectively.

Simulation of changes of the assembly errors and mis-
alignments caused by the deflection of the gear shafts are 
taken into account. For this purpose, the adjusting param-
eters, gear head offset change E∆E∆E , gear axial change, ∆G
pinion axial change P∆P∆P , and shaft angle change are ∆∑

incorporated into the TCA model (Fig. 9). The output of a 
TCA program is the scaled graphs of transmission errors and 
tooth-bearing contact patterns that predict the results from a 
bevel gear testing machine. The program incorporates tooth 
Toprem, Flankrem, and edge contact on the whole tooth sur-Toprem, Flankrem, and edge contact on the whole tooth sur-
face, including those surface parts that are generated by the 
blade Toprem and Flankrem.   

Conventionally, there are two cases of bearing contact 
patterns that are identified as “single meshing pattern” and 
“multiple meshing pattern.”  In the multiple meshing pat-

� ���� ����  �� ���
��

��
��

terns, the adjacent pairs of meshing teeth are considered 
simultaneously. And, the path of contact reflects one pitch 
meshing because the following pairs of teeth take over the 
meshing process. In single meshing pattern, only one pair 
of teeth meshing is investigated and the adjacent meshing 
is ignored. In this case, the contact pattern covers the larger 
area of the tooth surface. Meanwhile, tooth tip edge contact 
or Toprem contact might be observed in the single mesh-
ing case because no neighboring teeth interrupt the meshing 
process. 

In practice, when the surface separation of the mating 
gears is small, or the two mating surfaces are close to conju-
gate, a large contact pattern might be observed from the test-
ing machine, which may correspond to the single meshing 
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contact pattern of TCA.  When the tooth surface separation 
is considerable, or the magnitude of tooth surface crowning 
is significant, the multiple meshing contact patterns might be 
obtained from the testing machine.  

The developed program is able to simulate both the 
single meshing and the multiple meshing of a gear set pair. 
TCA results for the mean, toe, and heel positions are pro-
vided, which is the Gleason convention of TCA outputs. The 
adjusting parameters E∆E∆E  and P∆P∆P  are computed in order to 
achieve the given bearing contact pattern positions.

The TCA program is able to simulate the ‘zero’ assem-
bling conditions under which all the adjusting parameters are 
equal to zero. The developed TCA program accommodates 
all kinds of modified and corrected tooth surfaces, generated 
by both face milling and face hobbing processes. The tip 
edge contact and the Toprem contact can be simulated. 

Edge contact results in unexpected early failure of a gear 
drive because of highly concentrated contact stress gener-
ated between the tip of one member and the root flank of 
the other. Edge contact should be avoided by increasing the 
magnitude of the tooth surface crowning. The program offers 
the ability for the users to simulate meshing contact under 
user-defined misalignments, or user-defined, initial conju-
gate contact positions.

Development of FEA-Based Loaded Tooth 
Contact Analysis (LTCA)

Loaded TCA provides a realistic picture of tooth contact 
behavior under given loads (applied torques) and axle deflec-
tions. The advanced development of LTCA is based upon 
following ideas and considerations:

(1) Tooth surface geometry is exactly defined and the 
TCA is executed. The TCA results provide bench contact 
pattern and the motion graph from which instant contact 
positions, and the number of adjacent meshing tooth pairs, 
can be identified.  For example, Figure 10 shows the posi-
tions of contact lines respectively on three pairs of contact 
teeth at a given pinion rotation angle pΦ .

(2) Loaded contact is assumed along the conjugate line of 
tooth contact, which is close to the major axis of the contact 
ellipse (Fig.11). Therefore, the conjugate contact lines on the 
gear and pinion tooth surfaces are generated and represented 
by discrete points, which are the potential candidate contact 
points under load. 

(3) The governing equations are derived by using the 
general concept of flexibility matrix approach, namely,

(10)

(11)

where C is the combined compliance matrix which 
reflects the compliances of  the gear, pinion and housing;   f
is the vector of normal load distribution along the line of 
contact; d is the displacement vector representing the gaps d is the displacement vector representing the gaps d
between the corresponding contact nodes of the gear and the 
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Figure 11—Conjugate lines and contact points on the gear tooth 
surface. 

Figure 12— FEA model of the gear.
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Figure 13— FEA model of the pinion.
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Figure 14—Interpolation scheme.

Table 1—Data of Design A and B.
Design A: 
Face Hobbing 
(Hypoid) 
(FORMATE Gear)

Design B: 
Face Milling 
(Hypoid) 
(Generated Gear) 

Pinion 
(Left 
Hand)

Gear 
(Right 
Hand)

Pinion 
(Right 
Hand)

Gear 
(Left 
Hand)

Number 
of teeth

11 39 17 27

Diametral Pitch 5.015 4.480

Face Width 1.611" 1.325" 1.575" 1.575"

Pinion Offset 1.5" 0.394"

Shaft Angle 90° 90°

Outer Cone 
Distance

3.821" 4.390" 3.648"
3.744"

Mean Cone 
Distance

2.965" 3.681" 2.851" 2.964"

Outside 
Diameter

3.737" 7.825" 4.674" 6.214"

Cutter Radius 3.465" 2.500"

pinion under a given torque;  r is the position vector of con-r is the position vector of con-r
tacting points; and T is the applied torque vector.T is the applied torque vector.T

(4)  The compliance matrix C consists of two major 
parts, (i) simulated stiffness of axle housing by parameters 
∆E, ∆P, ∆G, and ∆a in proportion to the applied torque and 
(ii) the gear and  pinion compliances determined by FEA pro-
cess, in which a special gap element is formulated by adding 
the Weber’s components of deflection (Ref. 4). Application of 
the special gap elements allows including the deflection and 
deformation due to not only bending and shearing, but also 
the local Hertzian contact. Parameters E∆E∆E , P∆P∆P , G∆  , and α∆
are defined as the relative axle deflections of the pinion, with 
respect to the gear. They are normally derived from experi-
mental measurements of axle deflections under controlled 
conditions, and they can also be estimated through FEA cal-
culation. 

(5) The FEA meshing models with multiple teeth are 
automatically generated, using the exact tooth surface gener-
ating model for the spiral bevel and hypoid gears generated 
on both mechanical and CNC machines. The multiple-tooth 
models allow simulating load sharing among several adja-
cent pairs of teeth. Figures 12 and 13 show the gear and pin-
ion FEA models with the emphasized nodes representing the 
boundary constraints.

(6) The total number of elements in the models can be 
chosen by the designer through the input interface by select-
ing the element numbers in tooth thickness, profile, and 
lengthwise directions. This feature provides flexibility for 
the program running on computers with different CPU levels 
to balance the running time and accuracy. The input torque 
can be applied through either pinion or gear.

(7) The displacement field of the FEA meshing nodes 
on the tooth surface is determined by applying a unit load 
on each surface node. By using this displacement field, a 
higher-order polynomial interpolation scheme is used to 
determine the primary and secondary deflections of loaded 
contact points, which are normally not coincident with the 
FEA meshing nodes on the tooth surface (Fig. 14).  

(8) Solving the governing equations needs an iteration 
process in which the kinematical approach k can be assumed, 
and eventually determined together with the load distribution 
and gap vectors. As an LTCA result, the loaded transmission 
error and contact pattern identified by the gaps at each con-
tact position can be determined. The kinematical approach k 
represents the loaded transmission errors.

(9) Two values of torque need to be specified in LTCA.  
The first value of torque is the full-load torque applied to the 
gear or pinion, corresponding to the torque used in evaluat-
ing the strength performance of the gear design.  The second 
value of torque corresponds to the torque used in the deflec-
tion tests that were conducted to determine ∆E, ∆P, ∆G, and 
∆α .  In general, the two values of torque may not be the 
same.  The torque can be gradually applied as the percentage 
of the full torque. As torque is applied to a gear set, the area 
of contact between the gear and pinion teeth changes as the 
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Figure 15— Single meshing (Design A)—mean contact.

Figure 16—Multiple meshing (Design A)—mean contact.

Figure 17—Multiple meshing (Design A)—toe contact.

tooth surfaces deform and the gear housing deflects. These 
changes are usually observed as a growth in the contact pat-
tern area, along with a movement of the contact area. The 
number of the steps for applying the torque can be selected. 
In order to visualize the change in contact, all the LTCA 
results are illustrated as a function of each applied torque. 

(10) Parameters V, V, V H, G and Σ  illustrated in Figure 9 
have the same geometric definition corresponding to E, P, G
and α, except that they represent the adjustment of the posi-
tion of the initial bench-contact pattern.  

Numerical Examples
The advanced TCA and LTCA programs have been 

integrated into the CAGE™ for Windows system, which is 
a released software tool for design and analysis of spiral 
bevel and hypoid gears. The TCA and LTCA results of two 
numerical examples, a face hobbing and a face milling, are 
illustrated below. Table 1 shows the dimension data of the 
two designs (Design A and B) which are a non-generated 
(FORMATE) hypoid gear drive (Design A) produced by 
the face hobbing process and a generated spiral bevel gear 
drive (Design B) produced by the face milling process. In 
Design A, the pinion has left-hand spiral angle. In Design B, 
the pinion has right-hand spiral angle. Figure 15 shows the 
single meshing TCA results of Design A at the mean contact 
position. Figures 16, 17 and 18 show the multiple meshing 
TCA results of Design A, respectively, at mean, toe and heel 
contact positions. Figure 19 illustrates the LTCA result of 
Design A for the drive side. In the LTCA program, the drive 
side and the coast side are calculated by separate executions 
of the program.  Figures 20 and 21 demonstrate the TCA and 
LTCA result of Design B for the mean contact position. The 
mean contact position for this design is positioned close to 
the toe. The TCA and LTCA program can simulate the mis-
alignments and assembly adjustment.

Conclusion
This paper presents the new developments in TCA and 

LTCA. A generalized kinematical model for generation of 
spiral bevel and hypoid gear tooth surfaces is developed. The 
mathematical model is directly associated with the physi-
cal machine setting and motion elements of a bevel gear 
generator, which is the basis of computerized modeling and 
simulation of spiral bevel and hypoid gear drives, and can be 
applied to both face milling and face hobbing processes with 
both non-generated and generated methods. An improved 
TCA algorithm is proposed.  The geometric models are 
exactly generated with consideration of various tooth sur-
face modifications. A special gap element is formulated to 
include the deflections due to tooth bending, shearing and 
local Hertzian contact. The axle deflection is also simulated.  
Advanced TCA and LTCA programs are developed based 
on the improved TCA algorithm and formulation of the gear 
tooth contact solutions. The outputs of the TCA and LTCA 
programs are transmission errors and contact patterns. These 
two program modules are integrated into Gleason CAGE™ 
for Windows software package applied to design and analysis 

http://www.geartechnology.com


of spiral bevel and hypoid gears. Two numerical examples 
are illustrated with TCA and LTCA results. 
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Figure 21—LTCA output of Design B—drive side.

Figure 20— TCA output of Design B—mean contact.
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Figure 19—LTCA output of Design A—drive side.

Figure 18— Multiple meshing (Design A)—heel contact.
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Figure 1—Tiltrotor aircraft.

Introduction and Background
Current and future high-speed, 

heavily loaded, and lightweight gearing 
components will be a part of all pro-
pulsion systems for rotorcraft. These 
systems are expected to deliver high 
power from the gas turbine engines to 
the high-torque/low-speed rotor with 
reduction ratios in the range of 25:1 to 
100:1 (Refs. 1–14). Gearing systems 
in these extreme-duty applications can 
also have thermal behavior issues due 
to the high pitch-line velocities. While 
design considerations for gear tooth 
bending and contact capacities are usu-
ally considered initially, high-speed 
gearing design needs to carefully con-
sider the consequences of pitch-line 
velocities approaching 25,000 ft/min. 
In prior studies, the thermal behavior 
characteristics of mechanical compo-
nents have been the least understood 
and have received a minimum amount 
of attention in the open literature (Refs. 
15–19).

In rotorcraft drive systems, such 
as those of tiltrotors (Fig. 1), a helical 
gear train is used to connect the paral-
lel engine and mast shafting on the air-
craft. Therefore, the drive system is not 
only needed to provide the necessary 
reduction between the engine and rotor, 
but also has to make the system oper-
ate in emergency conditions (Refs. 20 
and 21) such as one engine inoperative 

Operational Influence on 
Thermal Behavior of 

High-Speed Helical Gear Trains
Robert F. Handschuh and Charles J. Kilmain

Management Summary
An experimental effort has been conducted on an aerospace-quality helical gear train to investigate the 

thermal behavior of the gear system as many important operational conditions were varied. Drive system 
performance measurements were made at varying speeds and loads (to 5,000 hp and 15,000 rpm). Also, an 
analytical effort was undertaken for comparison to the measured results. The influence of the various loss 
mechanisms from the analysis for this high-speed helical gearbox will be presented and compared to the 
experimental results.

Figure 2—Typical tiltrotor aircraft propulsion system arrangement.
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and oil out conditions. The propulsion 
configuration for a tiltrotor aircraft is 
shown in Figure 2 (Ref. 22). 

For the drive system components 
of interest in this study, the gearing 
between the parallel axes of rotation 
of the engine and mast is composed of 
a series of helical gears (or gear train). 
In this arrangement, the idler gears 
receive two thermal cycles per revolu-
tion. Since these gears are extremely 
light-weight (low heat-carrying capac-
ity), the successful operation of the 
system in all possible normal and emer-
gency conditions can be difficult. Other 
recent publications have looked at sev-
eral topics of interest with respect to 
this high-speed gear train (Refs. 23 and 
24). Effects of speed, load, shrouds 
and lubrication flow rate have been 
studied. The most drastic performance 
effect caused by any of the conditions 
that can be imposed is that caused by 
increased pitch-line velocity of the sys-
tem. The resultant gear windage from 
the high-speed components can pro-
duce a dramatic increase in power loss.

The objective of this paper is to 
present the effects of speed and load on 
the operating performance (power loss) 
of the helical gear train. A high-speed 
helical drive train facility that utilizes 
full-scale, aerospace-quality compo-
nents was used to generate the data 
presented in this study. The system 
can operate to 15,000 rpm (to simulate 
the engine input rotational speed) and 
at power levels to 5,000 hp. Also, an 
analysis of the gearing, bearing, and 
windage losses was conducted. The 
experimentally measured efficiency is 
compared to that attained via analysis 
methods.

Experimental Setup
Test Facility. A schenatic of rhe 

test facility used for this study is shown 
in Figure 3 (Ref. 23). The facility is a 
closed-loop, torque-regenerative test-
ing system. A test gearbox and slave 
gearbox are basically mirror images 
of each other. Each gearbox has an 
input gear, three idlers, and one bull 
gear. The gearboxes are joined together 
through the input gears and bull gears 
via shafting.

The facility is powered by a 500 hp 
DC drive motor, and its output speed 
is increased using a speed-increas-
ing gearbox. The output of the speed-
increasing gearbox then passes through 
a torque and speed sensor before con-
necting to the slave gearbox. A diagram 
of the entire test stand configuration is 
shown in Figure 4.

Each gearbox has separate supply 
pumps, scavenge pumps, and reser-
voirs. Lubrication system flow rate is 
controlled using the supply pressure. 
Temperature is controlled via immer-
sion heaters in the reservoir and heat 
exchangers that cool the lubricant 
returned from the gearboxes. Each 
lubrication system has a very fine 3-
micron filtration. Nominal jet pressure 
into the test or slave gearboxes is at 80 

Figure 3—NASA High-Speed Helical Gear Train Test Facility.

Figure 4—Layout of NASA High-Speed Helical Gear Train Test Facility.

psi. The lubricant used in the tests to 
be described was a synthetic turbine 
engine lubricant (DoD–PRF–85734).

T e s t  I n s t r u m e n t a t i o n / D a t a 
Acquisition. The test instrumenta-
tion used in this study only required 
measurement of the oil inlet and exit 
temperatures from the test gearbox, 
the loop torque (measured via a strain 
gaged shaft and telemetry), the lubri-
cant supply pressure, and the test gear-
box’s outside case temperature. This 
data was collected at two-second inter-
vals throughout the test and averaged 
over a 30-second period at steady-state 
conditions.

Test Hardware. The test hardware 
used in the tests to be described is aero-
space quality hardware. The basic gear 
design information is contained in Table 
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test gearbox, there are a total of five 
gears and four gear meshes. All the 
gear meshing and bearing power losses 
were found for a total of six conditions. 
The conditions were at two input shaft 
speeds—12,500 and 15,000 rpm—and 
at three levels of applied loop torque—
33, 67, and 100 percent of full load.

Each mesh was analyzed using the 
method of Anderson and Lowenthal 
(Ref. 25) for the gear sliding and rolling 
losses. This gear meshing analysis can 
only analyze spur gears. Therefore, the 
gear train components were assumed to 
be spur gears with the same diametral 
pitch and face width as the test hard-
ware. Since the gears have only a 12° 
helix angle, this effect was assumed to 
be negligible.

The gear meshing losses are found 
along the line of action and numerically 
integrated. The gear sliding losses use 
a position-varying friction coefficient 
based on the gear tooth sliding/rolling 
velocity, lubricant inlet temperature, 
and the load being applied. The sliding 
losses are calculated by the following 
equation:

(1)

where:
C

1
  Constant

V
Sliding

  Sliding velocity
f  Friction coefficient
W  Applied load
x  Position along the line of action

The rolling power losses are given by:

(2)

where:

C2   Constant
V

Rolling
     Rolling velocity

h   Lubricant film thickness
φ

t
  Lubricant film thickness 

 thermal reduction factor

The gear windage is based on 
the method contained in the work of 
Dawson (Ref. 26). In this model, the 
effects of gear size, shrouding, rotation-
al speed and environment can be treat-
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Figure 5—NASA high-speed helical gear train test facility components.

1. The input and bull gear shafts have 
ball bearings to contain the resultant 
thrust loads, whereas the idler gears only 
have roller bearings. The partially disas-
sembled test gearbox is shown in Figure 
5. The bearing inner race is integral to 
the shafts on the idler gears and at other 
radially loaded bearings on the input and 
bull gear shafts. Shrouds for the gears 
used to minimize the windage losses are 

TABLE 1—BASIC DESIGN DATA FOR GEARS IN 
HIGH-SPEED HELICAL GEAR TRAIN TEST FACILITY 

Number of teeth, Input and 2nd Idler/1st and 3rd Idler/Bull Gear  

Module (mm), (Diametral Pitch (1/in)) 

Face Width, mm (in)  

Helix Angle, deg. 

Gear Material  

50/51/139

3.033 (8.375) 

67.2 (2.625)

12

Pyrowear EX-53 

( ) ( ) ( )WxfxVCxPSliding 1� Sliding (x)

Figure 6—Photographs of shrouding on the test gearbox. Left: entire gearbox. Right: close-up of 
the input-1st idler gear shrouds.

xhxVCP tRollingRolling �= 2 ( ) ( ) �( )

shown in Figure 6.
Test Operation. For a given set 

of conditions—speed, load, lubricant 
pressure, and lubricant oil inlet tem-
perature—the facility was operated for 
at least five minutes, or until the tem-
peratures of interest had stabilized.

Analytical Method
An analysis of the losses of the test 

gearbox will now be described. In the 
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ed. This portion of the gearing losses is 
given by the following equation:

(3)

where:
C

3
  Constant

C'  Shape factor, related to the  
 number of teeth, face width to  
 diameter ratio of the gear
ρ Density of environment (air  
 and lubricant)
N  Gear rotational speed
D  Gear diameter
v Kinematic viscosity (air and  
 lubricant)
λ Enclosure factor, 0.5 for tight  
 fitting housing

As an example of the lubricant/air 
effect on the windage of the helical 
gear train discussed in this paper, the 
method of Anderson and Lowenthal 
(Ref. 25) is used, and the results are 
shown in Figure 7. In the calculation, 
lubricant/air percentages are varied. 
Assuming just air in the gearbox pro-
duces very low windage losses. By 
increasing the lubricant/air percentage 
to just 1 percent lubricant and 99 per-
cent air results in a 20x increase in 
windage losses.

The bearing losses were found 
using the method in Reference 27. The 
friction torque necessary to rotate the 
bearings under the assumed power and 
speed conditions was calculated. The 
calculation is based on the type of bear-
ing, bearing size, applied load and rota-
tional speed. The power loss from the 
bearings is given by the following:

(4)

where the friction torque due to the 
applied load is given by:

(5)

f
1
 Factor dependent on bearing  

 design and relative bearing load
Fβ Dependent on magnitude and  
 direction of the applied load
d

m
 pitch diameter of the bearing

and where the viscous friction torque is 

www.geartechnology.com     May 2007     GEARTECHNOLOGY   41

given by:

  (6)

or

(7)

C4, C5, C6  Constants
f
o
 Parameter dependent on bear 

 ing type and lubrication method
v

o
 Kinematic viscosity of the   

 lubricant
n Bearing rpm

The seals on the test rig are only at 
the input and bull gear shaft locations. 
The input shaft has a labyrinth seal, 
and the bull gear uses a carbon face 
seal. The losses from the sealing sys-
tem were found to be negligible for this 
system for the conditions under study 
in this paper.

Summary of Losses via Analysis
A summary of the analytical results 

for the gear system under study are 
presented in Table 2. As mentioned 
earlier, six conditions were analyzed. 
A breakdown of the loss mechanisms is 
also shown in Figure 8 for the 15,000 
rpm input shaft speed with the load 
varying between 33 and 100 percent. 
The windage losses were assumed to 
have a lubricant/air mixture of 0.75 and 

( )ii vlBearing MMCP +=� 4

j

i=1

Figure 7—Effect of lubricant-air mixture on windage of high-speed helical gear train.

�= 15.07.485.2'3 vDNCCPWindage

99.25 percent, respectively. The pre-
dicted efficiency ranged from 95.81 to 
98.29 percent, depending on the condi-
tions applied.

Measured Losses
The losses from the test facility are 

a combination of the heat transferred 
to the lubricant and surroundings via 
convection. These loss mechanisms 
are overcome by the power supplied to 
the test facility. For the conditions of 
interest (approximately the same con-
ditions analyzed), the amount of drive 
motor power supplied as a function of 
load and speed is shown in Figure 9. 
The drive motor rotates the test and 
slave gearboxes and supplies the nec-
essary power to maintain the operat-
ing conditions. For a given operation 
input speed, increasing load results in 
a linear increase in drive motor power. 
Increasing speed from 12,500 to 15,000 
rpm input speed (16 percent increase) 
results in a much larger increase of 
operating power (30 percent increase) 
required.

The heat transferred to the lubri-
cant is simply the product of the lubri-
cant mass flow rate, specific heat of the 
lubricant, and the temperature differ-
ence across the gearbox and given by 
the following equation:

 (8)

ml dFfM 1= �

( ) 33/2
5 moov dnvfCM =

6  forov on≤2000vfCM = 3
md

TCmCP pLube= 7 �

http://www.geartechnology.com


42   GEARTECHNOLOGY     May  2007     www.geartechnology.com

Figure 8—Predicted power loss at 15,000 rpm input shaft speed for each of the components in test 
gearbox.

where:
C7  Constant
m Mass flow rate
Cp  Specific heat of the lubricant
∆T Lubricant temperature change  
 across the gearbox

The convection losses are those 
due to free convection. Flat plate heat 
transfer coefficients were assumed for 
the six faces of the gearbox (Ref. 28). 
The surface temperature of the gearbox 
was measured at the mid-height and 
width. This temperature was assumed 
to exist on each face of the gearbox. 
The ambient temperature was assumed 
to be 75°F, since the system is operated 
in a temperature-controlled (air condi-
tioned) test facility. These losses are 
given by the following equation:

 (9)

where:
h

i
  Free convection heat transfer  

 coefficient
A

i
  Area of convection surface i

∆T Temperature difference   
 between outside of case and  
 ambient conditions

The losses measured are shown in 
Table 3. Table 3 shows the average of 
15 readings over a 30-second period of 
time after the test facility had reached 
steady state. As shown in the table, the 
vast majority of the heat is absorbed in 
the lubricant, and the convection only 
makes up a very small percentage of 
the overall losses. The efficiency for 
each of the conditions is also shown in 
this table.

Comparison of Analytical and
Experimental Results

For the six conditions of interest, 
the results from analysis and experi-
ment are shown in Figure 10. As can 
be seen from the figure, results gener-
ated by analysis and experiments indi-
cated that the efficiency increases with 
increasing load and decreases with 
increasing input rotational speed. For 
the analytical results shown, the wind-
age losses are a substantial percent-
age of the losses. As was mentioned 

TABLE 2.—POWER LOSS AND EFFICIENCY PREDICTIONS 
AT GIVEN CONDITIONS 

High
speed
input
shaft

torque
 

Roller 
bearing 
losses 

Ball
bearing 
losses 

Total 
Power 
Loss

Loop
power

(in*lb) (rpm) (hp) (hp) (hp)  (hp) (hp) (hp) (%) 

 6834 12500 10.891 29.406 3.34 0.34 43.977 1355.4 96.756

14028 12500 20.982 29.406 7.03 0.90 58.318 2782.3 97.904

20863 12500 29.942 29.406 10.10 1.45 70.898 4137.9 98.287

 6834 15000 13.331 49.443 4.81 0.52 68.104 1626.5 95.813

14028 1500 25.300 49.443 9.80 1.3 85.863 3338.7 97.428

20863 1500 36.078 49.443 14.54 2.22 102.281 4965.5 97.940   
  
  
  
  
  

Efficiency 

High
speed
input
shaft
speed

 

Gear
Sliding

and
rolling
losses 

Gear
Windage

losses
(0.75 %
lube) 

TAhP iiConv =�
i=1

6

Figure 9—Drive motor power required to rotate the entire test facility system.
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alter the predicted loss and efficiency 
predicted.
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cal gear loss-of-lube evaluation at 
the NASA Glenn Research Center. 
Published papers include V-22 Drive 
System Description and Design, and 
Composite Applications for Rotorcraft 
Drive System Housings.
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Jack McGuinn, Senior Editor

On February 1, 2003, the Space 
Shuttle Columbia and its seven-mem-
ber crew were precious minutes away 
from completing the spacecraft’s 28th 
mission when it literally fell to pieces 
upon re-entry over Texas. There were 
no survivors.

A NASA investigation attribut-
ed the root cause of the tradegy to a 
puncture on the leading edge of one of 
the spacecraft’s wings, which in turn 
allowed extremely hot air to enter and 
degrade the wing’s internal support 
structure. This degradation, exacerbat-

NASA’s 
“Return to Flight” 
TAKES WING AT GLENN RESEARCH CENTER

ed by the intense heat typically encoun-
tered upon re-entering the atmosphere, 
precipitated Columbia’s disintegration. 

But the investigation did not end 
there. What followed was an intensive, 
two-year testing-and-analysis period—
dubbed Return to Flight—that led ulti-
mately to the successful launch and 
return in 2005 of the Discovery space 
shuttle.  

Involved in a number of ways dur-
ing that two-year re-evaluation was the 
Cleveland-based NASA Glenn Research 
Center (GRC). Named for Ohio native 

John Glenn, who in 1962 became the 
first American astronaut to orbit the 
earth, the center states its mission as 
follows: “To work as a diverse team 
in partnership with government, indus-
try, and academia to increase national 
wealth, safety, and security; protect the 
environment; and explore the universe. 
To develop and transfer critical tech-
nologies that address national priorities 
through research, technology develop-
ment, and systems development for safe 
and reliable aeronautics, aerospace, and 
space applications.”

GRC chief of space operations Angel Otero is shown demonstrating to a reporter how the center’s work has helped make the shuttle flights safer. 
Otero oversaw all of GRC’s Return to Flight efforts, to which more than 200 Glenn employees contributed.

http://www.geartechnology.com


lubrication problem eventually led to 
gear-specific issues, including fretting 
and pitting, cycling and dithering.

E-mail launches grease, gears 
investigation. “How we got involved 
with the actuators was a very interesting 
story,” Otero reveals. “When (NASA) 
was getting Discovery ready for launch 
they took all the rudder speed brakes 
out of Discovery, and GRC’s involve-
ment started due to the grease issue. 
(Editor’s note: Beta testing at the 

Johnson Space Center in Houston for 
Discovery had revealed a discoloration 
and contamination of the grease lubri-
cant in the spacecraft’s rudder/speed 
brake actuators.) There was a question 
about the degradation of the grease, 
and someone in Houston was looking 
through the literature (technical papers) 
about questions on grease and he ran 
into the name of Erwin Zaretsky, who 
is a Glenn employee.

“And his sending (Zaretsky) an 
e-mail developed into a two-year 
involvement for us. First, with grease 
because we have tribology experts here. 
But as we started talking it over, it also 
became a gear issue, with questions 
about cycling and things like that.”

Robert F. Handschuh, an aero-

In  c lear ing the  runway for 
Discovery, that mission was put to the 
test. And Glenn passed with flying col-
ors. For Angel Otero, chief of GRC’s 
space operations division, the valida-
tion was not unexpected.

“NASA as a whole has come to 
appreciate Glenn’s expertise in mecha-
nisms, gears, lubrication, high-temper-
ature materials and impact testing and 
modeling,” he says. “We have been 
working in these areas for the last 45 

years to the benefit of the agency. As 
a result of the Columbia accident, our 
capabilities were called upon again.”

And while indeed the center was 
involved in a variety of test areas—
ballistic impact; environment seals 
compression optimization; on-board 
repair protocols; and carbon-carbon 
degradation among them—we will 
concentrate here on the GRC Shuttle 
Actuators Investigation Team. Their 
primary charge was the identification 
and resolution of mechanical compo-
nent and lubrication issues in the space 
shuttle actuators. As is often the case 
when attempting to identify and explain 
cause-and-effect issues, the team soon 
found that one clue leads to another. In 
this case, an examination of a potential 
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Space shuttle Discovery makes a perfect early morning landing at Edwards Air Force Base. 
It marked the successful end of the Return to Flight program, in which the Glenn Research 
Center played a vital role.
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space engineer in the Army Research 
Laboratory at GRC (and a Gear 
Technology contributor), was a mem-
ber of the Actuators Investigation 
Team. His area of expertise is gears for 
rotorcraft—not spacecraft—and so the 
shuttle actuators presented a new, but 
not insurmountable challenge.

“In general, fretting and wear can 
result in the loss of gear surface materi-
al, and fretting pits can lead to signs of 
failure; you lose part of the drive capa-
bility of the gear tooth at that point,” he 
says. “Some of these wear mechanisms 
can snowball and you end up with a 
system that can’t carry the load. And 
the shuttle is designed a little differ-
ently from, say, your car or a helicop-
ter. We had to think a little differently 
when we started tackling the problem 
for the shuttle, but fortunately we have 
enough expertise here to know that the 
technology from the aerospace world 
applies to the space world. It’s just that 
we were operating in a different zone 
of the fatigue curve.”

The shuttle has two sets of actua-
tors—the body flap (a thermal shield 
for the spacecraft’s main engines dur-
ing re-entry that provides pitch control 
for the orbiter during its atmospheric 
flight after entry), which travels up 
and down, and the tail’s rudder/speed 
brake. As the latter component’s name 
implies, it performs two functions. On 
ascent and descent, it acts like a rudder 
for vehicle guidance. But upon touch-

down, the actuators transform the tail 
into a speed brake. Otero points out 
that the danger a failure of that function 
presents is directly influenced by where 
the shuttle is to land.

“(If the shuttle) is landing in the 
desert and the speed brake fails, they 
just have to chase it down until it stops 
rolling, because it has its own runway,” 
he says. “But if the rudder part of it 
fails, that’s a larger (issue) if they can’t 
control the flight landing surface (the 

ocean, e.g.). It’s what is considered a 
“Crit-1” (Criticality-1) item. It’s very 
important to make sure that the (actua-
tor) works. 

“The engineering thought pro-
cess was that these (actuators) are not 
cycled very often—like a helicopter or 
airplane—because the shuttle doesn’t 
fly that often; it’s only used on the way 
up, and again on the way down.

“But one thing that we had not 
realized was going on was what we 
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“Every time the shuttle 
was powered up, the actu-
ators were moving basical-
ly like a washing machine, 
just kind of back and forth 
in place. So that adds a 
lot more cycles than the 
original designers had envi-
sioned. Our guys here had 
to do a test program to sim-
ulate the dithering and we 
made an assessment that, 
yes, there are more cycles, 
but maybe not enough to 
cause a problem.”
—Angel Otero

http://www.geartechnology.com
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This GRC test rig played a key role in evaluating grease and damage tolerance issues with 
Discovery’s actuator gears.

call dithering—the way the hydrau-
lic system in the shuttle works. Every 
time the shuttle was powered up, the 
actuators were moving basically like a 
washing machine, just kind of back and 
forth in place. So that adds a lot more 
cycles than the original designers had 
envisioned. Our guys here had to do a 
test program to simulate the dithering 
and we made an assessment that, yes, 
there are more cycles, but maybe not 
enough to cause a problem.”

Testing needed. But how?
H a n d s c h u h 

points out that 
the testing and 
modeling were 
intrinsically nec-
essary due to the 
fact that apples-
to-apples testing 
was not an option 
for the investiga-
tive team. That’s 
b e c a u s e  t h e r e 
were no actual, 
in-use parts 
to  t e s t . “These 
actuator systems 
aren’t pulled out 
rou t ine ly ,  and 
even the ones that 
we’ve had access 
to were pulled out of a shuttle that had 
flown (only) 30 missions. (The actua-
tors) were designed to last for the life 
of the shuttle, which is 100 flights or 
10 years. And now things have dragged 
on a lot longer for a lot of these sys-
tems. The cycle count of 100 flights 
hasn’t been as long as they thought, but 
more years have elapsed.”

To put it another way, think of the 
way that medical science conducts 
experimental testing. Testing with 
humans is often out of the question, so 
substitutes are used. GRC was the best 
go-to resource to unravel unknowns 
because of their state-of-the-art test-
ing and modeling capabilities, some of 
which are unmatched anywhere in the 
world. 

“Actually, that’s (our capabilities) 
what drove our involvement,” says 
Otero. “If (the actuator system) was 

designed to be taken out (for inspec-
tion) after every mission, then they 
didn’t need to come to us. All they had 
to do after every flight was open a box, 
add new grease and, OK—the grease 
issue is resolved. But that’s a major 
disassembly that has to occur to get 
to those actuators. So they needed us 
to look at it in a lab environment and 
simulate the conditions so they could 
get answers without actually having to 
go in and tear those actuators apart.”

The grease and cycling issues pre-

sented a number of challenges for the 
investigative team, among them creat-
ing the proper model for simulation 
purposes, and then extrapolating the 
results of those simulations to deter-
mine with relative certainty whether 
life- or flight-threatening conditions 
exist. Keep in mind, these were parts, 
systems and other components that 
were designed and built over 20 years 
ago.

“When they came to us with the 
grease questions—‘We have this grease 
and it’s discoloring; what can you 
tell us about the behavior of Braycote 
grease and 9310 steel?’—what you 
normally do is you go to the litera-
ture,” says Otero. “And normally, you 
(cite the technical reports) of a Bob 
Handschuh, an Erwin Zaretsky, or a 
Wilfredo Morales (another GRC staff-
er), and you give them the answer.

“The problem was, there was no 
literature on a 17-, 20-year lifecycle 
of a 9310 steel gear system lubricated 
with Braycote. So we had to start doing 
aging tests. And by calling (Braycote) 
we realized they had changed the pro-
cess of how they made the grease—
there was now an older grease and a 
newer product—so our tribology guys 
had to test all those things here in order 
to determine that, yes, the grease is dis-
coloring and decomposing a little. But 
it really didn’t impact the relationship 

between it and the 
gears.”

Determining that 
the grease was not 
severely impacting 
functionality was a 
relief to all concerned. 
That ’s  because—
given that the cur-
rent shuttle program 
was nearing the end 
of its intended lifes-
pan (2010)—finding 
and qualifying a new 
grease was not a real-
istic option. 

“ W h e n  t h i n g s 
like a grease get 
space-qualified, it’s 
l ike  they’re  cas t 

in concrete,” Handschuh explains. 
“ ‘Thou shalt use it until this vehicle is 
done being used.’”

“Making a grease change on the shut-
tle would be a big job and cost a bunch 
of money to get everything re-qualified,” 
Otero adds. “First you’d have to find 
the grease that does the job and then 
be able to figure out what is the proper 
qualification program. Remember that 
with the constraint that the shuttle is to 
retire in 2010, the realization is that if it 
is going to take four or five years to get 
a new subsystem qualified, it doesn’t 
make sense to try and change it. 

“This grease had a history of not 
having failed, so they wanted us to 
make sure that there wasn’t anything 
that they were missing by having those 
gears lubricated with Braycote. And the 
answer was ‘no,’ as far as we could tell. 
But if that grease were to stay in there 
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for another 20 years, then you start ask-
ing questions again. But the reality was 
that it wasn’t going to happen.”

From there, it was on to the actua-
tors’ dithering/cycling issues. Were 
the actuators a “GO,” or not? Again, 
model simulation testing and analysis 
was required.

“We did dithering testing; we con-
verted one of our contact fatigue rigs 
to do the dithering motion to check for 
gear surface wear,” says Handschuh. 
“And we did some work on single tooth 
bending, and at some pretty high loads. 
We were looking at low-cycle fatigue 
behavior of 9310 steel and we will 
probably be presenting a report this 
year at the ASME (International Design 
Engineering Technical Conferences) in 
September.”    

Testing and verifying probability.
 But to really get their minds around 

the gear questions, the team employed 
probabilistic analysis to best determine 
the lifespan and reliability of the actua-
tors. In other words, with what cer-
tainty could the investigators determine 
the probability of either the efficacy 
or malfunction of the actuators? The 
answer, says Otero, is test and verify. 
Often.

“The simplest explanation is that 
one test is not enough. That’s some-
thing we had to explain to the program 
because they were always saying, ‘OK, 
we’ll do one test and you tell us if the 
gears are OK.’

“I have a sign on my desk that says 
‘One test isn’t worth 1,000 experts’ 
opinions.’

“If you do just one test and pick the 
one bad one (outlier, or misleading, 
data point) in the set, you’ll be giving 
them a bad answer. Or if you pick the 
one good one in the set, you might also 
be giving them a bad answer. You have 
to do enough tests to show that your 
scatter (variance) is within the band 
that they’re worried about. If you do 
only one test you might be getting the 
one outlier data point. We were asked 
that if we were shown old actuators that 
were made at the same time as the ones 
that are in orbit, could we tell them if 
the ones in flight were okay.”

Otero points out that looking at one 
set of gears might result in overly opti-
mistic conclusions, or, conversely, in 
a great deal of unnecessary work and 
cost. Either way, an incorrect finding 
can lead to significant—if not fatal—
consequences.

“If you just look at that one (bad) 
one and it happens to be the one outlier 
point on the backside, you go through 
this whole test program unnecessarily. 
Or worse, if you look at it and it hap-
pens to be a good one—but it might not 

be where the majority of data is going 
to be—you might give them a false 
sense of security. In a probabilistic sit-
uation you have to do enough tests to 
build enough data to be able to answer 
the question properly.”

Upon completion of all the nec-
essary modeling, simulating, analy-
sis and other testing, the conclusion 
of the investigative team was that the 
lubrication and actuators issues were 
resolved to everyone’s satisfaction, and 
no further work was required specific 
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to report writing is how we distribute 
results. 

“Some of the people from the auto-
motive arena can teach us, too. They 
do some interesting things in the auto-
motive world now that we hopefully 
can apply to things for our helicop-
ters in the future. They (automotive 
transmission designers) are real sensi-
tive to noise—you don’t want a noisy 
transmission in your car—and there’s 
some technologies they’ve really 
pushed hard. In fact, some of the lead-
ing researchers in our country doing 
gear technology have backgrounds in 
automotive.”

But let’s face it: It is rocket science, 
after all, that most excites the imagina-
tion and sense of wonder in many of 
us. And perhaps that is best summed up 
by NASA’s stated vision:

“To improve life here. To extend 
life to there. To find life beyond.”

For more information:
NASA Glenn Research Center
21000 Brookpark Road
Cleveland, Ohio 44135
Phone: (216) 433-4000
Website: www.grc.nasa.gov
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Dr. Robert Handschuh, an aerospace engineer 
in the Army Research Laboratory at GRC and 
member of the Actuators Investigation Team. 
An expert in rotorcraft, Handschuh was able 
to adapt and apply his skill in that sector in 
order to help conduct critical evaluation of 
the actuators’ grease, fretting, wear and 
dithering issues.  

to operations in the final years of the 
26-year shuttle program. 

As one of NASA’s 10 field centers, 
the invaluable work the GRC performed 
for the Return to Flight program helped 
the agency get back on track with the 
successful Discovery flight in 2005. But 
aside from that specific task, the center 
conducts ongoing research and testing 
that will enable NASA to go forward 
with space exploration.   

And while it is commonly known 
that the technology developed by 

NASA often finds its way into any 
number of general-use applications, 
that synergy is sometimes reversed. 
The automotive industry’s influence on 
rotorcraft is a surprising example.

“Actually, the people on the auto-
motive end have been getting closer to 
being at an aerospace level of technol-
ogy in their manufacture of what comes 
out on your car,” says Handschuh. 
“We go to the same (conferences) that 
people from the automotive industry 
attend, and our technology transfer 
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When, in 1266, Marco Polo journeyed 
to China in search of lucrative trade routes 
and untold riches, he was fi rm in his belief 
that the Asian continent was an untapped 
source awaiting economic development. 
The intrepid Venetian may have been eight 
centuries ahead of his time, but his vision’s 
validation was amply demonstrated at 
the 10th China International Machine 
Tool Show (CIMT), held April 9–15 in 
Beijing.

Staged bi-annually at the China 
International Exhibition Center, CIMT 
is China’s largest and most sophisticated 
machine tool exhibition, and it now ranks 
among the top four machine tool shows 
in the world. With more than 1,200 
exhibitors and 26 countries represented, 
CIMT has become a destination show for 
exhibitors and attendees alike since its 
inception in 1987. 

Marketing 101. For Alan R. Finegan, 
director of marketing for Gleason Corp., 
exhibiting at CIMT was just good 
business.

“It’s no secret that China is the largest 
growth market in the world, and has 
become by far the largest consumer of 
machine tools and related equipment in 
the world,” he says. “I cannot think of a 
machine tool technology show that makes 
more sense to include in our promotional 
plans than CIMT.”

To that end, Gleason showcased 
several products, including the Genesis 
130H hobbing machine, a recent addition 
to its line of cylindrical gear manufacturing 

equipment; the 275HC CNC bevel gear 
cutting machine; and a gear metrology 
technology demonstration with its Sigma 
7 Gear Inspection and Analysis System.

For Gleason, both the China market 
and CIMT have become a far-fl ung but 
welcoming home away from home, the 
company having made its Marco Polo-
like trek to China back in 1987. Gleason 
Corp. now enjoys—and aggressively 
cultivates—high-profi le status among 
Chinese tool buyers.  

“Gleason had a presence in China long 
before the trends of the last few years,” 
says Finegan. “Gleason Sales-China, our 
sales-and-service organization in Beijing, 
is celebrating its 20th anniversary this 
year, and over the years it has grown 
dramatically in both size and capabilities.” 
Finegan also points to a 2005 joint venture 
with Chinese Harbin No. 1 Tool Corp.—
Gleason Yi Gong (Harbin) Cutting Tools 
Co. Ltd.—to produce precision gear 
cutting tools in Harbin in Heilongjiang 
Province. The facility serves as another 
example of the company’s proactive 
Chinese market development. And just 
before the start of CIMT last month, the 
company announced its grand opening of 
the Gleason Gear Technology (Suzhou) 
Co. Ltd., which will produce machine 
tools and, perhaps later, other products 
made exclusively for the Chinese market.

Ohio-based Process Equipment Co. 
(PECo) is another American company 
that gets it. CIMT is not only a showcase 
for its new products, but can also be a 

springboard to other opportunities for 
global presence.

“We feel that the market awareness 
generated at this show will help us further 
penetrate the global market,” says Brian 
Slone, PECo business unit manager/
metrology systems division. “We have 
several meetings scheduled with European 
companies to discuss opportunities as 
well.”

At the show, PECo unveiled its 
ND430 CNC gear measurement system 
with automatic probe changer. The unit, 
which helps meet the increasing demand 
by Chinese manufacturers for better-
precision components, also featured a 
Mandarin Chinese language module 
that allows for data entry and inspection 
analysis displays in the native language. 
And as that demand continues to grow, 
Slone sees PECo as a ready-willing-and-

MARCO POLO 
HAD IT RIGHT—
East Meets West 
At CIMT 
And 
Everybody Wins
Jack McGuinn, Senior Editor

The just-opened, 22,600-sq. ft. Gleason Gear Technology (Suzhou) Co. Ltd., which will pro-
duce machine tools and possibly other products exclusively for the Chinese market.

Making its Asian debut at CIMT is Gleason’s Making its Asian debut at CIMT is Gleason’s 
130H hobber. Manufacture of the 130H will be 
the primary focus at its new Gleason (Suzhou) 
Co. Ltd.

http://www.geartechnology.com
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Apache by 
Boeing,
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by Purdy.

TEAM
APACHE
Proud Supporters of
America’s Military.

INNOVATIVE, 
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CREATIVE,
CHALLENGING.
JOIN US!

The Purdy Corporation is a leader in manufacturing flight critical 
Jet engine and rotor components including 

gears, gear boxes and transmissions for 
OEMs and the United States Government. 

Aerospace manufacturing opportunities offering 
stability, job satisfaction and growth are available 

in the following areas of expertise;

• Gear Management - Aerospace Manufacturing 

• CNC Programming (Unigraphics) - 

Gear Box Housings, High Speed Machining, 

• Gear Engineering - Process, Planning & Manufacturing

• Gear Machining - Spiral Bevel and Parallel Axis • ID/OD Grinding 

• Gear Metrology • Gear Box Assembly and Testing

Excellent benefit and relocation packages.
An Equal Opportunity/Affirmative Action Employer.An Equal Opportunity/Affirmative Action Employer.

Take your career to a whole new level, contact us at
860.649.0000 Ext. 226 or e-Mail to finance@purdytransmissions.com 

able resource.
“From conversations with the 

Chinese Gear Manufacturers Association 
(CGMA), it appears that the Chinese 
market will have a need for ‘hundreds’ 
of gear measurement machines over the 
next fi ve years. We anticipate having a 
large percentage of those machines,” he 
says. Slone adds that, in an accelerated 

variation of China’s traditional Five Year 
Plan benchmark, PECo will be developing 
strategies at the show with its international 
sales partners (U.S., German and Turkish 
companies) for the next two years.

In support of those plans, PECo 
is also “walking the walk” relative to 
establishing itself as a player in the China 
gear industry market.

“We have hired a full-time sales and 
service team for the Chinese market, and 
have translated all of our documentation 
necessary to support the sales and service 
function into the Chinese language,” he 
says. “We are fi nding that working with 
U.S. transplants in China is going to be 
a strong point for us with the language 
capabilities that we have developed.” 
He adds that the company is considering 
opening a facility there to manufacture 
and assemble components for the Chinese 
market. As with Gleason Corp., that 
investment will probably be in the form 
of a joint venture with companies that will 
work with PECo to everyone’s mutual 
benefi t.

In the beginning. Gleason and PECo 
were just two American companies 
exhibiting at CIMT under the aegis of 
the Association for Manufacturing and 
Technology (AMT). If Marco Polo 
receives credit as China’s fi rst Western 
agent of economic development, the 
AMT is certainly its Lewis & Clark. With 
its fi rst trade mission to China in 1975, 
the AMT has over the years succeeded in 
helping to expand American companies’ 
presence. That success continues today 
as the AMT/USA Pavilion at CIMT 2007 
was completely sold out, represented by 
more than 60 U.S. companies.

“The China market is growing rapidly 
and is very attractive to U.S. builders,” 
says AMT president John B. Byrd III. “The 
USA Pavilion is just one of several AMT 
initiatives to help our members serve the 
China market.” The AMT also has a USA 
Technology and Service Center in the 
Waigaoqiao Free Trade Zone in Shanghai, 
along with three representative offi ces in 
Beijing, Shanghai and Guangzhou.

And the American companies that 
today are assiduously putting down roots 

PECo’s ND430 Next-Dimension® Gear 
Measurement System.

http://www.hannovermesse.de
mailto:finance@purdytransmissions.com
http://www.geartechnology.com
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in China’s and other Asian markets’ rich 
economic soil are poised to be the sure 
winners as the manufacturing miracle 
continues to take shape and pay dividends. 
And companies like Gleason and PECo 
are more than willing partners in helping 
to make that happen.

“As the quality of gears made by 
Chinese manufacturers improves through 
better metrology, I believe you will see 
more ‘high-volume loose gearing’ product 
shipping to all parts of the world,” says 
PECo’s Slone. “Communication between 
technical personnel in the various trading 
countries will be the key in maintaining a 
quality product that meets each individual 
market’s demand.”

For Gleason’s Finegan, China is 
doing all the right things in developing the 
groundwork for a vibrant industrial base.

“China is developing and acquiring 
the necessary technologies to achieve its 
goals, and this extends from motor vehicles 
to appliances, industrial machinery, and to 
many other products, including gears.

“It is only natural that in developing 
capabilities to satisfy their domestic 
demands for gears, China has the potential 
to become a signifi cant player in the global 
market as well.”

(Editor’s note: For a complete listing 
of CIMT exhibitors, please go to http:// 
www.cimtshow.com. For a complete 
listing of AMT/USA Pavilion exhibitors, 
please go to www.mfgtech.org) 

For more information:
The Association for American 
Technology (AMT)
7901 Westpark Drive
McLean, VA 22102-4206
Phone: (703) 893-2900; 
(800) 524-0475
Fax: (703) 893-1151
E-mail: AMT@AMTonline.org
Website: www.mfgtech.org

Gleason Corp.
1000 University Avenue
P.O. Box 22970
Rochester, NY 14692-2970
Phone: (585) 473-1000
Fax: (585) 461-4348
E-mail: sales@gleason.com
Website: www.gleason.com

Process Equipment Co.
6555 South State Route 202
Tipp City, OH 45371
Phone: (800) 998-4191; 
(937) 667-7105
Fax: (937) 667-9322
E-mail: pdgsales@processeq.com
Website: www.gearinspection.com

http://www.geartechnology.com
http://www.cimtshow.com
http://www.cimtshow.com
http://www.mfgtech.org
mailto:AMT@AMTonline.org
http://www.mfgtech.org
mailto:sales@gleason.com
http://www.gleason.com
mailto:pdgsales@processeq.com
http://www.gearinspection.com
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May 9–11—Modern Furnace 
Brazing. Holiday Inn, Madison 
Heights, MI. Design, metallurgical and 
production engineers will learn about 
such topics as joint selection, interaction 
of base and fi ller metals, protective 
atmospheres, joint preparation, 
fi xturing, and quality control. $1,550. 
A discounted rate of $1,450 is available 

for additional members of the same 
company. For more information, contact 
Wall Colmonoy Corp. by telephone at 
(248) 585-6400 or on the Internet at 
www.wallcolmonoy.com.

May 13–16—PowderMet 2007: 
International Conference on 
Powder Metallurgy and Particulate 
Materials. Colorado Convention Cen-

ter, Denver, CO. Worldwide event 
featuring the latest in PM Equipment, 
powders, products and services. 
International technical program in-
cludes 180 papers presented in t
echnical sessions, special interest 
programs, and a poster program. Special 
events include a keynote address by 
Clyde Fessler of Harley-Davidson and 
a reception at Coors Field. Registration 
ranges from $50-$1,750. For more 
information, visit the association’s 
website at www.mpif.org.

May 16–18—Gear Design Seminar: 
Beyond Simple Service Factors.
Lago Mar Resort, Fort Lauderdale, FL. 
Taught by Ray Drago, Drive System 
Technology, this course is designed for 
gear engineers, designers, and application 
engineers. Attendees will be introduced 
to gear rating theory and standardization, 
differences in stress states among surface 
durability failure modes, extended load 
capacity analysis techniques, optimization 
of gear tooth design parameters and more. 
For AGMA members, the cost is $1,395 
for the fi rst registrant from a company 
and $1,195 for the second registrant from 
the same company. For non-members, 
the cost is $1,895 for the fi rst registrant 
and $1,695 for the second. For more 
information contact the AGMA online at 
www.agma.org.

May 22–24—EASTEC 2007
Eastern States Exposition Center, West 
Springfi eld, MA. Attendees include 
manufacturers and buyers from the 
aerospace, defense, medical, consumer 
products and other industries. In 2006, 
EASTEC exhibits were reorganized in 
technology clusters by building. In 2007, 
EASTEC’s exhibit layout is further 
refi ned to make it easier for attendees to 
fi nd the exhibitors, products and services 
they want to see. The event also offers 
a technology-focused Automation, 
Lean & Quality Resource Center and an 
Energy & Environmental Assessment 
Day. Registration is free. For more 
information, visit the show’s website at 
www.sme.org/eastec.

http://www.wallcolmonoy.com
http://www.geartechnology.com
http://www.mpif.org
http://www.agma.org
http://www.sme.org/eastec
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June 12–14—Automation  Technology 
Expo East. Jacob K. Javits Convention 
Center, New York, NY. Four shows are 
co-located within this event: 
• MD&M East—For the medical device MD&M East—For the medical device MD&M East
and manufacturing market. 
• EastPack—The East Coast's largest 
packaging event. 
• Atlantic Design and Manufacturing 
Show.
• PlastTec East 2007 For registration 
information, call the registration hotline at 
(301) 445-4200 or visit the show’s website 
at www.devicelink.com/expo/ate2007.

June 14–17—GIMT + AMB China 
2007. Guangzhou International 
Convention and Exhibition Center, The 
GIMT, South China’s leading machine 
tool exhibition, will be combined 
for the second year in a row with the 
AMB. The show is jointly organized 
by Business Media China AG, Messe 
Stuttgart International and BMC 
Zhenwei International Exhibitions 
Co. Ltd. For registration and related 
additional information, visit the 
show’s website. For more information, 
contact GIMB + AMB by e-mail at 
rhung520@aol.com or on the Internet at 
www.china-machinetool.com.

June 25–28—KISSsoft Calculation 
Program Seminar. KISSsoft facility, 
Rapperswil, Switzerland. Dr. Kissling, 
a member of the Swiss Standard 
Association, will teach a range of subjects 
including special know-how about 
properties of gears and how to take them 
into account in the sizing and optimization 
process. The third day will introduce 
participants into the shaft and bearings 
calculation, other machine elements, 
as well as into some basic functions of 
KISSsoft like material database and 
reports. The fourth day is dedicated to 
programming KISSsys and will teach 
participants to model entire systems of 
machine elements such as a gearbox or 
a power train. Seminars are conducted in 
English. For more information, visit the 
company’s website at www.kisssoft.ch or 
contact info@kisssoft.ch.

http://www.geartechnology.com
http://www.devicelink.com/expo/ate2007
mailto:rhung520@aol.com
http://www.china-machinetool.com
http://www.kisssoft.ch
mailto:info@kisssoft.ch
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Ford 

I N V E S T S  $ 2 0 0  M I L L I O N  
I N  T R A N S M I S S I O N  P L A N T

Ford Motor Co. announced a $200 million investment 

Gear Motions
H I R E S  E X E C U T I V E  
V I C E  P R E S I D E N T

Sam Haines, president of the Gear Motions companies 
(Oliver Gear in Buffalo, NY, and Nixon Gear in Syracuse, 
NY) announced the appointment of Barbara Stone to executive 
vice president of Gear Motions Inc. 

According to a company press release, Stone began work 
at Gear Motions in early April. 

Stone’s experience includes serving as director of 
operations and fi nance at Higbee Inc. and manager of pro-
duction control at New Venture Gear (NVG) in Syracuse. 
She was promoted to the corporate offi ces of NVG in Troy, 
MI, where she became manager of production control and 
planning. While at corporate, she was a member of the 
executive team and was selected to join the Volkswagen 

Gleason
A C Q U I R E S  L E C O U N T

Gleason Corp. announced it has acquired the assets and 
business of LeCount Inc., a producer of expanding mandrels 
and other workholding equipment for inspection and 
machining applications including grinding, sharpening and 
polishing. 

John J. Perrotti, president and CEO of Gleason Corp., says, 
“We are pleased and excited to add the well-known LeCount 
name to our portfolio of products and services for the gear 
industry worldwide. LeCount products perfectly complement 
our Gleason-M&M gear inspection and analysis systems, 
and strengthen our ability to serve our global markets. By 
leveraging Gleason’s leadership in gear technology and our 
global reach, we believe opportunities exist to greatly expand 
sales of LeCount products.” 

Gleason will move LeCount’s operations from White 
River Junction, VT, to its facility located in Rochester, 
NY. Certain key LeCount personnel will be retained and 
relocated to Rochester to assure a smooth transition. Sales 
and distribution channels will be integrated with Gleason’s 
existing sales offi ces and representatives in most markets. 

LeCount’s products are 
sold worldwide and consist of 
a line of expanding mandrels 
that are used primarily to 
hold gears and other parts 
in precise position for 
inspection and, more recently, 
machining applications such 
as grinding. 

Gleason Corp. develops, 
manufactures and sells gear 
production machinery and 
related equipment used by 

customers in the automotive, truck, aircraft, agriculture, con-
struction, power tool, energy, and marine industries and by a 
diverse set of customers serving various industrial equipment 
markets. 

John J. Perrotti

in the Sharonville, OH, transmission plant for a future high- in the Sharonville, OH, transmission plant for a future high- 
performance, fuel-effi cient transmission. 

The investment will be used to retool the plant for fl exible 
manufacturing and advanced powertrain production. The 
company says details of the transmission will be disclosed at 
a future date. 

According to the company’s press release, the investment 
is supported by a signifi cant incentive package from the State 
of Ohio, Hamilton County and the City of Sharonville. 

“Sharonville is working hard to achieve world-class 
productivity levels,” says Joe Hinrichs, vice president, North 
America manufacturing. “We appreciate the show of support 
from the state and local governments, and the UAW, which is 
working with us to make our plants competitive.”

http://www.geartechnology.com


Focused Factory Launch 
Team in Roitzch, Ger-
many. She eventually 
returned to NVG where 
she spent four years 
as manufacturing area 
manager. 

Sam Haines says, “Gear 
Motions is excited to have 
Ms. Stone become a member 
of our team. Her remarkable 
manufacturing and planning 
experience combined with 
an extensive fi nancial 
background will add an 
entirely new global perspective to our growing company.”
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Barbara Stone

Robert Doshi 
B A C K  T O  S C H A F E R  G E A R  

Robert Doshi returned 
to Schafer Gear Works as 
production manager. 

According to a company 
press release, Doshi held this 
position before departing for 
military service with the U.S. 
Army in Afghanistan. Upon 
his return from the army, 
Doshi worked as distribution 
manager for Memorial 
Hospital and Health System. 

His responsibilities in-
clude managing operations, training and quality control.

Robert Doshi

Samputensili
I N V E S T S  4 . 7  M I L L I O N  E U R O S  I N  
E N V I R O N M E N T A L L Y  F R I E N D L Y  
F A C I L I T Y

Samputensili S.p.A. announced an investment of 4.7 
million euros for the building of a new manufacturing facility 

mailto:midwestgear@sbcglobal.net
http://www.geartechnology.com
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Linamar 

E X P A N D S  
G E A R  P R O D U C T I O N  
F A C I L I T Y

Michael Annable, executive vice president of administration,  Gary 
Goodyear, Member of Parliament for Cambridge, Ontario, Canada and 
Jim Jarrell, Linamar president and COO.

Linamar Corp. announced plans to add 100,000 square 
feet to its existing facility to accommodate new and future 
gear manufacturing programs resulting from the company’s 
investment in gear product and process innovations. 

in Ortona (Chieti, Italy). The new plant will be located 
alongside the existing gear cutting tool and rotor plant. 

According to the company’s press release, the new plant 
will be constructed with a focus on ecology. Designed to 
comply with ISO 14001 environmental certifi cation, the 
facility was designed with thermal cut, double glazed windows 
and insulated boundary walls and foundation. 

Samputensili is also installing an integrated photovoltaic 
system that will be able to generate 380 MWh/year, covering 
8% of the factory’s annual energy requirements. Panels are 
made from micro-crystalline modules with two inverter 
devices in a master/slave confi guration. At dawn, the master 
inverter is turned on and, when the workload reaches a 
suffi ciently high level, the parallel slave inverter is activated. 
This confi guration makes it possible to save a further 2% and 
to save on long-term maintenance costs, as the system does 
not contain any moving mechanical parts. 

The 1.7 million euro photovoltaic system was designed by 
Enerray, a Maccaferri Industrial Group company that operates 
in the fi eld of environmentally friendly energy performance 
systems. Samputensili is also part of the Maccaferri Industrial 
Group.

mailto:hanikcorp@aol.com
http://www.schnyder.com
mailto:mail@schnyder.com
http://www.fi
http://www.first-gear.com
http://www.geartechnology.com
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Dimensioning and design
optimization of machine elements
Various unique calculation tools
ISO, ANSI, DIN, AGMA, VDI, FKM
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Fast analysis of variants and
switched gears
Automatic documentation

Leading calculation software
for efficient gear box design

KISSsoft, USA, LLC
3719 N. Spring Grove Road
Johnsburg, Illinois 60050

(815) 363-8823
dan.kondritz@KISSsoft.com

www.KISSsoft.comVisit us at
GEAR EXPO
booth 649 Sharing Knowledge

��������
Calculation programs formachine design

Jim Jarrell, Linamar Gear president and COO, Gary Goodyear, Member 
of Parliament for Cambridge, Ontario, Canada and Paul Bunnaman, 
plant manager at Linamar Gear.

Lenze 

O P E N S  
N E W  S A L E S  O F F I C E

Lenze opened a new 
regional sales offi ce in 
Leeds, U.K., which will be 
used for technical sales and 
local application support, 
meetings, training and 
product demonstrations. 

The new facility is 
timed to coincide with 
the new 9400 servo 
system that is being 
launched to customers in 
the offi ces at the  end of 
March. Customers can 
see demonstrations and 

presentations on the product features and machine safety, says 
Roger Purkiss, national sales manager for the U.K. 

Linamar will perform advanced gear processing 
development work in the expanded space in conjunction with 
its new R&D and training center. 

The advancement is supported by loans from the 
company, the government of Canada and the provincial 
government through the Ontario Automotive Investment 
Strategy. According to a company press release, Canada’s 
new government announced a repayable loan specifi cally for 
gear technology. 

Construction will begin this spring and is expected to 
commence by the end of 2007.

mailto:kondritz@KISSsoft.com
http://www.KISSsoft.com
http://www.geartechnology.com
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New Book 

On Shot Peening!

Topics:Topics:
introduction to peening and theory, peening intensity, effect of peening, Almen saturation curves, 
peening coverage, exposure time, trouble shooting, process documentation, masking solutions, 
workpiece fixtures, shape & size inspection of peening media, cut wire, cast steel shot, ceramic 
media, specifications, shaded strips, audits by third parties, peening equipment components, 
air & wheel peening, machinery types and application examples, hole peening, flap peening, 
peen forming, optimization of shot peening for fatigue critical applications, residual stress, XRD 

measurement, quantative characterization of the shot peening process, etc.

“Each chapter in this book is written by an acknowledged expert in the field of shot peening. 
I would highly recommend it for anyone interested in using this application to improve the 
performance of structural components, particularly those that are expected to experience 

subsequent fatigue loading.”

Prof. Lothar Wagner, Acting Director, Institute of Materials Science and 
Engineering, Clausthal University of Technology, Germany

MFN is a Partner in Education in Nadcap
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Honda
B E G I N S  P R O D U C T I O N  A T  
C H I N E S E  P L A N T

Production began on March 8 at the new Honda Auto Parts 
Manufacturing Co. Ltd. (CHAM) plant in Nanhai Industrial 
Park District, Foshan City. The company is wholly owned by 
Honda. 

CHAM will manufacture powertrain components 
including automobile transmissions, which will be supplied 
to Honda’s automobile production joint venture operations in 
China. 

With the annual production capacity of 240,000 units 
(transmissions), the new plant will initially accommodate 
machining and assembly of transmissions and drive shafts 
as well as machining of crankshafts and connecting rods for 
engines. 

According to a press release, the company is planning to 
add the machining of gears as well as production of control 
parts. Both key, high-value transmission components are 
currently supplied from Japan. 

In China, Honda manufactures automobiles with three 
joint venture companies: Guangzhou Honda Automobile 
Co. Ltd., Dongfeng Honda Automobile Co. Ltd., and 
Honda Automobile (China) Co. Ltd., which manufactures 
automobiles for export. 

The combined annual production capacity has now 
reached 530,000 units—360,000 units at Guangzhou Honda; 
120,000 units at Dongfeng Honda; and 50,000 units at Honda 
Automobile (China). CHAM is Honda’s fourth integrated 
automatic transmission production plant in the world 
following operations in Ohio, Georgia and Indonesia.

P&F Industries
B U Y S  H Y - T E C H  M A C H I N E  F O R  
A P P R O X I M A T E L Y  $ 1 6 . 9  M I L L I O N

P&F Industries, Inc. announced that, through a newly 
formed subsidiary, it has acquired substantially all of the 
assets comprising the business of Hy-Tech Machine, Inc., a 
Pennsylvania manufacturer and distributor of pneumatic tools 
and parts for industrial applications. 

In addition, the company acquired substantially all of the 
assets of Quality Gear & Machine, Inc., an entity related to 

http://www.mfn.li/books
mailto:info@mfn.li
http://www.mfn.-Trade
http://www.mfn.-Trade
http://www.mfn.-Trade
http://www.mfn.li/workshops
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Ikona Gear 

S H I P S  M U D  P U M P  D R I V E  T O  
N O R T H  A M E R I C A N  C U S T O M E R S

Ikona Gear made its fi rst commercial shipments of its new 
Mud Pump Drives (MPD) to major oil and gas companies 
in Canada and the U.S. According to the company’s press 
release, it is in the fi nal stages of equipping its new oil and gas 
product assembling facilities in Coquitlan, British Columbia 
and intends to expand the MPD production over the coming 
months. The company says the MPD 1100 Series 1- and 2-
speed mud pumps sell for approximately $45,000. 

In March, Ikona plans to begin shipments of its $500,000 
Draw Works (DW) products. 

A drilling rig requires at least one MPD and one DW. 
Mud pump drives facilitate the desired speed and power of 
the drilling rig mud pump and produce the required fl ow and 
pressure for powering the drilling head. 

“With our new oil and gas product assembly facility 
capable of producing more than $30 million in sales, we are 
highly focused on rapidly building our oil and gas customer 
base,” says Laith Nosh, Ikona’s CEO and president. “The 
incorporation of our proprietary gear technology allows our 
mud pump drives to be designed lighter and more compact 
than competitive equipment with a comparable rating. A key 

Hy-Tech and a supplier of component parts to Hy-Tech and 
others. The aggregate purchase price for these two businesses 
consisted of $16.9 million in cash, the assumption of certain 
payables and liabilities and the obligation to make certain 
contingent payments. The company also acquired certain real 
estate from HTM Associates, an entity related to Hy-Tech, 
for $2.2 million in cash. This acquisition will be immediately 
accretive to earnings. 

The newly acquired business is headquartered in Cranberry 
Township, PA and maintains a component manufacturing 
operation in Punxsutawney, PA. Hy-Tech reported $14 
million in revenues in 2005. Certain members of management 
and other employees of Hy-Tech will remain active in the 
operations of the business. 

P&F Industries, Inc., through its three wholly owned 
operating subsidiaries, Florida Pneumatic Manufacturing 
Corp., Continental Tool Group, Inc., and Countrywide 
Hardware, Inc., manufactures and/or imports air-powered 
tools sold principally to the industrial, retail and automotive 
markets, as well as various residential hardware.

http://www.geartechnology.com
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benefi t of Ikona’s lighter, more compact MPD design is the 
reduction of downtime when moving a rig between drilling 
locations.”

Gleason
O P E N S  T H I R D  O P E R A T I O N  I N  C H I N A

Gleason Corp. announced in April the grand opening and 
dedication of Gleason Gear Technology (Suzhou), Co., Ltd. in 
Suzhou, Jiangsu Province, China. 

The dedication of the new facility took place in April and 
was attended by approximately 100 customers, suppliers, trade 
associations, and local government and other organizations. 

According to Gleason’s press release, the new 2,100 square 
meter (22,600 sq. ft.) facility will initially focus on meeting 
Chinese domestic demand and producing the Genesis 130H 
gear hobbing machine. The fi rst 130H built in Suzhou was 
exhibited last month at the China International Machine Tool 
Show (CIMT) in Beijing. GGTS employees have been hired 
and trained at Gleason's headquarters in Rochester, NY.

In April, Gleason Sales (China) in Beijing, the sales and 
service arm of Gleason, celebrated its 20th anniversary. In 
2005, Gleason formed a joint venture company, Gleason Yi 
Gong (Harbin) Cutting Tools Co., Ltd., to produce precision 
cutting tools in Harbin, China. “Gleason Gear Technology 
(Suzhou) is a logical extension of our strategic plan to bring 
Gleason technology to this important market, but with the level 
of service and support that only a local presence can provide,” 
says John J.Perrotti, president and CEO of Gleason Corp.

Wall Colmonoy
 E X P A N D S  A E R O S P A C E  F A C I L I T Y

The Aerospace Technologies Group of Wall Colmonoy 
Corp. in Oklahoma City, OK, completed a plant expansion 
with the addition of a new 7,800 square foot building. The 
building will be used to inventory and prepare raw materials 
as well as house their shipping department.

As part of the plant expansion, Wall Colmonoy installed a 
new water jet machine to cut stainless steel components used 
in the aerospace and heat exchanger products manufactured at 
their facility. According to the company’s press release, this 
dual-cutting-head machine has a bed size of 13' X 6'. 

The portable pitch measuring instrument ES 4100 offers  
an extremely exact method of measurement. 
A high degree of operational convenience is possible by the  
built in processing of the measured data and the tilt and  
Swivel display touch-screen. ISO, DIN or AGMA standards  
evaluation software. The measurements can be stored and  
printed out on an external PC.  

  Portable CNC gear pitch tester ES 4100 

Donner + Pfister  AG 
Switzerland   Tel:+41554402032 
www.dpag.ch       info@dpag.ch 

http://www.dpag.ch
mailto:info@dpag.ch
http://www.shotpeener.com/EI/tsp/index.html
http://www.geartechnology.com
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Aero Gear Inc.
1050 Day Hill Rd., Windsor, CT 06095
Tel: (860) 688-0888
Fax: (860) 285-8514

For more information, contact:

email: buygears@aerogear.com  •  www.aerogear.com

• Precision carburized gears,
housings and gearbox

assemblies

• Flowline production

• In-house heat treating

• Supplier to leading
aerospace
manufacturers

• Tolerances to AGMA
Class 12

AG Eng ad 1 4c Gear Tech 07  3/28/07  3:47 PM  Page 1

www.James-Engineering.com
4732 Pearl Street, Boulder, CO 80301

Ph. (303) 444-6787   Fax (303) 444-6561

4 Deburring Models!
462 Bench top 
562 Enclosure with dust control
762 Large gear enclosure (40" dia.)
962 Fully automatic system (3,500 parts per day)

We now offer 
wet 

deburring!!

Factory Direct Sales

462 562

Gear Deburring

Monnier + Zahner
B U Y S  L A M B E R T - W A H L I

In December 2006 Meyco Holding, the parent company of 
Monnier + Zahner AG, completed the purchase of Lambert-
Wahli AG, a manufacturer of fi ne pitch gear hobbing and 
worm milling machines located in Safnern, Switzerland. 

According to the company’s press release, operations at 
Lambert-Wahli shall be continued as before, with the same 
staff. 

Roland Waelti, managing director of Monnier + Zahner 
AG, was appointed the new managing director of Lambert-
Wahli AG as well. 

Koepfer America, located in South Elgin, IL is the North 
American representative for both Lambert-Wahli AG and 
Monnier + Zahner AG. 

Monnier + Zahner AG is also a manufacturer of quality 
gear hobbing and worm milling equipment in Safnern, 
Switzerland.

http://www.geartechnology.com
mailto:buygears@aerogear.com
http://www.aerogear.com
http://www.James-Engineering.com
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SERVICE

Finally! A Basic School for Non-Experts!

Do you have people who are new to GEARS?

Do your production people need to
know more about GEARS?

Cole Manufacturing Systems, Inc offers a beginning
gear training course designed to your exact needs.

• Terminology of Gears
• Gear Functions and Basic Formulae
• Manufacturing Methods Inspection Methods
• Interpretation of Inspection Data
• Applying Inspection to Correct Problems

The course can be on-site, in your plant or training facility
or off-site at a nearby facility. We come to you! 

(248) 601-8145  FAX (248) 601-0505
Email: dsmith@colemfgsystems.com  www.colemfgsystems.com

Superior Grinding Wheels
for Today’s Technology

tel: (847) 888-3828
fax: (847) 888-0343
reishauer-us@reishauer.com
www.reishauer.com

Large Inventory
of Blanks
275-400mm OD
84-125mm widths
Fast Delivery
Orders in by noon 
ship next day

Pre-Profi le
“On or Off” fl ange for 
precise, fast service

For Most 
Generating Grinding
Machines

AGMA 
School for 

Gear Manufacturing
Conducted by

Gear Consulting Group
UPCOMING CLASSES

Liebherr America
Saline, MI

June 11 thru 13, 2007

Perry Technology
Hartford, CT

Oct 15 thru 17, 2007
For further information on these 

and other classes contact:

www.gearconsulting@aol.com
Ph: (269) 623-4993

Gear Consulting Group 
P.O. Box 647, Richland, MI 49083

www.gearconsultinggroup.com  •  www.agma.org

SERVICING FELLOWS GEAR SHAPERS
On Site Service: Emergency & Scheduled
Technical Support: Via Telephone, Fax or E-mail
Training: Operator, Set-up & Maintenance (Electrical 
& Mechanical)
Preventive Maintence Plan: Customized to Your Needs
Parts: New and/or Used
Retrofi ts - Counters, Servo Controllers, or Single and 
Multiple Axis CNC
Hydrostatic Guides: Repair Service or Purchase New

Allen Adams
SHAPER SERVICES, Inc.

98 Winery Road
Proctorsville, VT 05153
Telephone: 802-226-7891
Fax: 802-226-7892
E-mail: shaperservices@tds.net

We’veMoved

HEAT TREATING

Phone: 216.431.4492
Fax: 216.431.1508

Induction Hardening
Specialists in tooth by tooth contour

hardening of internal
spur, helical and bevel gears.

Our gear hardening equipment  includes 

5 NATCO submerged process machines and

5 AJAX CNC-controlled gear scanning 

machines. Tooth by tooth gear hardening 

from .5DP-10 DP, up to 15 tons, 200" diameter.

Breakdown Service Available
americanmetaltreating.com

IBC Coatings Technologies Inc.

Contact: Solomon Berman
E-mail: ������������������������� 

902 Hendricks Dr  •  Lebanon, IN 46052
         Ph: 765-482-9802
         Fax: 765-482-9805

        www.ibccoatings.com

IBC Coatings Technologies is a leading 
supplier of the following services 

to the gearing industries

• Vacuum Heat Treat & 
 Vacuum Carburizing
• ION Plasma Nitriding
• PVD Coatings

IBC offers a full metallurgical lab to 
assist in research and development of 

today’s highly technological applications

IBC Coatings Technologies INC is ISO 9001:2000 certified.

mailto:dsmith@colemfgsystems.com
http://www.colemfgsystems.com
mailto:us@reishauer.com
http://www.reishauer.com
http://www.geartechnology.com
http://www.gearconsulting@aol.com
http://www.gearconsultinggroup.com
http://www.agma.org
mailto:shaperservices@tds.net
http://www.ibccoatings.com
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GEAR MANUFACTURING

C
G C

C I R C LE

G E A R  C O

Circle Gear and MachineCircle Gear and Machine

Manufacturing 
ALL TYPES of custom gears

Spiral Bevels, Straight Bevels, Spurs, Helicals, Spiral Bevels, Straight Bevels, Spurs, Helicals, 
Worm and Worm Gears, Herringbones, Racks, 
Splines, Internal Gears, Sprockets, Ratchets

Tooth Cutting, Grinding &
Shaving services available. 

1501 South 55th Ct. • Cicero, IL 608041501 South 55th Ct. • Cicero, IL 60804
Ph: 708-652-1000  •  Fax: 708-652-1100Ph: 708-652-1000  •  Fax: 708-652-1100

www.circlegear.com

Due to customer demands, we have expanded our 
Straight Bevel ability and added Spiral Bevels to our 
capabilities. Our capacities are constantly expanding, 

so please forward your specifi c requirements for 
a prompt, competitive quotation.

Quality Custom Gearing Since 1951

Please fax your inquiries to Dennis Garthus

WHEN IT HAS TO BE RIGHT

• Gear Grinding to 94"
• Industrial Gears to 250"
• Turbo Compressor Gears
• Custom Drives
• Spline Broaching
• Gear Metrology 
• Stock Planetary Speed ReducersStock Planetary Speed Reducers

RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR

ISO-9001

www. theg. theg earworks .com

Custom Gear Services Since 1946

The Gear Works—Seattle, Inc.
500 S. Portland Street
Seattle, WA 98108-0886
Phone: (206) 762-3333
Fax: (206) 762-3704
E-mail: sales@thegearworks.com 

BEST LITTLE GEAR 
SHOP IN THE WEST
Custom Gear Manufacturing

A
Responsive

Quality Minded
Company

Specializing 
in fl ight hardware 

and 
“those tough jobs”

We eat stainless steel for lunch!
• Spur
• Splines
• Helical
• Worm Gears 

• Racks
• 5 Axis CNC Hobbing
• CNC Turning/Milling
• AGMA Q11

TEK Engineering
193 W. Park Row Ave., Ventura, CA 93001

Ph: 805-641-2505  Fax: 805-641-2210
www.tekengineering.com

Learn about one of the most modern
fleets of Gear Grinders, including the
Höfler 700 and Gleason Tag 400 at Oliver
Gear.r.r See the latest Reishauer and Kapp
Gear Grinding technology,y,y at ISO 9001- 
2000 registered Nixon Gear,r,r as well as
the latest in CNC Gear Hobbing and cell-
ular manufacturing.

PH: (315) 488-0100
www.gearmotions.com

                        Gear Grinding 
           and Cutting Services
Gear Motions’ two manufacturing locations are 

leading suppliers of custom cut and ground spur and 
helical gears. Made complete or to your blanks.

GEAR MOTIONS, INC.
An Employee Owned Company

PH: (315) 488-0100
www.gearmotions.com

Gear Grinding 
 and Cutting Services

GEAR MOTIONS, INC.
An Employee Owned Company

�

�

•  Helical Gears to 24"
•  Internal Spur Gears to 36"
•  External Spur Gears to 42"
•  Couplings
•  Gear Grinding to 28"
•  Internal & External Gear Shaping
•  CNC Crown Hobbing and Shaving
•  Broaching
•  Spline Grinding

Are your gearing needs holding up comple-
tion of your project? Can your current gear 
source take your project from purchase 
order to delivery in days versus weeks? At 
Riverside Spline & Gear this is not 
impossible, this is normal operating 
procedure. We invite you to try Riverside 
Spline & Gear for your next gearing needs, 
but we have to warn you that you may never 
go back to waiting 10 weeks for a gear again.

P.O. Box 340  •  Marine City, MI 48039
P: (810) 765-8302  •  F: (810) 765-9595

A Tradition of Quality Since 1963

 NEED YOUR GEAR NOW ?

valerief@splineandgear.com
www.splineandgear.com

ISO 9001:2000 Registered

WE ARE YOUR JOB SHOP 

PRECISION GROUND
Spur, Helical and Pump
Gears to AGMA Class 15
Featuring the latest CNC grinding
and process technologies including:

 • Gleason 245 TWG CNC, Direct   
 Drive High Speed Grinding

 • Gleason TAG 400 CNC, 8-axis
 High Production Grinding
• Reishauer RZ300E High Precision
 Electronic Grinding

 • Full CNC Multi-axis Cylindrical  
 Grinding (Internal and External)

 • High Speed CNC Gear Hobbing
 • Continuous Process Improvement

 Utilizing SPC and Quality Planning
 • JIT Delivery via Stocking Programs

800-447-2392
Fax: 716-874-9003
www.niagaragear.com
email: info@niagaragear.com

http://www.circlegear.com
http://www.gearmotions.com
http://www.geartechnology.com
mailto:sales@thegearworks.com
http://www.tekengineering.com
mailto:valerief@splineandgear.com
http://www.splineandgear.com
http://www.niagaragear.com
mailto:info@niagaragear.com


www.geartechnology.com     May  2007     GEARTECHNOLOGY   71

PTE – Power Transmission Engineering

The new magazine from Randall Publishing, Inc. is designed for 
designers, buyers and users of power transmission components or 
products that include them. If you design, buy or use products that 
rely on gears, bearings, motors, clutches, speed reducers, couplings, 
brakes, linear motion or other power transmission components, 
then Power Transmission Engineering is for you.

We’re taking the same editorial  approach with Power 
T r a n s m i s s i o n  E n g i n e e r i n g  t h a t  w e  t a k e  w i t h  G e a r 
Technology. That is, we’ll provide the best technical arti-
c les  and latest  industry  and product  news—informa-
tion that’s practical and useful for design engineers, plant 
maintenance and engineering professionals, purchasing agents and 
others involved with power transmission products.

Power Transmission Engineering will be 
published six times (6X) in 2007, twice in print 

and four times electronically.

The next print issue of Power Transmission Engineering 
will be delivered in Fall, 2007 

so don’t miss it! 
Sign up today!

www.powertransmission.com/subscribe.htm

INTRODUCING

w w w . p o w e r t r a n s m i s s i o n . c o m  

Products
• High Capacity
 Bearings 

• Plastic 
 Couplings

• Servo Drives

powertransmissionengineeringpowerpowertransmissionengineering
PTE SPRING 2007

Features
• PTDA Brings

Industry Together

• Replacing Motors,
Counting Savings

http://www.powertransmission.com/subscribe.htm
http://www.geartechnology.com
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Tell Us What You Think . . .
• Rate this article  • Make a suggestion

Send e-mail to 
wrs@geartechnology.com

Or call (847) 437-6604 to talk to 
one of our editors!

As a retired industrial wrecker, Tom 
Every, a.k.a. Dr. Evermore, has a col-
lection of gears that would rival many 
small warehouses. Instead of building 
a page on E-bay, Every decided it was 
time to find a home for some of his 
gears.

He did exactly that, but rather than 
fill up his own garage with the gears, 
he started building sculptures that con-
tained gears by the ton in 1983. Housed 
in North Freedom-Baraboo, WI, behind 
a surplus store, Every’s industrial sculp-
ture site is a must-see for every avid 
road tripper and gear lover.

Most well-known is “The 
Forevertron,” which he calls a mechan-
ical fantasy and a testement to the 
Industrial Revolution. Weighing in at 
400 tons, the sculpture is dotted with 
gears that are both functional and deco-
rative. Every hopes that, in hundreds 
of years when archeological specialists 

uncover his creation, they’ll come away 
with a new appreciation for gears.

“I love gears and would never dis-
tort one,” he says. “They represent an 
energy point. If I want to accent a point 
of motion, I use a gear as an additive. 
For instance, I made one small sculp-
ture of a bird and used a gear on the 
breast plate to demonstrate its move-
ment.”

Most of Every’s gears came from 
the world’s largest paper mill manufac-
turer and old Milwaukee breweries that 
he demolished. 

“Some of these gears cost thousands 
of dollars to make. I loved those little 
machine shops that made the gears and 
wanted to honor them,” he explains as 
motivation behind his unconventional 
retirement occupation. 

His creations are unmarked, so 
you’ll need to talk to Dr. Evermore 
himself to learn the significance, but 

One Man’s Junk = Fellow Gear Lover’s Treasures

it’s definitely worth driving a few miles 
off the beaten path to meet a fellow 
lover of gears.

Every’s sculptures are located at:
US Highway 12
North Freedom-Baraboo, WI 
(Across the highway from the 
Badger Army Ammunition Plant and 
behind Delaney’s Surplus.)
Phone: (608) 643-8009

Photos are printed with the permission of the Milwaukee Journal Sentinel.Milwaukee Journal Sentinel.Milwaukee Journal Sentinel
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Machine and Gear CorporationMachine and Gear Corporation

CUSTOM 
BEVEL GEAR MANUFACTURING

Per Your Specifications and/or Sample
Providing Inverse Engineering to Make a Clone of Your Sample

· Spiral Bevel Gears: 66" PD Spiral Bevel Gears: 66" PD Spiral Bevel Gears: 66" PD

· Straight Bevel Gears: 80" PD Straight Bevel Gears: 80" PD Straight Bevel Gears: 80" PD

· Spurs Helicals Spline Shafts Spurs Helicals Spline Shafts Spurs Helicals Spline Shafts

· Gearbox Repair/Rebuilds Gearbox Repair/Rebuilds Gearbox Repair/Rebuilds

· In-House Steel Material  In-House Steel Material WarehouseWarehouse

· Full Heat Treating Services Full Heat Treating Services Full Heat Treating Services

· EDM Wire Burning EDM Wire Burning

BREAKDOWN 
SERVICES

4809 U.S. Highway 45   Sharon, TN 38255
Toll Free: (800) 238-0651   Ph: (731) 456-2636   Fax: (731) 456-3073

E-mail: inquiry@brgear.com  Internet: www.brgear.com

Family owned and operated since 1974

mailto:inquiry@brgear.com
http://www.brgear.com
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