
www.geartechnology.com The Journal of Gear Manufacturing

August  2009

TECHNOLOGYGEAR

THE GEAR INDUSTRY’S INFORMATION SOURCE

July 2009

TECHNOLOGYGEAR

Quality &
Inspection

Features
• Gear Metrology Soft- 
 ware Better Than Ever

• Global Wind Turbine  
 Gearbox Standards— 
 a Primer

Technical 
Articles
• Enhanced Benefi ts  
 of Elemental Gear  
 Inspection

• Manufacturing 
 Microgeometry 
 Variations 

Plus
• Addendum: “The  
 Clock of the Long  
 Now”

www.geartechnology.com The Journal of Gear Manufacturing

25 
YEARS
1984-2009

Productivity

Features

• Lean Strategies 
 for Lean Times

• Gear Expo 2009—
 All Roads Lead to Indy

Technical Articles

• How Axle Defl ection 
 and Tooth Flank 
 Modifi cation Affect 
 Gearing

• CFD Analysis of 
 Gearbox Windage   
 Loss     

Plus

• Addendum: Gears 
 and Sweet Science

THE GEAR INDUSTRY’S INFORMATION SOURCE

http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.geartechnology.com


Surf’s up!
   at star-su.com    

star-su.com
Download more than 70 product brochures 

and 30 machine Quick Quotes.

Access technical articles and product news.

Sign up to receive our e-newsletter.

Star SU LLC �������������������������������������������������������������������������������������

Visit us

Booth #741

http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgihttp://www.star-su.com
http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgihttp://www.star-su.com


www.geartechnology.com     July  2009     GEARTECHNOLOGY 00

   and bourn-koch.com

bourn-koch.com
Download more than 20 product brochures 

and machine Quick Quotes.

Access technical articles and product news.

Find parts and service information for 
25 machine lines.

F I N D I N G  W H AT  YO U  N E E D  D O E S N ’ T  H A V E  T O 

B E  A  W I L D  R I D E  O R  A  C O M P L E T E  W I P E O U T. 

S U R F  O U R  C O M P R E H E N S I V E  W E B  S I T E S  F O R 

T H E  M O S T  C O M P L E T E  L I B R A R I E S  O F  M A C H I N E 

T O O L  T E C H N O L O G Y  I N  N O R T H  A M E R I C A .

http://www.geartechnology.com
http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.bourn-koch.com
http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.bourn-koch.com


August 2009

Steadfast 
and 
Streamlined:

23

Can Lean Soften the 
Economic Blow? 

Gear Expo: 
The Show of 
Shows for 
All Things Gearing
Show and 
Fall Technical 
Conference Make 
for a Can’t-Miss 
Event.

FEATURES

39 Effects of Axle Deflection and Tooth 
Flank Modification on Hypoid Gear 
Stress and Contact Fatigue Life
An approach to validating FEA-predicted axle 
system deflections.

CFD Technology for Rotorcraft 
Gearbox Windage Aerodynamics 
Simulation
An unstructured overset moving mesh CFD 
method is explained, with emphasis on predicting 
windage losses. 

 48

TECHNICAL ARTICLES

C  O  N  T  E  N  T  S
TECHNOLOGYGEAR

2   GEARTECHNOLOGY     August  2009     www.geartechnology.com

30

Figure 4. Pore structure of a surface
densified gear tooth made of Astaloy

CrL+0.2C, with 7.4 g/cm3 core density and
densified depth of 0.3 mm
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and system suppliers from around the 
world, who brought many years of 
experience with this application to the 
meetings. 
 A wind turbine is one of the—if not 
the most—demanding applications for a 
gearbox. It requires a relatively small, 
compact, high-power-density gear 
drive and electric generator to transmit 
fl uctuating loads in a very demanding 
environment of defl ections, high 
vibration and temperature extremes.
The present standard applies to 
gearboxes for wind turbines with power 
capacities ranging from 40kW to 2MW 
and higher. It applies to all parallel-
axis, one-stage epicyclic and combined 
one-stage epicyclic and parallel-shaft 
designs. It provides requirements on 
specifying, designing, manufacturing, 
operating and monitoring reliable wind 
turbine gearbox systems. Some of the 
more comprehensive gear application 
sections include:
 • how the system loads and   
  environment shall be specifi ed  
  and gear capacity calculated;
 • manufacturing, inspection,   
  testing and documentation 
  requirements;
 • advanced gear tooth contact   
  analysis and verifi cation;
 • extensive information on   
  the application and capacity 
  of rolling element bearing types;
 • lubricant and lubrication system  
  requirements.
 In addition, annexes supply in-
formation on wind turbine architecture; 
wind turbine load description; quality 
assurance; operation and maintenance; 
minimum purchaser and gearbox 
manufacturer ordering data; and 
lubrication selection and condition 
monitoring.
 The revised standard at its present 
stage of development has updated all 
the sections of the original document, 
plus some additions and modifi cations, 
as follows:
 • scope changed to cover drive-
  trains with a power rating in   
  excess of 500 kW;
 • sections on design lifetime   
  and reliability, design process,

   wind turbine load calcula-
  tions, gearbox components,
   design verifi cation valida-
  tion, operation, service and   
  maintenance requirements;
 • new annex material.
 It can easily be imagined that the 
size of this document has increased 
substantively. 
 At this stage, it is hard to determine 
exactly what will be retained after 
the three ISO/IEC ballot stages are 
completed, which could take two to 
three years—or more—if additional 
changes are incurred. In the meantime, it 
is believed that the advent of the ANSI/
AGMA/AWEA standard has improved 
gear reliability. However, bearings still 
seem to need additional work.
Standards Making
 The development and balloting 
of both ISO/IEC and AGMA/ANSI 
standards is a consensus process. 
However, individual positions may be 
expressed that can enhance the contents. 
Members of AGMA develop new—and 
continue to revise—the many standards 
and information sheets. They are also 
responsible for determining the U.S. 
position on ISO standards. AGMA 
standards development has relied heavy 
on the actual experience of gear system 
performance in related applications, 
whereas some others are based on 
theoretical and laboratory research 
data.

(Bill Bradley was vice president of 
AGMA’s Technical Division and 
currently serves as a technical editor 
for Gear Technology. As a consultant, 
he can be reached at (303) 350-9374, or 
via e-mail at billb111@att.net.) 
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Let’s face it. It’s been a bummer 

of a summer economically speaking. 
Orders have been cancelled, and many 
in our industry have been forced to cut 
back, slow down or shut down, either 
temporarily or permanently. 

It doesn’t seem like the ideal time 
for a trade show, does it? But Gear 
Expo is coming to Indianapolis 
September 15–17, and there are plenty 
of good reasons to go:

1. Y o u  C a n  N e v e r  S t o p 
Learning. I’ve said this before, and 
I’ll say it again. At Gear Expo, you 
will find the greatest collection of gear 
knowledge assembled under one roof.  
If you attend the show, you’ll have the 
opportunity not only to see the latest 
technology, but to talk to the people 
who design, manufacture, sell, install, 
service and repair gear manufacturing 
equipment. You’ll also have access to 
the experts in cutting tools, heat treat-
ing, inspection and every aspect of gear 
manufacturing and processing. 

2. N e w  T e c h n o l o g y  f o r 
Invigorating Your Business. We’ve 
heard from a number of exhibitors who 
will be demonstrating new technol-
ogy at the show. You can get a sneak 
peek at some of this technology by 
reading our pre-show coverage starting 
on page 30 and by reading next issue, 
but to get the full benefit, you have 
to go to the show, kick the tires, talk 
to those experts and find out how the 
changing technology can benefit you. I 
promise you this: There are solutions at 
Gear Expo that can help your company 
improve its gear manufacturing opera-
tions. 

3. Time Is on Your Side. I don’t 
want to insinuate that you have nothing 
better to do, but when business is slow, 
there probably isn’t a line of custom-
ers waiting for their orders to be filled 

or phone calls to be returned. I know 
some of you are probably doing twice 
the work in order to save your com-
pany money, but when business is real-
ly good, you’re probably tempted to 
say you can’t afford to get away. Turn 
this lull into an opportunity—make the 
most of what Gear Expo has to offer.

4. Bonus Learning at the 
Fall Technical Meeting. AGMA’s 
Fall Technical Meeting takes place 
September 13–15, with the last day 
overlapping the first day of Gear Expo. 
Almost 20 papers are scheduled to be 
presented on gear design, manufactur-
ing, inspection, heat treating, materials 
and applications. For a full description 
of the Fall Technical Meeting, see page 
34.

5. The Heat Treating Show. 
Gear Expo 2009 is co-located with the 
Heat Treating Society Conference and 
Exhibition. If heat treating processes 
are part of your operations, or if you 
send parts out for heat treating, more 
than 180 additional exhibitors will be 
available at the show next door.

6. Did I Mention Learning? In 
addition to AGMA’s Fall Technical 
Meeting, there will be a number of 
additional seminars held at the same 
time. Presented by AGMA, SME and 
ABMA, these events require a sepa-
rate admission but provide plenty of 
extra learning opportunities. AGMA 
will present a seminar on the wind 
turbine supply chain, as well as the 
classroom portion of the “Basic 
Course” of its Training School for Gear 
Manufacturing. ABMA will present 
“Why Bearings Fail,” and SME will 
hold a two-day Gear Manufacturing 
Conference, featuring 14 presentations 
from industry experts. Gear Expo pres-
ents a unique opportunity to spread 
knowledge throughout your organiza-

tion. Owners, managers, engineers and 
productions workers—everybody in 
your gear-related operation can become 
a more valuable employee by taking 
advantage of the learning opportunities 
at Gear Expo.

7. Networking .  Everybody 
who’s anybody in the gear industry is 
going to be at Gear Expo. You’ll have 
the chance to meet your peers, discuss 
common problems and explore new 
opportunities. Nothing beats face-to-
face communication.

8. Indianapolis. Indianapolis 
has many advantages over other loca-
tions where Gear Expo has been held. 
Indianapolis is within driving distance 
for much of the American gear man-
ufacturing industry. Chances are, a 
bunch of you can hop in a car and see 
what the show has to offer. The last 
time the show was held in Indianapolis 
was 1995, and it was one of the best 
shows ever, both for attendance and for 
the overall amenities the city provided.

9. There are Deals to Be Had. 
All of the exhibitors are eager for your 
business. It’s been a slow year for them 
too. If you have the ability to invest 
in new equipment and your business 
could benefit from the latest technol-
ogy—and you want a great deal—this 
is the right time.

10. Free Espresso and Coffee. 
Once again, Gear Technology will have 
its coffee bar. Along with Goldstein 
Gear Machinery, we will be serving 
free espresso and cappuccino. Stop by 
and see us at booth #1241.

Michael Goldstein, 
Publisher & Editor-in-Chief
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Mitsui Seiki 
Machines 
CUT SPIRAL BEVELS

Several customers of Mitsui Seiki 
USA have reported success cutting 10–
14 class ring gears in low- to mid-vol-
ume applications, such as for aerospace 
and power generation, using CNC ver-
tical and horizontal machining cen-
ters. The company’s Vertex machine 
is capable of cutting ring gears up to 
16 inches. A gear making model of the 
machine features a trunnion table for 
the finish turning operations.

“This machine can turn the gear 
faces, the final profile of the internal 
bore and generate the gear teeth,” says 
Mark Speier, sales engineer at Mitsui 
Seiki. 

On the HU80A-5X, one of Mitsui 
Seiki’s largest five-axis centers, cus-
tomers are manufacturing gears up to 
35 inches. “One of the benefits of pro-
ducing gears on that machine is that 
the relative gearboxes or gear cases, 
and even reduction gearboxes, can also 
be processed on this one machine,” 
Speier says. “The gear housing is a 
critically precise piece. The accuracy 
of both parts has a direct correlation to 

“Plus, this application may enable our 
current gear making customers to get 
more use out of their Mitsui Seiki five-
axis machining centers. Our knowledge 
base is growing exponentially in this 
area.”

The Mitsui Seiki machines wouldn’t 
be cutting gears successfully without 
the software. The company has part-
nered with Mastercam developers CNC 
Software, Inc. in this venture for gen-
erating the tool paths for spiral bevel 
gear cutting.

For more information:
Mitsui Seiki USA, Inc.
563 Commerce Street
Franklin Lakes, NJ 07417
Phone: (734) 922-2706
www.mitsuiseiki.com

the transmission performance over the 
life of the motor. The end product reli-
ability is a positive factor, too. Further, 
the gear is mounted flat and then turned 
up 90 degrees—or another angle—so 
that the end mills can cut at the opti-
mum attitude to the gear profile. This 
results in excellent roughing efficien-
cies. For finishing, the ball nose end 
mills generate the final profile before 
heat treating.”

Initially, Mitsui Seiki experimented 
in gear cutting by cutting the teeth, 
roughing and semi-finishing operations 
before heat treating. By adding turn-
ing operations to the Vertex machine, 
all the operations’ accuracies have 
improved through the single setup. 
Turning is not yet available on the 
HU80A-5X, but Mitsui Seiki expects it 
will be in another six months.

“The traditional gear cutting 
machines may run faster; however, 
[with] the tooling economics, improved 
accuracy through one-setup machining 
and improved process control, the over-
all cost may be advantageous, especial-
ly in low volume runs,” Speier says. 

The Vertex five-axis machine cuts spiral gears up to 16 inches.

The HU80A-5X horizontal machining 
center cuts gears up to 35 inches by 
mounting the gear flat and then turn-
ing it up in an angle, so the end mills 
can cut at the best attitude to the gear 
profile. 

http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.geartechnology.com
http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.mitsuiseiki.com
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the Hexagon Metrology group since the 
last major release of PC-MIS. The…
machine tool probe integration with 
PC-DMIS NC for CNC machine tools PC-DMIS NC for CNC machine tools PC-DMIS NC
is one of the most significant.”

The PC-DMIS CMM is considered PC-DMIS CMM is considered PC-DMIS CMM
the core product of the 2009 upgrade. 
It is used mostly on automated CMMs 
and is now equipped with functional 
and visual improvements. One new 
feature is the protected mode execu-
tion, a run-only mode with password 
protection against any editing, pro-
gram changes or reports. This feature 
is designed for companies that have 
a library of programs and don’t want 
operators altering them, like those with 
medical certification requirements.

The PC-DMIS Vision upgrade fea-
tures a MultiCapture technology that 
automatically locates several features, 
such as holes, slots and edges within 
the same view field and measures them 
simultaneously. It functions as the 
default setting for the software and can 
typically improve measurement pro-
ductivity by 35 percent. Vision includes 
a feature that allows operators to adjust 
RGB pixels, so for a colored part with 
edges that are difficult to detect on a 
grayscale, users can increase the con-
trast and detect edges more clearly.

The visual programming improve-
ments allow users to see specific move 
paths before and after a chosen feature; 
visualize and animate the machine’s 
working volume within a model view; 
and observe translucent clearance 
plane. The grid view was expanded, so 
points are defined at any cross section 
automatically. 

Support for geometric dimension-
ing and tolerancing is improved in the 
2009 upgrade. It includes support for 
ASME and ISO and more options. 
Measurement capabilities for non-
contact 3-D laser probes include laser 
stripe display, measured features and 
points. Laser hole measurement is also 
a new feature.

The PC-DMIS 2009 is available 
with new machines under the brand 
banner of Hexagon Metrology, Brown 
and Sharpe, DEA, Leitz and Sheffield. 
It can be retrofitted as a software 
upgrade for most other CMM makes 
and models. Existing customers who 
have current software maintenance 
agreements are eligible for a free 
upgrade.

Wilcox also recently introduced the 
PC-DMIS Reshaper software module, PC-DMIS Reshaper software module, PC-DMIS Reshaper
which is a standalone product and is 
not included in the 2009 upgrade; how-
ever, Wilcox has future plans for it to 
be available in the core product suite 
eventually. The Reshaper is a program Reshaper is a program Reshaper
designed for 3-D point-cloud process-
ing. It collects and imports 3-D point 
data for manipulating and processing in 
downstream processes, like CAD mod-
eling, CAM or rapid prototyping.

PC-DMIS Reshaper collects data 
live, via direct connection to a digitiz-
ing device—a Romer portable measur-
ing arm is one example—or the soft-
ware collects data offline through file 
import. It is compatible with more than 
a dozen 3-D data file formats, includ-
ing STEP, IGES, ASCII, DXF, DMIS, 
ISO and RAW.

The Reshaper quickly converts 
cloud to mesh with proprietary poly-
gon organization algorithms that pro-
duce lightweight file size models. Point 
clouds can be imported without file 
size or point quantity limitations. They 
are cleaned, merged and edited from 
the user interface. Hole filling, defor-
mation and smoothing the mesh models 
are examples of further manipulation 
the Reshaper is capable of. 

“PC-DMIS Reshaper is an excellent PC-DMIS Reshaper is an excellent PC-DMIS Reshaper
package for the user who wants to do a 
relatively discrete set of tasks, namely 
collection and cleanup of point clouds, 
and quickly getting them into a format 
that can be taken to the next stage in 
the development process,” Woodbine 
says. “It has a short learning curve and 

Sold under the banner of Enterprise 
Metrology Solutions (EMS), the PC-
DMIS 2009 is the latest version of 
the CAD-based metrology software 
from Wilcox Associates, a Hexagon 
Metrology company. The upgrade 
enhances the pre-existing PC-DMIS 
CMM and CMM and CMM PC-DMIS Vision software 
while introducing PC-DMIS Planner
and PC-DMIS Reporting suites. The 
software suite also includes NC and 
Portable modules.

“PC-DMIS 2009 is a very sig-
nificant release for Wilcox,” says 
Ken Woodbine, president of Wilcox 
Associates, Inc. “Far from being simply 
an incremental release of PC-DMIS, 
2009 is the culmination of develop-
ment projects we have been working 
on for several years, and represents the 
tightest integration yet of the product 
suite. It also brings together new hard-
ware categories that have been added to 

Wilcox 
ROLLS OUT 
ENHANCED CAD 
METROLOGY 
SOFTWARE, INTROS 
STAND-ALONE 
MODULE

http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.geartechnology.com
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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

GearGearGearGearGearGearGearGearGearGearGearGearGearGearOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorldOut of ThisWorldGearOut of ThisWorld

Tooling

Mahr Gaging 
Amplifi er
PROVIDES ANALOG 
DISPLAY BENEFITS

Hexagon Metrology, Inc.
250 Circuit Drive
North Kingstown, RI 02852
Phone: (800) 343-7933, 
(401) 886-2000 
Fax: (401) 886-2727 
www.hexagonmetrology.us

is very intuitive to use. At the moment, 
PC-MDIS Reshaper is a standalone 
module, but in time, we will be incor-
porating elements of the technology 
into the core PC-DMIS product suite.”

For more information:
Hexagon Metrology Inc.
250 Circuit Drive
North Kingstown, RI 02852
Phone: (800) 274-9433
info@hexagonmetrology.us
www.hexagonmetrology.us

The number 815 electric rotary 
hearth oven, from Grieve Corporation, 
is currently being used by a customer to 
preheat various gears, usually steel and 
sometimes aluminum, before assembly 
operations. 

The dimensions of the unit’s inte-

Grieve 
Hearth Oven
STABILIZES MATERIAL 
FOR PERFORMANCE

rior measure 76" wide x 76" deep x 24" 
high. A 72" diameter rotary hearth is 
made from angle rings with 90 1-3/8" 
wide x 1-3/8" long x 3-5/8" high slots 
that hold the workpieces on edge dur-
ing processing. A 1/4 hp motor drives 
the hearth through a gear reducer with 

a torque limiting device. Each time the 
loading door is opened and closed, the 
hearth indexes one position, which sig-
nals a long dwell time.

The long cycle preheating suggests 
the customer is using the oven to stabi-
lize material by preheating it, accord-

continued
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Gear Measurement
Accuracy - Innovation - Value

GMX series class 1 Universal Gear Testers provide fast, accurate analysis for a wide range of gear and 
gear tool applications on gears with ODs up to 600 mm (23.6 in).

The Mahr Federal GMX Series systems include a motorized tailstock and a high-accuracy 3-D scan-
ning probe head. 

In addition to traditional gear analysis, the GMX series also performs form and position measurements 
as well as measurement of diameters and distances with unparalleled ease and capability.

•

•

•

Mahr Federal - let us demonstrate our complete line of dimensional gages. 
Contact:  Mahr Federal Inc., Providence, RI,

Phone 800-343-2050, Fax 401-784-3246, E-mail: information@mahr.com, Internet: www.mahr.com

FORM PRECISION LENGTHPRECISION SURFACE OPTICALSNAP AIR
GAGES GAGES GAGING MEASUREMENT MEASUREMENT MEASUREMENT MEASUREMENT

ALD-Holcroft Vacuum Technologies 
Co. Inc.
49630 Pontiac Trail
Wixom, MI 48393-2009
Phone: (248) 668-4130
Fax: (248) 624-3710
sales@ald-holcroft.com

CMM Arm 
Scanner 
Combination 
LEVERAGES 
MULTIPLE 
PLATFORMS

ing to Frank Calabrese, vice president 
for sales and marketing. The hearth 
oven can also be used, for example, to 
preheat gears prior to motor assembly, 
so they shrink fit into a shaft. The 815 
could also be used to preheat gears 
before working them into an assembly, 

Calabrese says. 
A vertical, downward airflow over 

the workload is achieved by two 2,000 
CFM, two-hp recirculating blowers. 
The 815 features special safety equip-
ment that handles flammable solvents, 
which includes a manual reset excess 

temperature controller, separate heating 
element control contactors, a 325 CFM 
powered exhauster and purge timer. 
The 815 is constructed of aluminum 
steel and has 4" insulated walls.

For more information:
The Grieve Corporation
500 Hart Road
Round Lake, IL 60073
Phone: (847) 546-8225
Fax: (847) 546-9210
sales@grievecorp.com
www.grievecorp.com

The Hydro-Grip HD is an extension 
of the Hydro-Grip tool line designed 
to perform securely in heavy roughing 
applications. 

The Hydro-Grip HD provides a 
high clamping force and torque trans-

Sandvik 
SECURES HEAVY 
ROUGHING

mailto:information@mahr.com
http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.mahr.com
mailto:sales@grievecorp.com
http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.grievecorp.com
http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.geartechnology.com
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Reliability begins 
with a cup of coffee.

olonial isn’t typical in the
BROACH INDUSTRY- our main
focus is to establish customer 
relationships that are a perfect fit
with our decades of service 
providing broaching systems 

to international companies looking for 
experience and reliability. 

The solutions we provide delivers the 
highest quality in the world at a reliable 
Lowest Cost Per Piece, GUARANTEED! 
An industry first. What do you take
in your coffee?

Relationships are built by taking the 
time to sit down with you,
and discovering what keeps 
you awake at night.

United States • Canada •  Mexico  •  1-866-611-5119 • info@colonialtool.com • www.colonialtool.com

EXPERIENCED • RELIABLE • INTERNATIONAL

C

Generic Half Island  3/25/08  9:09 PM  Page 1

Visit us

Booth #1341

mission, which benefits solid carbide 
end mill, drill and reaming tool per-
formance. The tool is equipped with 
damping features that minimize vibra-
tions during machining. 

Cylindrical shank tools are clamped 
with a symmetrical force to keep tool 
runout to a minimum and allow for the 
high torque transmission. The chucks 
are balanced to G2.5 for speed. The 
Hydro-Grip HD is based on hydrau-
lic tool clamping systems and can be 
adjusted with a torque wrench. There is 
no external equipment necessary in the 
clamping. The Hydro-Grip line of tool-
holders is used in applications ranging 
from finishing to heavy roughing bores 
from 0.236" to 1.26".

For more information:
Sandvik Coromant Company
1702 Nevins Road
Fair Lawn, NJ 07410
Phone: (201) 794-5223
Fax: (201)794-5217
www.coromant.sandvik.com/us

In response to customer feed-
back, Carl Zeiss Industrial Measuring 
Technology (IMT) developed the 
Accura, a multi-sensor capable mea-
suring system that allows for quick, 
economical, precise and flexible mea-
suring.

The Accura features a thin, rigid 
measuring machine bridge constructed 
from steel and aluminum components, 
which are coated by CARAT (coated 

Zeiss Accura 
CMM 
RAMPS UP SPEED, 
PROTECTION

aging resistant aluminum technology). 
The moving parts are lightweight, so 
the CMM achieves a maximum vecto-
rial travel speed of 800 mm/s, con-
tained in the Performance Package. 

Due to the increase in speed, 
Carl Zeiss has equipped the Accura 

with added protection features. The 
Performance Package also contains a 
special safety system with laser scan-
ners that supervise the protection zone 
around the machine when it’s in high-
speed mode. Speed is automatically 
reduced within a second if the safety 

continued
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system detects movement in this zone, 
and it automatically picks back up once 
the area is clear.

The active performance of the 
bridge is enhanced by air bearings 
with a thinner air gap, so they are more 
rigid and need less compressed air than 
other bearings. The bridge is also pro-

tected by foam insulating technology 
that allows the housing covers to resist 
temperature. The Accura maintains the 
same level of precision when operated 
between 20 and 26 degrees Celsius.

The standard CAD-based measuring 
software Carl Zeiss offers is integrated 
with Gear Pro and NT for freeform 

surface measurements. The Accura is 
available in four sizes, the smallest of 
which measures 900 x 1,400 x 800 mm 
with a linear measuring tolerance of 1.6 
µm + L/333

For more information:
Carl Zeiss IMT Corporation
6250 Sycamore Lane
Minneapolis, MN 55369
Phone: (763) 744-2400
Fax: (763) 533-0219
www.zeiss.com/imt

A custom sintering vacuum furnace 
capable of an operating temperature 
of 1,800 degrees Celsius was recent-
ly shipped to a customer in the aero-
space and defense industries by Solar 
Manufacturing. 

Solar 
Furnace 
INSULATED WITH 
EIGHT LAYERS FOR 
ENERGY EFFICIENCY
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© 2 0 0 6 ,  P r e s r i t e  C o r p o r a t i o n

PRESRITE NEAR-NET GEARS GIVE YOU THE 
STRENGTH OF A FORGING WITH 
LITTLE OR NO MACHINING.

We’re as NEAR as the NET! Visit our Web site at www.presrite.com.

I S O  9 0 0 1 : 2 0 0 0    T S  1 6 9 4 9 : 2 0 0 2
Presrite Corporation
3665 E. 78th St. • Cleveland, OH 44105
Presrite Corporation
3665 E. 78th St. • Cleveland, OH 44105
Presrite Corporation

Phone: (216) 441-5990   
Fax: (216) 441-2644

Are you interested in reducing your gear costs while increasing 
their quality? Presrite hot-forges intricate gears to net and near-net 
shapes, so little or no hobbing is required.
We’ve invested millions to save you money and 
improve the performance of the gears you buy. 
Our dedicated gear-forging facility is equipped 
with a state-of-the-art gear lab, high-capacity 
presses, and the latest in sophisticated machinery.
See why customers from a wide range of industries and countries 
come to Presrite for forged gears. Contact us now for more 
information or a quote.

Weight Savings – As a blank, this large spur 
gear weighed 55 lbs. As a forged tooth gear with 
1 millimeter of stock on the tooth profile for 
hobbing, it weighs just 37 lbs.

TAKE A BITE OUT OF YOUR GEAR COSTS
WITH TEETH LIKE THESE.

AC Option 
JOINS BISON’S
FLEXTORQ
GEARMOTOR LINE

Bison Gear and Engineering Corp.
3850 Ohio Ave.
St. Charles, IL 60174
Phone: (800) AT-BISON 
info@bisongear.com
www.bisongear.com

Solar also recently delivered an 
R&D vacuum heat treating furnace for 
use in the metallurgical development 
lab of a specialties metal industry cus-
tomer. This furnace will be used for 
steel, low pressure vacuum carburizing, 
magnetic metal developments, alloy 
testing and process development.

The hot zone dimensions of the 
model HFL-5748-2EQ are 36 inch-
es wide x 36 inches high x 48 inches 
deep. Since the customer required such 
a high temperature with uniformity, the 
hot zone is insulated with eight layers 
of 0.5 inch-thick, high purity graph-
ite felt, which makes it more energy 
efficient. A hot face of 0.040 inch-
thick Flex Shield, a flexible carbon 
fiber reinforced graphite foil, protects 
the insulation pack. The hot zone has 
thin graphite heating elements mounted 
cylindrically inside and divided into 
several trim zones. The hearth has a 
weight capacity of 2,000 pounds. 

Other features include the SolarVac 
3000 control system, a high-capacity 
copper heat exchanger, 150 hp drive 
motor and a radial blade fan for high 
velocity gas quenching through “for-
ward tapered” graphite nozzles. The 
front door uses a pneumatically oper-
ated, locking ring closure for posi-
tive pressure quenching to 15 psig (2 
bar). High vacuum performance of 1 x 
10 -5 Torr is possible because of a 20 
inch Varian diffusion pump.

“Our customer needed a robust 
vacuum furnace to sinter heavy tung-
sten alloys at very high temperatures,” 
says Pete Reh, vice president of sales 
for Solar. “We demonstrated that our 
vacuum furnaces can achieve high per-
formance operation with low cost of 
ownership through the use of state-of-
the-art-materials.”

The horizontal, front loading model 
HFL-2624-10IQ furnace has a work 
zone 18 inches wide x 14 inches high 
x 24 inches deep, work load capac-
ity of 750 pounds and maximum oper-
ating temperature of 2,400 degrees 
Fahrenheit meeting AMS 2750D tem-

continued
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AGMA 
Tolerance 
Calculator

ASSISTS
IMPLEMENTATION 
OF BEVEL GEAR 
STANDARD

American Gear Manufacturers 
Association
500 Montgomery Street, Suite 350 
Alexandria, VA 22314-1581 USA
Phone: (703) 684-0211
Fax: (703) 684-0242
www.agma.org

perature uniformity. The furnace is 
designed for 10 bar fast gas quench 
by incorporating Solar’s proprietary 
design radial fan and gas diffuser/
distributer, which features an inter-
nal 100 hp drive motor and a lock-
ing ring, O-ring sealed, autoclave front 

door. Instrumentation includes vacu-
um controls, Honeywell temperature 
control/programming, Allen Bradley 
PanelView and Eurotherm high speed 
digital display recorder.

For more information:
Solar Manufacturing
1983 Clearview Road
Souderton, PA 18964
Phone: (267) 384-5040
Fax: (267) 384-5060
info@solarmfg.com
www.solarmfg.com

Tyrolit 
Grinding 
Wheel 
ACHIEVES MAX 
PROFILE RETENTION 
WITH MINIMAL WEAR

The CSS Ultra grinding wheel from 
Tyrolit features a restructured micro 
architecture that allows for high profile 
retention with minimal wear. It avoids 
the erosion that often occurs between the 
grain and bond structure and the grind-
ing area in high-performance grinding 
applications where heat builds up.

Tyrolit has tested the product in 
O.D. cylindrical, O.D. plunge, O.D. 

http://www.geartechnology.com
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inner raceway and O.D. spherical roller 
path grinding applications and reported 
positive results. Areas of improvement 
in grinding performance include abra-
sive usage per piece, an increase in 
the amount of parts per dress and a 
reduction in cycle times per part. The 
CSS Ultra grinds with lower cutting 
forces, so improved geometry occurs. 
Other benefits include less wear to the 
abrasive grain, high profile retention 
and cooler grinding, which reduces the 
chance for burn.

Tyrolit is targeting the CSS Ultra 
to the automotive, bearing and tool-
ing industries as well as job shops 
complementing these industries. The 
grinding wheel is suitable for use on 
crankshafts, camshafts, cv joints, drive 
shafts, tracker inner rings, flange inner 
rings, nozzle pins, cylindrical rollers, 
taps and tension screws.

For more information:
Tyrolit LLC
3010 Disney Street
Cincinnati, OH 45209
Phone: (888) 897-6548
Fax: (513) 458-8232
www.tyrolit.com

The Cimcool Cimtech 46C met-
alworking fluid has received Boeing 
approval under BAC 5008REVr-Areas 
five and six, including titanium alloys. The 
approval number is Boeing PSD 6-134.

Cimcool 
Fluid 
APPROVED BY 
BOEING FOR 
AEROSPACE 
APPLICATIONS

The metalworking fluid is recom-
mended for moderate duty grinding 
of hard metals like cobalt, Stellite and 
titanium alloys, including chrome plat-
ed and HVOF thermal spray coating 
components.

Cimtech 46C is very clean and has 
high foam control. It can be maintained 

easily and allows for odor control and a 
long sump life. It is resistant to deple-
tion and reduces the amount of con-
centrate required for makeup, saving 
on costs. It also features a proprietary 
blend of inhibitors that protect ferrous 
machine tool components and mini-

continued

For Gears As Big As Your Needs...
The RZ1000

The new RZ1000 makes small work 
out of big gear production.
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production runs
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Reishauer Corporation  
1525 Holmes Road, Elgin, IL 60123

Ph: 847-888-3828 Fx: 847-888-0343
usa@reishauer.com   www.reishauer.com

Get more details at 
www.RZ1000.com
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Rugged, Reliable, Repeatable
...For 75 Years!

•  Applicable to Spur •  Applicable to Spur 
 and Helical Gears! and Helical Gears!

•  Gage the Part •  Gage the Part 
 at the Machine! at the Machine!

Pitch
Diameter

Major
Diameter

Minor 
Diameter

Internal or External  SplineInternal or External  SplineInternal or External  Spline
Measurement Made Easy!Measurement Made Easy!

Still using micrometers Still using micrometers 
and pins method?

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

Birchwood Casey
7900 Fuller Road
Eden Prairie, MN 55344
Phone: (952) 937-7931
Fax: (952) 937-7979
info@birchwoodcasey.com
www.birchwoodcase.com

Tru Temp Finish 
PROVIDES LUBRICITY, 
RUST PROTECTION

The 601 Versafuge from the Kine-
Spin/Barrett Division of Kinefac is 
designed for fluid cleaning, chip wring-
ing, sludge drying, parts cleaning and 
washing and drying. The centrifuge 
uses a cleaning force of 350 Gs for 
greater range in fluid reclamation and 
part cleaning potential than other single 
machines of its size.

The Versafuge has a 10-gallon bowl 
for fluid reclamation in process lubrica-
tion and cooling systems. It is capable 
of handling 130 pounds per load of 
chips and swarf. The Versafuge fea-
tures a touch screen control, an out-of-
balance safety system, a safety lid latch 
and optional hoist and bucket dump 
units. It is small enough to sit near the 
production operation it supports. 

The Kine-Spin Barrett Division can 
supply part racks, special bowls, bas-
kets, heaters, pumps, tankage and other 
ancillary devices as well as application 
validation by lab tests at the Kinefac 
facility.

For more information:
Kinefac Corporation
Kine-Spin/Barrett Division
156 Goddard Memorial Drive
Worcester, MA 01603
kvuona@kinefac.com
www.barrettinc.com

mize dissolved cobalt in solution. 
Cimtech 46C is low misting without 

smoke or leaving parts, machines and 
surrounding areas with an oily film. 
It is a clear mix and rejects tramp oils 
for easier removal by oil-skimmers. 
This Cimcool fluid joins three others 

Kinefac 
Centrifuge 
CLEANS PARTS 
WITH 350 GS FORCE

approved by Boeing. Cimcool offers a 
free trial to interested customers.

For more information:
Milacron Marketing Co.
3000 Disney Street 
Cincinnati, OH 45209 

Phone: (888) 246-2665
Fax: (800) 205-3293 or 
(513) 458-8298
www.cimcool.com
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YOUR ONE-STOP-SHOP FOR PRECISION
GEARS, MACHINING AND ASSEMBLY

TIFCO GAGE & GEAR
33067 INDUSTRIAL
LIVONIA, MI 48150

1-734-525-8000
1-734-525-8400 FAX

www.tifcogagegear.com
sales@tifcogagegear.com

DELTA RESEARCH CORPORATION
32971 CAPITOL

LIVONIA, MI 48150
1-734-261-6400

1-734-261-0909 FAX
www.deltaresearch.com
sales@delrecorp.com

September 15-17,
2009 Indianapolis

Come Visit us at
Booth #530

AUTOMOTIVE
PROTOTYPES

AEROSPACE

MILITARY
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Two high-volume gear produc-
tion cells grace the shop floor at Delta 
Research Corporation in Livonia, 
Michigan. Thanks to lean manufac-
turing, these cells have never shipped 
a defective part to a customer since 
they were developed over three years 
ago. With the help of robotics, con-
veyors and an efficient organizational 
process, the pieces are turned, hobbed, 
gear ground, cleaned, roll-tested and 
laser marked completely hands-free. 
They are poka yoked and sent through 
a Production Part Approval Process 
(PPAP). Delta employees merely need 

Steadfast & Streamlined
CAN LEAN SOFTEN THE ECONOMIC BLOW? 

Matthew Jaster, Associate Editor

Thanks to lean principles, an operator in Colonial’s spline department can run three machines at once, including two CNC 
spline grinders and a manual grinder (courtesy of Colonial Tool Group).

to “check-in” once in awhile on the 
work before shipping—typically ahead 
of schedule—to the final destination.  
Lead times were shortened and the 
automated assembly process has been 
a complete success as far as sales and 
project manager Tony Werschky is 
concerned.

These cells were put in place at Delta 
Research when the company expanded 
its lean manufacturing initiatives. They 
are a big reason it has been able to sur-
vive and prosper in Michigan, where the 
industrial and manufacturing sector has 
seen better days.

“Growth must be calculated and 
conducted in a way that prevents you 
from creating volatile periods in your 
company’s business cycle,” Werschky 
says. “Our lean programs have kept us 
from over-hiring, losing sales volume 
and then shedding employees just to 
survive. We have seen minimal chang-
es in net income as a result of lean 
processes.”

These processes have been dis-
cussed before in Gear Technology, 
where many a Publisher’s Page and 
feature article have addressed the 

continued
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says Jim Sonderman, consultant for 
the Lean Learning Center in Novi, 
Michigan. “Those companies that 
pursued a lot-size reduction strategy 
through faster setups prior to the eco-
nomic downturn are better positioned 
from an inventory perspective and have 
less cash tied up in unsold product.” 

Sonderman says that focusing on 
waste elimination is critical, especially 
during times when recovery must be 
swift and problems should have been 
resolved years ago.

“Labor has been terribly affected. 
We have seen even the leanest man-
ufacturers reduce manpower through 
temporary layoffs and reduced work 
hours to accommodate for the decline 
in customer demand,” Sonderman says. 
“For most companies, it’s a matter 
of survival. Those that have flexible 
workforces and processes as a result of 
standard work, cross-training and cel-
lular manufacturing can adjust faster to 
the variations in customer demand.”

Keeping a staff trained on how to 
identify and eliminate waste is half the 
battle, according to Sonderman. 

“One particularly nasty side effect 
is the brain drain. When highly-tal-
ented employees are temporarily or 
permanently let go, the factory floor 
has difficulty with solving problems. 
The companies that spend consider-
able time and effort on coaching and 
mentoring all employees through struc-
tured problem solving activities are 
able to recover quickly, even in crisis,” 
Sonderman says. “The companies that 
consider employees as simply a means 
to an end will be plagued with chronic 
problems that affect quality, delivery 
and cost.”  

While industries like agriculture 
and food are somewhat recession proof, 

Colonial has put two conventional universal grinders and one CNC universal 
grinder in the same work area as a lean initiative. A jib crane was added for 
ease of handling (courtesy of Colonial Tool Group).

importance of lean manufacturing. Call 
it overkill or simply a bias toward sys-
tems that seem to work, but there’s 
truth behind all the rigmarole. Recent 
economic activity, or lack thereof, has 
only solidified the benefits of lean.     

If your organization neglected to 
implement some kind of lean strategy 
before the economic downturn, it might 
be in worse shape today than it needed 

to be. Sure, it’s been rough out there, 
with higher production costs and a sig-
nificant drop in orders, but the com-
panies that have actively pursued lean 
manufacturing seem to be in a better 
position than those that failed to imple-
ment these strategies prior to 2008.

How the Commitment Pays Off
“The pursuit of lean principles is 

more important now than ever before,” 

One of Schafer’s many manufacturing cells are marked on the floor to maintain 
lean guidelines throughout the shop (courtesy of Schafer Gear).

“Many companies are in sur-
vival mode, slashing manpow-
er and cutting costs wherever 
they can just to stay afloat. They 
are simply trying to weather 
the storm without wrecking the 
ship,” Sonderman says. 
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manufacturing, particularly automotive, 
has been devastated from the recent 
economic collapse. 

“Many companies are in survival 
mode, slashing manpower and cut-
ting costs wherever they can just to 
stay afloat. They are simply trying to 
weather the storm without wrecking 
the ship,” Sonderman says. 

Fortunately, there are companies 
within the gear industry that have ben-
efitted greatly from lean. Whether it’s 
simply faster deliveries, more orga-
nized shop floors or an overall lean 
philosophy throughout the organiza-
tion, success stories have prevented 
some of the bleeding.

Colonial Tool Group, located in 
Windsor, Ontario, has done quite a bit 
of work involving machining cells to 
increase productivity, incorporating 
some basic lean manufacturing tech-
niques into the day-to-day routine with 
substantial results.

“We’ve placed machines so one 
operator can utilize between two to 
three machines at one time, depending 
on the operations,” says Chris Scott, 
plant manager. “We’ve also installed 
better hoists to make it easier and safer 
to load and unload work pieces.”

These simple practices have tight-
ened up many of the processes at 
Colonial, allowing an operator to run 
a CNC grinder and universal grinder 
at the same time. With the addition of 
a jib crane for ease of handling, the 
staff can do more in their allotted work 
space.

Scott says that implementing lean 
has allowed Colonial more flexibility 
for scheduling and for making faster 
deliveries, not to mention the reduced 
costs for the manufacturers.

“The economy has been very slow 
for the past several months and we 
have been working reduced hours,” 
Scott says. “Lean has helped us with 
shortening our required times to manu-
facture.”

The company deals mainly with 
broach and spline racks, building spin-
dles and machines. They’ve been work-
ing on different lean scenarios not only 
to adjust to the current market, but in 

preparation for the often-discussed eco-
nomic rebound.

“The manufacturing processes that are 
used for most industries can benefit if peo-
ple have an open mind to the necessary 
changes that must be made to increase 
productivity,” Scott says.  “Most of our 
employees have bought into this idea and 
are key to its development.”

In order to present lean initiatives 
to the staff, Scott conducted a presenta-

tion for the proposed changes and also 
conducted lean groups to gain employ-
ee feedback and buy-in—the same sort 
of communication that has made lean 
a success at Delta Research and Tifco 
Gage and Gear.

Werschky has seen lean principles 
increase profitability and reduce losses 
by eliminating excess overhead costs, 
employee costs and work-center foot 
prints.

continued
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Robin Bodicoat
Precision Technologies Group
Murrayfi eld Road, Leicester LE3 1UW
United Kingdom
Phone: +44 116 201 3105
Robin.bodicoat@jonesshipman.com

Inova GMM 
USES MULTIPLE 
SCANNING 
MEASURING 
PROBES
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“Our cross-training program has 
allowed us to transfer company person-
nel from one department to another 
seamlessly,” Werschky says. “This has 

kept us from having to layoff person-
nel.”

And during slow periods, the com-
pany has been able to move forward 

thanks to the lean practices that were 
implemented years ago, like buying 
into new technology to cut downtime 
on the production floor. Capital invest-
ments in new high-speed gear grinders 
and hobbers, ring-loaders, conveyors 
and robots will allow for greater speed, 
efficiency and ergonomics in the near 
future.

“We expect these machines to be 
used for small- to medium-volume gear 
projects for electric vehicle transmis-
sion, defense work and off-highway 
applications,” Werschky says.

These investments will come 
in handy as the company anticipates 
increased market demand for precision 
gears in the next two years. Since lean 
methodology is practiced throughout 
each department, employees have the 
opportunity to modify existing pro-
cesses when needed.

“As a short run and prototype sup-
plier, our technicians are in constant 
communication with management 
and discuss each job prior to actual-
ly cutting chips. It’s a common sense 

Schafer Gear demonstrates how the 5S strategy keeps its work stations organized 
and efficient. The gages missing at this station have a replica photograph under 
the plexiglass (courtesy of Schafer Gear).
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The MMT superabrasive and 
diamond honing tools from Sunnen are 
factory-qualifi ed to produce micron-
level accuracy, and they are custom 
designed for fast metal removal and long 

diameter less than 1 mm. 
The Mida Laser 75P uses an 

RS232 serial communication port for 
exchanging data during the measuring 
cycle to increase accuracy and 
repeatability results in harsh conditions, 
retrofi t more simply without an M-code 
and to facilitate correct installation check 
and troubleshooting. This is in addition 
to the system’s standard parallel I/O. 

Uses of the Mida Laser 75P include 
tool identifi cation, tool breakage 
detection, pre-setting of unknown 
tools, tool dynamic length and diameter 
measurement, tool wear compensation, 
tool cutting edge profi le integrity 
verifi cation and machine axis thermal 
drift compensation.

Marposs Corp.
3300 Cross Creek Pkwy.
Auburn Hills, MI 48326
Phone: (248) 370-0404
Fax: (248) 370-0991
www.marposs.com

Honing Tools 

LAST FIVE TIMES 
LONGER

life. High-volume, precise honing is 
achieved with minimum burr condition. 
The MMT tools can be used for 
demanding parts, such as pinion gears, 
fuel injector barrels, piston pumps, 
cartridge valves and gun barrels.

The body and feed wedge of the tools 

are precision machined from hardened 
tool steel. According to Sunnen, they 
typically last fi ve times longer than 
conventional tools and reduce per-
part cost by 30 percent. Accuracies of 
0.0006 mm are achieved for diameter, 
roundness, straightness and taper. The 

approach that is in line with our quality 
standards, promotes employee satisfac-
tion and saves the company money in 
the long run,” Werschky says.

A Case for 
Continuous Improvement

Robert Doshi, plant manager at 
Schafer Gear Works Inc., says the com-
pany is not focused on any one specific 
lean principle, but is applying many 
aspects across the board. 

“We’ve applied the principles that 
are needed in each area as the situation 
allows. As a job shop, it has proven dif-
ficult to apply lean in mass. By keeping 
the overall goal of improving quality, 
delivery times and reducing cost while 
maintaining a safe and healthy environ-
ment, we employ whatever tools will 
help us achieve our goals.”

The economic downturn has given 
Schafer the opportunity to focus inter-
nally on customer satisfaction with 
shorter lead times, lower inventories 
and better quality products. 

“It has also provided more time to 
streamline our processes and concen-
trate on our 5S program,” Doshi says.

What lean ultimately provides 
for Schafer are the tools to become a 
growing, vibrant and customer-orient-
ed company with international reach. 
Continuous improvement and involve-
ment strategies include employees, cus-
tomers and suppliers, and the company 
plans to spend the next five to 10 years 
providing its customer base with “what 
they want, when they want it and at a 
cost that allows both the customer and 
company to grow.” 

“We feel the lean philosophy 
infused in every aspect of our culture. 
Our processes and our people will be 
our strength and biggest asset,” Doshi 
says.  

Today, the company looks to its 
employees, the most important asset of 
the organization, to stand out.

“Our team’s resolve to not only sur-
vive, but also shine during this time, is 
critical to ensuring our success,” Doshi 
says. “We know that there is business 
out there and we know that we should 
be the one to get it.”

This wouldn’t be possible if the 

Schafer staff was unable to embrace a 
team concept. 

“Without open lines of communica-
tion and the willingness to forgive mis-
takes, Schafer would not be as strong as 
it is today,” Doshi says. “As we learn, 
we share. Knowledge is a commodity 
that we feel grows as it is shared by our 
employees, and it sparks new life into 
areas that we thought could not get any 
better.”

In addition to its employees, Schafer 
continues to fortify relationships with 

both suppliers and customers. 
“These relationships are open and 

based on win-win thinking. By making 
ourselves transparent, we have found 
that, together, arrangements can be 
made to allow all of us to survive,” 
Doshi says. 

While Schafer has always had a 
culture of continuous improvement, 
Doshi explains that a long term com-
mitment is necessary to see these lean 
principles succeed.

continued
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Tel. (516) 328-3300 | Fax (516) 326-8827 | www.sdp-si.com

Stock Drive Products/Sterling Instrument

Our experienced team of 
engineering and manufacturing 

experts are ready to work for you.

ISO 9001:2000 Registered
Sterling Instrument AS9100B Registered

Precision & Commercial Quality

AGMA & DIN Specs.

Fine to Medium Pitch

Prototype & Production
quantities available. 

Gear Types: Spur, Miter, Bevel, 
Worm & Worm Gear, Rack & 
Pinion, Helical & Internal.

Gearheads, Speed Reducers & 
Differentials

Inch & Metric

RoHS Compliant

In stock, modified or made to 
your specifications.

GEARS & GEARBOX ASSEMBLIES

<
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<

<

<

<

<

<

3D CAD | eSTORE
available at www.sdp-si.com

Standard Or Custom Parts
From A Single Source
68,000 Drive and Automation Components 

Ready-to-Deliver

FREE
Inch & Metric 

Catalogs 

Romer Inc.
51170 Grand River Ave.
Wixom, MI 48393
Phone: (800) 218-7125 or 
(401) 886-2770
Fax: (248) 449-9445
www.romer.com

Wind
Energizer
EXTENDS 
GEARBOX LIFE
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“Not everything we have tried has 
worked. Sometimes, before getting the 
results we were striving for, we have 
tried an improvement or technique sev-

eral times in the same area,” Doshi 
says. “By staying the course and stick-
ing to our core values and principles, 
we know that we will achieve our end 
results.”

The Lean Learning Center instructs 
companies to get involved in these lean 
programs, sooner rather than later, and 
urges those truly hit hard by the eco-
nomic downturn to open the communi-
cation lines with employees to achieve 
success and longevity. 

“Competitive benchmarking, visit-
ing other lean plants, on-site assess-
ments and lean education and training 
at the executive level are good places 
to start,” Sonderman says. 

That’s not to say that a commitment 
to lean doesn’t come with an array of 
challenges and a hint of skepticism.

“Companies that have been prof-
itable because of a niche market or 
have been immune to competition 
for whatever reason have less force 
on them driving change,” Sonderman 
says. “We often hear ‘Why should we 
adopt lean?’ or ‘We have always been 
successful.’ A past history of finan-
cial success does not always guarantee 
future success. The objective should be 
to get leadership to see the gap between 
current reality and the ideal state. You 
want them to discover how ugly the 
current situation is.”

With a computerized manufactur-
ing floor at their fingertips, Sonderman 
reminds companies to be creative. 

“Technology has changed, sure, but 
the lean tool box remains the same. 
The steps for reducing setup times and 
improving workplace organization 
through 5S are the same.”

It’s the understanding of lean con-
cepts and principles that is constantly 
evolving. 

“Lean is not about what you see 
when you visit a Toyota plant. It’s what 
you don’t see that is most important. 
What you don’t see is the critical think-
ing that links lean rules and principles to 
meaningful progress on the shop floor.”

Sonderman adds that this type of 
thinking will take organizations miles 
farther than simply repackaging old 
ideas or adding new programs or twists 
in technology.

“We saw this with Six Sigma. It’s 
simply a repackaged form of problem 
solving. It’s a great tool if you do not 
have systematic problem solving in 
your organization, but a tool is all it 
is. Hopefully, many organizations now 
understand that lean is essentially criti-
cal thinking guided by interdependent 
rules and principles, rather than simply 
a collection of tools to implement.” 

Companies like Delta, Colonial and 

“Competitive benchmarking, 
visiting other lean plants, on-site 
assessments and lean education 
and training at the executive 
level are good places to start,” 
Sonderman says. 
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Delta Research Corporation
32971 Capitol Street
Livonia, MI 48150
Phone: (734) 261-6400
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Nelson Engineering, Inc.
11600 Monarch St.
Garden Grove, CA 92841
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sales@nel-eng.com
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Precipart Corporation
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Gear Workholding.

If it’s hard to hold...
the answer’s not 
hard to fi nd.
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Schafer are keeping busy—with vested 
interest in the future of U.S. manufac-
turing—and seem to have gotten the 
message regarding lean. 

“Our persistence has shown that 
lean is not a passing fancy. It is inevi-
table,” Doshi says. “Although at times 
it can be implemented as a survival 
tool, we see it as a thriving tool, a shift 
in paradigms.”

For more information:
Colonial Tool Group Inc.
1691 Walker Rd.
Windsor, Ontario N8W3P1
Canada
Phone: (866) 611-2461
Fax: (519) 253-5911
www.colonialtool.com 

Delta Research Corporation
32971 Capitol St.
Livonia, MI 48150
Phone: (734) 261-6400
Fax: (734) 261-0909
sales@delrecorp.com
www.delrecorp.com

Lean Learning Center
40028 Grand River, Ste. 300
Novi, MI 48375
Phone: (248) 478-1480
Fax: (248) 478-1589
info@leanlearningcenter.com
www.leanlearningcenter.com

Schafer Gear Works Inc.
4701 Nimtz Parkway
South Bend, IN 46628
Phone: (574) 234-4116
Fax: (574) 234-4115
www.schafergear.com

© 2009 Arrow Gear Company
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The Indiana Convention Center will bustle with about 30,000 attendees and 175 exhibitors representing 43 states and 36 
countries at Gear Expo 2009 (courtesy of the Indiana Convention and Visitors Association).

As Gear Expo 2009 approaches 
(Sept. 15–17), the show finds itself in 
an “It was the best of times, it was the 
worst of times” mindset. Worst first: 
everyone is hurting, and ponying up for 
show exhibiting is painful, to say the 
least. Best: because of the downturn, 
attendees may have more time to spend 
at the show meeting new suppliers or 
reconnecting with existing ones. More 
time to talk, more time to spend on 
checking out machinery and tooling, 
etc., more time to take in the AGMA 
Fall Technical Conference (see side-
bar on page 34) and other educational 
opportunities. And, this year’s show 
will be co-located with the ASM Heat 
Treating Society, presenting a distinctly 
relevant synergy between industries not 
seen before at Gear Expo.

There may also be some advanta-
geous timing at play, too. As the show 
approaches, recent media reports indi-

Gear Expo—
The Show of Shows 

for All 
Things Gearing

Jack McGuinn, Senior Editor

GEAR EXPO 2009 & FALL TECHNICAL CONFERENCE
INDIANA CONVENTION CENTER
INDIANAPOLIS, IN 
EXPO: TUESDAY–THURSDAY, SEPT. 15-17, 10 A.M.–6 P.M. 
FTM: SUNDAY–TUESDAY, SEPT. 13-15, 10 A.M.–6 P.M.   
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continued

cate that while we are not out of the 
woods yet, the “worst of times” may be 
behind us. But don’t bank on it.  

Gear Technology  interviewed 
AGMA president Joe Franklin, as well 
as a number of show exhibitors, in 
order to get a pulse of what to expect 
from Gear Expo 2009. 

Perhaps one of the more significant 
changes in the ’09 show is that it is 
being held in Indianapolis. For many, 
that is a distinct upgrade, but it didn’t 
come easily.

Speaking of Indy, Franklin says, 
“The special significance is that 
Indianapolis was an outstanding loca-
tion—the exhibitors and attendees 
loved it; the problem has been in get-
ting back there. Indianapolis caters to 
Indiana-specific events before they 
cater to out-of-state events. So if you 
were a local flower club and you were 
having an orchid show, you got pref-
erence over a heavy-machinery or 
manufacturing show. That was a domi-
nant reason why we weren’t able to go 
back.” 

Returning to the positive, Franklin 
points out that “All the hotels are 
directly connected, and if there’s any 
kind of inclement weather you don’t 
have to actually go outside. It’s just 
convenient for being together and net-
working.”

Others we interviewed are in 
agreement that the show’s location 
in Indianapolis will have a positive 
effect—more or less. The true deciding 
factor for this year’s show’s success is 
the E-C-O-N-O-M-Y.   

“Only time will tell,” says Al 
Finegan, Gleason director of market-
ing. “There are gear markets in (both 
Indiana and Michigan), and we have 
had successful Gear Expos at both loca-
tions. Given the state of the U.S. and 
global economies, the specific location 
of the show is probably less important 
than usual.”

Says Dennis Richmond, Reishauer 
vice president, “Indianapolis is a 
vibrant city full of culture and energy. 
The downtown area has gone through 
an extensive transformation over the 
past two years, with the new stadium 

(RCA Dome) and the renovation of 
the (Indiana) Convention Center. It’s 
a downtown area that show attendees 
will feel safe to explore and warmly 
invited wherever they go.”

Says Koepfer America’s (and 
AGMA chairman emeritus) Dennis 
Gimpert, “In the past, Indianapolis has 
been a positive location for the AGMA 
Gear Expo. It offers a great venue, 
good restaurants and a convenient, 
drivable Midwest location. However, 
the state of our global economy will 
make it a challenge for any location.”

And last, Ray Mackowsky, presi-
dent of Great Lakes Gear Technologies 
says, “I think it’s somewhat central to 
a lot of the automotive industry plants 
and the aerospace people such as Rolls-
Royce, so there is some automotive 
presence there, which should help the 
attendance. But you never know. It’s a 
question of the economy.”

One thing that never changes is 
exhibitor expectations for a show, and 
Gear Expo is no exception. Everyone 
seeks satisfactory bang for their buck, 
including the AGMA.

“The show has multi objectives and 
purposes,” says Franklin. “Obviously it 
is a meeting place for buyers and sell-
ers. It is a place people can come and 
evaluate tooling or equipment or sup-
pliers who are working in the industry, 
and they can come and evaluate gear 
manufacturing. People on the fence 
can come in and say, ‘Do we want to 
invest in a factory or do we want to 
buy the gears from another company?’” 

Using the AGMA’s annual meeting last 
March as an analogy, Franklin offers 
that, as with the expo, “People felt they 
needed to be there, particularly in tough 
times, just to make sure they knew 
what was going on. And you’re with 
people who are going through the same 
pain you are going through. But our 
annual meeting was extremely upbeat, 
and business was just as bad then as it 
is now. So I think there will be some 
important networking.”

As for Gleason’s goals and objec-
tives, “Gleason expects to reinforce 
its position as the total gear solutions 
provider at Gear Expo,” says Finegan. 
“This means more than just exhibiting 
the few products that we are able to 
bring to the show. It also means pre-
senting and promoting the full range 

Reishauer RZ 1000 (courtesy of Reishauer).

Gleason Sigma 350GMM (courtesy of 
Gleason).
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Fässler

Why Grind and Groan? Just...

Fässler Corporation
131 W. Layton Avenue, Suite 308, Milwaukee, WI 53207

Phone +1 (414) 769-0072    Fax +1 (414) 769-8610    Email usa@faessler-ag.ch
www.faessler-ag.ch

Customized Solutions 

Ipsen, Inc.
P.O. Box 6266
Rockford, IL 61125
Phone: (815) 332-4941
Fax: (815) 332-4549
sales@ipsenusa.com
www.ipsenusa.com

of solutions that we have to offer to all 
gear producers for all processes and all 
applications. The ‘goal’ is to help our 
customers improve quality, increase 
productivity, reduce costs and more 
effectively compete in their markets.”

Says Reishauer’s Richmond, “It is 
our goal to showcase our company and 
its capabilities and demonstrate how we 
stand behind the claim that we offer the 
‘lowest cost-per-piece’ hard finishing 
process on the market today, bar none.”

As for Koepfer, says Gimpert, “Our 
plans are to introduce only new or 
advanced technology.”

And says Great Lakes’ Mackowsky, 
“We have a 20 x  50 booth alongside 
the Höfler and Fässler booths, so we’ll 
probably have the biggest showing in 
terms of floor space. And the equip-
ment there, there’s probably four mil-
lion dollars in equipment on the floor. 
It represents a huge expense for us and 
is kind of an indication of our com-

mitment to the AGMA, and hopefully 
we’ll have good participation by heavy 
industry. And we have some really 
great products, anyway. Hopefully, 
with the downturn in business, people 
will have a little more time to com-
mit to the show and send more people 
and spend some time at the booth and 
maybe spend more than a day.”

Moving on to another show- and 
industry-related issue, wind power just 
can’t seem to catch a break. Despite the 
Obama administration’s firm support 
for its place in the alternative energy 
realm, the state of the global economy 
has put the skids on most continued 
development. In contrast to the wind 
turbine buzz that energized the 2007 
show, its impact will be considerably 
muted this year.

“I think the market reality is as 
we’re hearing—that there is signifi-
cant difficulty in getting financing for 
wind power,” says Franklin. “If you 
are a company looking to make a wind 
power gearbox, you’re probably going 
to have some difficulty in acquiring 
financing right this minute. The last 
time I went around and talked to people 
in the wind turbine business, money 
was extremely tight; demand is obvi-
ously not quite there. All sources of 
energy dampened down in price right 
now, and wind turbines are reflecting 
the same thing as far as I read.”

Monument Circle (courtesy of the 
Indiana Convention and Visitors 
Association).
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Romer Inc. is calling the Omega 
portable measuring arm their most 
economical tool to date for multi-
purpose non-contact measurement. The 
system is packaged for 3-D scanning 
applications like reverse engineering, 
rapid prototyping and no-contact 
inspection. The entire package includes 

the Omega articulating arm, the R-Scan 
line laser scanning probe and PC-DMIS 
Reshaper software. 

The metrology device is lightweight 
due to a seven-axis arm comprised of 
advanced carbon fi ber and aluminum 
construction. The R-Scan non-contact 
laser scanner has infi nite rotation 
to scan areas diffi cult to reach. The 
system also features large capacity 
inspection, repeatability, automatic 
color recognition and real-time display 
of point clouds and point data.

The PC-DMIS Reshaper software 
uses a 3D point-cloud processing 
program to handle quickly generated 
point clouds and produce quality 3D 
meshes. The software collects live data 
from the measurement arm and creates 
3D polygon mesh models, which users 
can export in various formats to bring 
into a CAD program or STL fi les for 
printing. Arm, probe and software all 
come with a Romer warrantee. 

“The Omega arm is tailor made for 
the engineer or designer who wants a 
contemporary solution for the age-old 
problem of quickly acquiring accurate 
surface data from the most complex 
forms,” says Jeff Freeman, Romer 
product line manager. “In the past, 
reverse engineering systems have 
either been very expensive, hard to 
use, or lacked a well-rounded toolset of 
both hardware and software to get the 

Omega
Portable
OPTIMIZED 
FOR REVERSE 
ENGINEERING

GT 6-09 72pgs.indd   20 6/11/2009   10:40:33 AM

continuedAs for Richmond at Reishauer, “I’m 
not certain; it seems as if the manu-
facturing capacity and demand at this 
time are in sync. I’ve read a little about 
the issue of ‘energy credits’ when it 
comes to the business of alternative 
energy, and from my narrow under-
standing, these energy credits (created 
by Congress in the recent energy legis-
lation as an inducement to begin alter-
native—wind—energy projects) have 
become a trading commodity on Wall 
Street, and their short-term future is 
unclear at this time.”

“I think the level of intensity will 
be greatly reduced,” says Koepfer’s 
Gimpert. “(But) the wind energy busi-
ness has committed to many programs 
and has an established focus.”

Says Great Lakes’ Mackowsky, 
“Wind power, like just about every-
thing else, is experiencing the same 
amount of downturn. I don’t see the 
activity level now that we saw two 
years ago.”

Taking the long view, “The wind 
energy market has not been immune 
to the economic downturn,” says 
Gleason’s Finegan. “In spite of the cur-
rent lull in the feverish growth of wind 
energy, the long-term demand and 
outlook for alternative energy sourc-
es remains strong, and we expect a 
rebound in all energy markets, includ-
ing wind.”       

As for the co-location with the heat 
treaters, says Finegan, “Heat treating 
is an integral part of gear processing, 
and, as such, has a role to play at Gear 
Expo.”

“Co-location is a new concept for 
Gear Expo,” says Richmond. “The 
plan is to meld two common processes 

under one roof to broaden the appeal 
of the show. I think it’s a good for-
mula. The attendance numbers will tell 
the final story, notwithstanding current 
economic conditions.”

“It can’t hurt,” says Mackowsky. 
“I would have thought some of them 
would probably have exhibited at Gear 
Expo anyway. If this brings more traf-
fic, all the better.”

And last, we come to the ques-
tion that pops up every two years: Is 

Gear Expo in its current iteration still 
relevant? (Ed.’s note: For AGMA’s 
response to this question, please see 
Joe Franklin’s upcoming Voices piece 
in our September/October show issue.) 

“It would be easy to say that Gear 
Expo is no longer relevant, given the 
current level of market activity,” says 
Finegan, “but this may be shortsighted. 
The mission of Gear Expo has always 
been to bring together the suppliers 
of gears as well as gear equipment, 

Höfler ’s machinery line capabilities 
will be on full display at Gear Expo 
(courtesy Höfler).
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Attention Students 

of All Ages—

The Fall Technical 

Meeting is Back

September 13–15, 2009, 

Indianapolis, Indiana

It is no secret that industry-relevant 
technical papers are the lifeblood of 
Gear Technology magazine. Indeed, 
over the years, scores of you have told 
us so. And so it was a no-brainer when 
AGMA asked us to publish the list of 
presentations taking place just prior 
to Gear Expo this year. The 2009 Fall 
Technical Meeting is being held before 
the show, so that you can take advan-
tage of the technical expertise available 
at the FTM, and then stay for the latest 
technology offered at the trade show. 
The FTM will be held September 13–
15, 2009 at the Marriott Indianapolis 
Downtown. (The editors.)

(To view the full abstracts of these pre-
sentations, visit www.agma.org and 
choose the Events drop down menu.)

Sunday, September 13
Session I—Manufacturing & 

Inspection

• “Influence of the Residual Stresses 
 Induced by Hard Finishing Pro-
 cesses on the Load Carrying
  Capacity of Gears,” Fritz Klocke,
 Christof Gorgels, Vasilios Vasiliou,
 RWTH Aachen University.
• “Implementing ISO 18653, Evalu-
 ation of Instruments for the
  Measurement of Gears,” 
 Rob Frazer and Steve Wilson, 
 UK National Gear Metrology Lab.
• “Producing Profile and Lead   

 Modifications in Threaded Wheel 
 and Profile Grinding,” Antoine
 Türich, Gleason Corporation.
• "New Developments in Gear 
 Hobbing,” Oliver Winkel, Liebherr
  Verzahntechnik GmbH.
• “Hypoloid Gears with Small 
 Shaft Angles and Zero to Large
 Offsets,”  Hermann Stadtfeld,
 Gleason Corporation.

Monday, September 14
Session II—Design Issues

• “Dependency of the Peak-to-
 Peak Transmission Error on the
  Type of Profile Correction 
 and Transverse Contact Ratio 
 of the Gear Pair,” Ulrich Kissling,
 KISSsoft AG.
• “Optimizing Gear Geometry for
  Minimum Transmission Error,
  Mesh Friction Losses and Scuffing
  Risk,” Rob Frazer, UK National 
 Gear Metrology Lab, Mike Fish
 and Dave Palmer, Dontyne
 Systems, Ltd.
• “Load Sharing Analysis of High
 Contact Ratio Spur Gears in 
 Military Tracked Vehicle Appli-
 cation,” M. Rameshkumar,
  P. Sivakumar, S. Sundareshm,
 Combat Vehicles Research 
 and Development Establishment,
 and K. Gopinath, IIT.
• “Designing for Static and Dyn-  
 amic Loading of a Gear Reducer
  Housing with FEA,” M. Davis, Y.S.
 Mohammed, A.A. Elmustafa, Old
  Dominion University and C.   
 Ritinski, Sumitomo Machinery
 Corporation America.
• “The Effect of Flexible Compo-
 nents on the Durability, Whine, 
 Rattle and Efficiency of a Trans-
 mission Gear Train System,” Brian
 Wilson, Romax Technology, Inc.

Monday, September 14
Session III—Materials & Heat 

Treatment

• “Unique Design Constraints for 
 Molded Plastic Transmissions,”

  Rod Kleiss and Eric Wiita, Kleiss
  Gears, Inc.
• “The Anatomy of a Micropitting-
 Induced Tooth Fracture Failure—
 Causation, Initiation, Progression
  and Prevention,” Raymond J.
  Drago, Roy J. Cunningham and 
 Steve Cymbala, Drive Systems
 Technology, Inc.
• “Bending Fatigue, Impact   
 Strength and Pitting Resistance of 
 Ausformed Powder Metal Gears,”
 Nagesh Sonti and Suren Rao,
 Pennsylvania State University, and 
 Gary Anderson, Keystone   
 Powdered Metal Company.
• “Design Development and
  Application of New High-Per-
 formance Gear Steels,” 
 Jason Sebastian, Chris Kern,
 James Wright and Rich Kooy,
 QuesTek Innovations LLC.

Tuesday, September 15
Session IV—Application 

Considerations

• “High-Performance Industrial 
 Gear Lubricants for Optimal 
 Reliability,” K.G. McKenna, 
 J. Carey, N.Y. Leon and
 A.S. Galiano-Roth, ExxonMobil
    Research and Engineering.
• “Allowable Contact Stresses 
 of Jacking Gear Units Used
 in the Offshore Industry,” 
 Alfred Montestruc, Friede 
 & Goldman, Ltd.
• “Variation Analysis of Tooth
 Engagement and Load-Sharing
 in Involute Splines,” Kenneth
 Chase, Carl Sorenson and Brian
 DeCaires, Brigham Young
 University.
• “Does the Type of Gear Action
  Affect the Appearance of Micro-
 pitting and Gear Life?” Allen
 Williston, A&J Engineering.
• “The Effect of Gearbox Architec-
 ture on Wind Turbine Enclosure
 Size,” Charles D. Schultz, Beyta 
 Gear Service.

technologies, tooling and services to 
promote ourselves to the market as one 
industry. While the economy, and man-
ufacturing in particular, are in a severe 
recession, history would indicate that 
recessions eventually end. Some would 
argue that now is exactly the time to 

promote at events like Gear Expo.”
Relevant?
“Absolutely,” says Richmond. “Not 

only can attendees shop for gear manu-
facturers for their products, they can 
shop for the equipment necessary to 
make them in-house should they decide 

to do so. Gear Expo has broad appeal 
to people that make gears, buy gears 
and those that want to understand the 
gear process better. As a company, 
we’re sending some of our newest 
employees to Gear Expo for the excel-
lent educational programs they offer. 
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When it comes to workholding solutions for gear machining, N.A. Woodworth 
provides a wealth of technical knowledge, expertise and engineering assistance 

that sets us apart. Our various designs include our Universal Gear (UG) and our 
newly developed Pitch Line (PLD) diaphragm chucks. We have the product to fi t 

your process. All built with exacting standards to provide the best workholding 
solutions for gear machining. Give us a call.

2155 Traversefield Dr. • Traverse City, Michigan 49686
800-544-3823 • Fax: 231-941-9865

an ISO9001: 2000 Registered Company

www.itwworkholding.com

Gear Workholding.

If it’s hard to hold...
the answer’s not 
hard to fi nd.
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 gear up your manufacturing,

download gear technology standards

The American National Standards Institute provides 

over 1,500 gear standards relating to gear failures 

and analysis, cutting, grinding, tooling, bevel gears, 

hobbing, shaping, gearboxes, and Q&A.

Download at 

webstore.ansi.org/gears
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  WWW.DRAGON.CO.KR

Email inquiries to: 
alex@dragon.co.kr

(formerly Dragon Precision Tools)

You already compete 
globally; Why not look to 
a global supplier for gear 
hobs. One that enables 
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Introduction
Hypoid gears are widely used in many applications, such 

as axles and four-wheel drive transmissions for on- and 
off-highway vehicles. Recent studies on hypoid gearing are 
found in the subject of tooth surface generation and contact 
analysis of hypoid gears manufactured by the face hobbing 
process (Refs. 1–4), noise (Ref. 5) and dynamics (Ref. 6), 
friction and efficiency (Refs. 7–8), wear (Refs. 9–10), lubri-
cation (Ref. 11), as well as lapping and superfinishing (Ref. 
12). For hypoid gear drives applied in heavy vehicle axles, 
durability has been the primary concern. Axle deflections 
have a significant impact on gear tooth strength (Ref. 13) 
while axle deflection data are typically obtained through 
experimental measurements of a loaded axle under certain 
controlled conditions (Ref. 14). Unexpected deflections can 
cause severe edge loading that is detrimental to gear surface 
life as well as noise performance. For heavily loaded hypoid 
gears, flank modifications are particularly critical to achieve 
required durability performance under relatively large axle 
deflections (Ref. 4). There are basically three types of flank 
modifications—profile crowning, lengthwise crowning and 

Effects of Axle Deflection and Tooth 
Flank Modification on

Hypoid Gear Stress Distribution 
and Contact Fatigue Life

H. Xu, J. Chakraborty and J.C. Wang

(Printed with permission of the copyright holder, the American Gear Manufacturers Association, 500 
Montgomery Street, Suite 350, Alexandria, Virginia 22314-1560. Statements presented in this paper are 
those of the author(s) and may not represent the position or opinion of the American Gear Manufacturers 
Association.)

Management Summary
As is well known in involute gearing, “perfect” involute gears never work perfectly in the real world. 

Flank modifications are often made to overcome the influences of errors coming from manufacturing and 
assembly processes as well as deflections of the system. The same discipline applies to hypoid gears. This 
paper, first of all, presents an approach on validating FEA-predicted axle system deflections. Next, influ-
ences of axle deflections and typical flank modifications (lengthwise crowning, profile crowning and twist) 
on contact pattern and stress distribution of the hypoid gear set are simulated by using a face-hobbed hypoid 
gear design. Finally, two groups of experimental hypoid gear sets are made with two different designed 
flank modifications. Actual tooth surface topographies are examined by using a CMM to assure the desired 
flank modifications are achieved. These experimental gear sets are tested to investigate the impact of flank 
modifications on actual gear life cycles. Test results of the sample gears are reported to illustrate the effect 
of tooth flank modifications on contact fatigue life cycles.

twist (Ref. 15). For hypoid gears, in addition to tool geome-
try and basic machine settings, higher-order machine settings 
are also very important to achieve desired flank modifica-
tions (Refs. 15–16).

The objective of this paper is to study the impact of axle 
deflection and tooth flank modification on hypoid gear stress 
distribution and contact fatigue life. First, an approach to 
validate axle system deflections will be proposed. Then, by 
using computer programs and an example of a face-hobbed 
hypoid gear design, influences of axle deflections and typical 
flank modifications on contact pattern and stress distribution 
of the hypoid gear set will be simulated. And finally, sev-
eral experimental hypoid gear sets are made with two differ-
ently designed flank modifications. These samples are tested 
under the high-cycle fatigue drive side in an axle assembly 
to investigate the impact of flank modifications on actual 
gear life cycles.

Methodology
Axle deflection. Axle deflection is one of the most criti-

cal issues in the design and analysis of hypoid and spiral 
continued
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bevel gear drives. Axle deflection is commonly defined, 
as shown in Figure 1, in terms of E, P, G and α, which are 
normally derived from experimental measurements. Positive 
E, P, G and α represent deflections under certain load condi-
tions that would enlarge the pinion offset, pinion mounting 
distance, gear mounting distance and shaft angle, respec-
tively. Countless gear design and analysis software packages 
have been developed and are commercially available today 
that take a predefined set of E, P, G and α to describe the 
rigid body motions and incorporate them into gear contact 
analysis to simulate the loaded contact characteristics of the 
gear drives.

Without knowing the deflections of the axle for which the 
gears are designed, an ideal gear design on paper or a perfect 
development showing on a loose gear set may possibly lead 
to poor performances in axle assembly, such as excessive 
gear tooth wear, low fatigue or impact life cycles and  unac-
ceptable noise and dynamic behaviors. Before a physical 
axle is built, the numerical or analytical method is the only 
way to estimate the deflections. In this study, an FEA model 
is created using ANSYS as shown in Figure 2.  The predicted ANSYS as shown in Figure 2.  The predicted ANSYS
deflection data need to be validated or corrected.

Experimental measurement of the axle deflection is the 
conventional approach to validate the FEA predictions. With 
the availability of a physical axle, actual measurement can 
be conducted. In this study, measurements are taken based 
on the procedure that is similar to Gleason’s procedure (Ref. 
14). Figure 3 illustrates the setup used in this measurement.

However, this type of measurement is very costly and 
time-consuming. Furthermore, measured results for a par-
ticular axle do not apply to other axle models or the same 
model with different configurations. It is not practical, and 
perhaps impossible, to repeat the measurement across dif-
ferent axle models or different configurations. To overcome 
these disadvantages, in this study, an indirect approach is 
proposed to validate the FEA-predicted deflections.

It is known that axle deflections will alter gear contact 
patterns in terms of contact area size, contact path, positions 
and shapes on tooth surfaces as well as transmission errors. 
In other words, under certain controlled conditions, varia-
tions of contact patterns for a gear set are the direct respons-
es from axle deflections. This led to the idea to use computer 
simulations with FEA-predicted deflections to compare sim-
ulated contact patterns to the ones from actual loaded contact 
tests. If, under the same load condition, the simulated contact 
patterns agree with the actual patterns obtained from loaded 
contact tests, then one can consider that the deflection data 
predicted from FEA are valid. If not, the FEA model needs 
to be refined. This is also a development process to achieve 
a valid FEA model for axle deflection analysis. In this 
study, the validation is carried out following the procedures 
described below:

• Conduct loaded contact test per Dana Commercial 
Vehicle System procedure. In this study, loaded contact 
tests were performed at five loading conditions, i.e.—no 

��

��

��

��

Figure 3. Experimental measurement of an
axle deflection

Figure 1—Definition of E, P, G and α.

Figure 2—FEA model of an axle deflection analysis.

Figure 3—Experimental measurement of an axle deflection.
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load; 25% of full load; 50% of full load; 75% of full 
load; and 100% of full load. Pictures of the contact pat-
terns under these loads are recorded as shown in Figure

  4 (a'–e');
• Use a computer program Loaded Tooth Contact 

Analysis (LTCA) to simulate the contact patterns under 
the same five levels of loads. Deflections predicted by 
the FEA analysis at these five loading conditions are 
used;

• Compare respective patterns between simulated and 
actual ones;

• If the comparisons show good agreement between cal-
culated patterns and actual patterns, then the FEA-pre-
dicted deflections are validated. Otherwise, refine the 
FEA model and repeat steps 2 and 3.

In this study, the resulting contact patterns from com-
puter simulation with FEA- predicted deflections are shown 
in Figure 4 (a–e). At all five of these loading conditions, the 
LTCA-simulated patterns agree well with the actual patterns. 
Thus the deflections predicted by the FEA program are con-

sidered valid. The validated deflections can then be used for 
further gear analysis and design improvement. This approach 
can be used for other axle models, provided the loaded 
contact patterns are available. With the development of this 
process, the FEA model can be further refined and trained so 
that one can rely on the FEA-predicted deflections with good 
confidence for future axle/gear design and development.

Flank modifications. Flank modifications to a conjugate 
gear pair are normally designed to avoid edge contact and 
stress concentration, which could result from deflections 
under load, manufacturing errors and misalignment, etc. 
Flank modifications are also desired for ease of manufactur-
ability. There are basically three types of gear tooth flank 
modifications—lengthwise crowning, profile crowning and 
longitudinal twist.

For hypoid and spiral bevel gears, lengthwise crown-
ing is mainly a result of cutter  radius change. Lengthwise 
crowning can also be achieved by cutter head tilt in conjunc-
tion with blade angle modification (Ref. 15). Figure 5 (a) 

Figure 4. Comparison between simulated contact pattern (a--e) and actual painted pattern (a’--e’):
(a--a’) No load; (b--b’) 25% of full load; (c--c’) 50% of full load; (d--d’) 75% of full load; (e--e’) 100%

of full load
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Figure 4—Comparison between simulated contact pattern (a–e) and actual painted pattern (a'–e'): (a–a') no load; (b–b') 25% 
of full load; (c–c') 50% of full load; (d–d') 75% of full load; (e–e') 100% of full load.
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Figure 5. Illustration of flank modification and resulting contact patterns
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Figure 7. Contact patterns and stress
distribution analyzed with pinion blade profile
radii of curvature (a) 20 inches; and (b) 100

inches

(a)

(b)
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Figure 5—Illustration of flank modification and resulting contact patterns.

Figure 6—Contact patterns and stress distribution analyzed 
(a) without deflections; and (b) with deflections.

Figure 7—Contact patterns and stress distribution analyzed 
with pinion blade profile radii of curvature (a) 20 inches; 
and (b) 100 inches.

Figure 9. Contact patterns and stress
distribution analyzed with pinion longitudinal

twist (a) 0 degree; and (b) 1.5 degrees
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(b)
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Figure 8. Contact patterns and stress
distribution analyzed with pinion lengthwise
crowning (a) 0.007 inches; and (b) 0.005

inches

(a)

(b)
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Figure 8—Contact patterns and stress distribution analyzed 
with pinion lengthwise crowning (a) 0.007 inches; and (b) 
0.005 inches.

Figure 9—Contact patterns and stress distribution analyzed 
with pinion longitudinal twist (a) 0 degrees; and (b) 1.5 
degrees.
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illustrates a typical ease-off (also called mismatch, a term 
used to describe the deviations of the actual tooth surfaces 
to theoretical conjugate surfaces) and TCA (Tooth Contact 
Analysis) as a result of lengthwise crowning to the pinion 
member. Profile crowning normally results from blade pro-
file curvature. It can also be achieved by a mechanism called 
modified roll (Ref. 15). Figure 5 (b) shows the ease-off and 
TCA as a result of profile crowning with added blade profile 
curvature. Shown in Figure 5 (c) is an example of ease-off 
and TCA as a result of tooth twist. Tooth twist—also known 
as bias—can be achieved by cutter tilt or using higher order 
machine motions, such as higher orders of helical motion 
and modified roll. These three types of flank modifications 
are often combined to achieve the desired contact pattern, 
ease-off and transmission error. Flank modifications can be 
made to both pinion and gear surfaces, although in practice, 
they are often designed for pinion surface only, for hypoid 
and spiral bevel gears.

In the following section, the impact of flank modifica-
tions on hypoid gear contact pattern and stress distribution 
will be simulated by a computer program. In this program, 
ease-off is characterized by using a two-dimensional qua-
dratic model as a function of spiral angle difference, pressure 
angle difference, lengthwise crowning, profile crowning and 
twist (Ref. 17). The resulting coefficients from a least square 
approximation for lengthwise crowning, profile crowning 
and twist of the quadratic model are defined as the amount of 
respective flank modifications that will be referred to in the 
next section.

Computer simulation of the impacts of deflections and 
flank modifications on hypoid gear contact pattern and 
stress distribution. Given the validated axle deflections—E, 
P, G and α—LTCA —LTCA — is used to investigate the impacts of axle 
deflections and flank modifications on gear contact pattern 
and stress distribution. In this paper, a hypoid gear designed 
with the face hobbing process is used as an example. Figure 
6 (a) shows a loaded contact pattern and contact stress distri-
bution simulated by the computer program without consider-
ing any deflections. From this figure, one may be concerned 
about the edge contact at toe while having no concern at 
heel. However, performing the same analysis—but with the 
consideration of the axle deflections—Figure 6 (b) clearly 
indicates this design may have edge contact at heel with no 
concern at toe. Based on Figure 6 (a), one may consider mak-
ing a reasonable adjustment to shift the pattern toward heel, 
which will, in fact—as is evident in Figure 6 (b)—adversely 
worsen the contact by having severe edge contact at heel that 
could lead to early contact failure. Thus the gear contact pat-
tern must be designed and developed appropriately, based on 
the axle deflection characteristics to avoid the unfavorable 
contact.

Figures 7–9 show the results from LTCA with axle deflec-
tions and with different amounts of flank modifications. In 
this paper, flank modifications are made to the pinion only 

and the ring gear is unchanged. In this study, profile-crown-
ing variations are controlled by using different pinion blade 
curvatures, while all other parameters remain unchanged. 
Figures 7 (a) and 7 (b) show the contact pattern and stress 
distribution with 20- and 100-inch radii of curvature on the 
pinion blade cutting side, respectively.

It is observed that while the overall contact patterns do 
not differ significantly under load, the computed maximum 
contact stress does vary from 2,117 to 2,012 MPa—more 
than a 5% reduction with 100-inch radius of curvature on the 
pinion blade.

In this study, lengthwise crowning is achieved by chang-
ing pinion machine settings, including basic and higher-
order motions with no blade geometry change. Figures 8 (a) 
and 8 (b) show the results with 0.007-inch and 0.005-inch 
lengthwise crowning designed on the pinion tooth surface, 
respectively. It is evident that with 0.005-inch lengthwise 
crowning, the contact pattern is much longer and the maxi-
mum contact stress is about 6% lower.

Figures 9 (a) and 9 (b) show the results with 0-degree and 
1.5-degree longitudinal tooth twist designed on the pinion 
tooth surface, respectively. It is obvious that with 1.5-degree 
longitudinal twist, the contact pattern is longer in the diago-
nal direction, with less than 2% reduction on the maximum 
contact stress. In this study, longitudinal twist is obtained 
by changing basic and higher-order machine settings while 
locking the blade geometry. It should be mentioned that 
in the comparisons above—in Figure 9, for example—as 
a result of longitudinal twist there is also some amount of 
lengthwise and profile crowning change as calculated by 
the computer program. For the comparisons in this section, 
care has been taken to keep the differences—other than the 
targeted modification—as small as possible. Meanwhile, for 
hypoid and spiral bevel gears, the flank modifications can be 
achieved through approaches other than those used in this 
paper, which may result in some different tooth topography. 
Thus, the simulated results should not be taken as exclusive.

Experimental Study of the Impact of Flank 
Modifications on Hypoid Gear Contact Fatigue Life Cycles

Design and test samples. Based on the study in the previ-
ous section, both axle deflections and tooth flank modifica-
tions can evidently impact the contact pattern and stress dis-
tribution. With the given deflection data from FEA analysis, 
two designs are made with the same macro geometry, i.e., 
same tooth combination, pitch diameters, tooth depth pro-
portions, pressure angles, spiral angle, face width, cone dis-
tances and angles, etc. Ring gears for these two designs are 
kept exactly the same. But these two designs have different 
flank modifications on the pinion tooth surface that is often 
called microgeometry change. Seven experimental gear sets 
are developed, four samples for Design 1 and three samples 
for Design 2. Figure 10 (a) shows the representative no-load 
contact pattern for Design 1, and Figure 10 (b) shows the 
representative no-load pattern for Design 2. The theoretical 
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Figure 10. Representative contact patterns from samples of (a) Design 1; and (b) Design 2

(a) (b)

Figure 10—Representative contact patterns from samples of (a) Design 1; and (b) Design 2.

Figure 11—Comparison of theoretical pinion drive side topography: Design 1 (base) and Design 2.

Figure 12—CMM measurement of Design 1: actual pinion drive side topography versus designed Theory 1. 

Figure 13—CMM measurement of Design 2: actual pinion drive side topography versus designed Theory 2. 

Figure 11. Comparison of theoretical pinion drive side topography: Design 1 (base)
and Design 2
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Figure 12. CMM measurement of Design 1: actual pinion drive side topography versus
designed theory 1
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Figure 13. CMM measurement of Design 2: actual pinion drive side topography versus
designed theory 2
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Figure 15. Drive side only high cycle fatigue test results
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Figure 15—Drive side only high cycle fatigue test results.

Figure 14—Representative pinion failures of the seven test samples.Figure 14. Representative pinion failures of
the seven test samples

pinion drive side (concave side) tooth topography of Design 
1 and Design 2 are compared in Figure 11. The numbers in 
Figure 10 are in the unit of 0.0001 inch. It is evident that the 
main differences between these two designs are the ease-off 
at the pinion heel root. Compared to Design 1, Design 2 has 
a 0.0093-inch larger relief at the pinion heel root, an addi-
tional amount of flank modification designed to avoid edge 
contact under heavy load. Other differences between these 
two designs that are calculated by the computer program are: 
spiral angle difference of 0.03 degree; pressure angle differ-
ence of 0.14 degree; lengthwise crowning of 0.0005 inch; 
profile crowning of 0.0017 inch; and longitudinal twist of 
0.555 degree.

A CMM is used to ensure that the actual tooth surface 
topography agrees with the designed theory. In this study, 
four teeth are measured, and the results are averaged to 
eliminate tooth-to-tooth variations. A total 225 points are 
measured by a 15 x 15 grid setup as shown in Figures 12 and 
13. In this paper, only the concave side of the pinion surface 
is reported. The outputs shown in Figures 12 and 13 are also 
in the unit of 0.0001 inch. Figure 12 shows the measured 
pinion concave side topography against the theory of Design 

1. As indicated in this figure, the actual surface topography 
matches the theory very well, with a Sum of Squared Errors 
of 210 (0.0001 in) 2. This measurement also reported 31 sec-
onds and 0 seconds in pressure angle error and spiral angle 
error, respectively. The same conclusion can be drawn from 
Figure 13, which shows the actual pinion surface of Design 
2 against the theory of Design 2. In the case of Design 2, the 
measurement reported 276 (0.0001 in)2 in Sum of Squared 
Errors, 14 seconds in pressure angle error and again 0 sec-
onds in spiral angle error.

Test Results
The four samples from Design 1 and three samples from 

Design 2 are tested for drive-side-only, high cycle fatigue 
per Dana Heavy Vehicle Systems Group’s standard testing 
procedure. All tests resulted in the pinion as the primary 
failed component and pitting failure as the primary failure 
mode. A representative failure of these samples on the pin-
ion is shown in Figure 14. The test results are summarized 
in Figure 15, which clearly shows that all the samples from 
Design 2 with larger pinion heel root relief consistently 
yielded significantly better fatigue lives than samples from 
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Design 1. Resulting B10 life for Design 2 is more than 
double Design 1’s.

Conclusions
This paper presents a study of the impact of axle deflec-

tion and tooth flank modification on hypoid gear stress distri-
bution and contact fatigue life. An approach to validate axle 
deflections has been proposed that eliminates the cost and 
complexity of actual measurements. By using a face-hobbed 
hypoid gear design as an example, the influences of axle 
deflections and typical flank modifications on contact pat-
tern and stress distribution have been simulated. High-cycle 
fatigue test results of several experimentally made hypoid 
gears show that appropriate flank modifications can signifi-
cantly improve gear surface fatigue life.
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Management Summary
A computational fluid dynamics (CFD) method 

is adapted, validated and applied to spinning gear 
systems with emphasis on predicting windage losses. 
Several spur gears and a disc are studied. The CFD 
simulations return good agreement with measured 
windage power loss. Turbulence modeling choices, the 
relative importance of viscous and pressure torques 
with gear speed and the physics of the complex 3-D 
unsteady flow field in the vicinity of the gear teeth are 
studied. 

Introduction
Gearbox windage refers to the power losses associ-

ated with rotational deceleration torques exerted on spin-
ning gears by aerodynamic forces (pressure and viscous) 
within the air-oil atmosphere in a gearbox. Windage losses 
are a source of significant heating and fuel consumption in 
rotorcraft and other systems. Rotorcraft systems require the 
gearing components to be lightweight and heavily loaded. 
The components are also required to operate at high rota-
tional speeds where windage losses become significant with 
respect to other gearbox losses (rolling, sliding and lubrica-
tion) Windage losses are relevant to aircraft design for sev-
eral reasons:

1) They can consume several percent of the transmit-
ted power. This has significant implications for onboard oil 
cooling requirements and lube system capacity, thereby com-
promising range and standby military readiness for rotorcraft 
and carrier-based aircraft.

2) Rotorcraft platform survivability under transmission 
oilout conditions is exacerbated by windage losses, which 
are manifested as added dissipative flow heating to these  
already critically thermally stressed systems.

Despite this significant relevance, design efforts aimed at 
reducing gearbox windage losses have generally fallen into 
the trial and error category. Nevertheless, it has been shown 
by Winfree (Ref. 1) and others that modest geometric modi-

CFD Technology  
for Rotorcraft Gearbox

Windage Aerodynamics Simulation
Matthew J. Hill, Robert F. Kunz, Ralph W. Noack,

Lyle N. Long, Philip J. Morris and Robert F. Handschuh

(Presented at the American Helicopter Society 64th Annual Forum, Montreal, Canada, April 29–May 1, 2008. 
Copyright 2008 by the American Helicopter Society International, Inc. All rights reserved.)

fications to control the air flow path, such as shrouding and 
baffle configurations, can significantly reduce both windage 
losses and lubricating oil consumption (80% and 40% reduc-
tions observed respectively [Ref. 1]). However, these hard-
ware-specific approaches are empirical, expensive and time 
consuming, and to be relevant, they need to be performed 
late in the design cycle.

A host of experimental studies have appeared in the lit-
erature (Refs. 1–8). These studies employ either closed-loop 
systems (Refs. 2–6) or treat isolated gears (Refs. 1, 7 and 8) 
where windage (and other) losses are determined by measur-
ing spin-down velocities once the gear and shaft assembly 
is disconnected from the drive torque. Figure 1 shows a 
diagram of the high-speed helical gear train test facility at 
the NASA Glenn Research Center. It is a closed-loop system 
that has been set up to study the thermal behavior of aero-
space-quality gear components under various speeds, loads 
and lubricant flow rates (Ref. 5).  These studies parameterize 
gear geometry elements, rotational speed, enclosure geom-
etry and lubrication system characteristics (flow rate, jet 
location, lubricant rheology), using dimensional analysis to 
develop correlations for the power losses. These correlations, 
although useful in the design process, are inherently limited 
by the large number of system variables and the attendant 
limited range of their applicability. Of particular concern 
here is the paucity of data/correlations available for high-
speed gears of interest. Indeed, compressibility effects are 
mostly not even considered in the literature, although high-
speed gears can have tip Mach numbers reaching 0.75.

Unfortunately, the physics of these systems are so com-
plex that to date there have been no attempts made to employ 
many modern elements of 3-D computational fluid dynam-
ics (CFD) in analyzing gearbox windage. Recent 2-D stud-
ies (Ref. 9) were performed using the commercial CFD 
solver FLUENT, where a side correlation factor was used 
to account for 3-D effects (although these authors state that 
work is under way to extend their simulations to 3-D) (Ref. 
10). Specifically, the fluid mechanics involve complex, 
separated air flow, disperse multiphase flow (oil droplets), 
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continued

Figure 1—NASA High-Speed Helical Gear Train Facility (Ref. 
5).

A high-Reynolds number k-ε turbulence model and a 
sublayer resolved hybrid k-ε/k-ω turbulence model, due to 
Menter (Ref. 11), are used in the studies that follow. No 
explicit transition model was employed as justified, for now, 
by the small contribution of near-axis viscous torques on 
windage loss.

CFD numerics and code. The CFD code used in this 
work, NPHASE-PSU (Ref. 12), is a parallel face-based, cell-NPHASE-PSU (Ref. 12), is a parallel face-based, cell-NPHASE-PSU
centered, arbitrary-element unstructured multiphase flow 
solver which has been instrumented with overset mesh capa-
bility. The baseline algorithm follows established, segregated 
pressure-based methodology. A co-located variable arrange-
ment is used and a lagged coefficient linearization is applied 
(Ref. 13). Diagonal dominance-preserving, finite-volume 
spatial discretization schemes are used for the scalar trans-
port equations. Continuity is introduced through a pressure 
correction equation, based on the SIMPLE-C algorithm (Ref. 
14).  In constructing cell face fluxes, a momentum interpola-
tion scheme (Ref. 15) is employed, which introduces damp-
ing in the continuity equation. Grid motion/deformation 
terms are implemented in a Geometric-Conservation-Law 
(GCL) preserving fashion (Ref. 16). A dual-time formulation 
is employed where at each physical time-step, between five 
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Figure 2—Parallel efficiency of NPHASE-PSU on Columbia 
system for a l.1x105 cell spinning cylinder case.

continuous multiphase films (lubricating oil on gears), mov-
ing boundaries in contact and all modes of heat transfer. 
Accordingly, for a CFD tool to resolve all of the relevant 
physics of this problem, it must:

• support moving meshes (either adaptive/deforming
  or overset) necessary to resolve the gears in relative  

 motion and contact at the gear face; 

• contain non-equilibrium multiphase flow capabil- 
 ity (separate continuity and momentum equations 

 for each phase; slip between phases) to accommodate  
 the disperse mist/droplet and continuous film flows;

• support suitable turbulence modeling to accommodate 
 the complex high-speed, separated flow within the 
 gearbox and to accurately represent the cascade 
 of energy through turbulence scales into viscous 
 heating;

• possess suitable preconditioned time-stepping algo-
 rithms to efficiently accommodate Mach numbers 
 ranging from near-zero through high-subsonic; 

• support conduction, convection and (for near-failure
  conditions) radiation modeling;

• be parallelized to run efficiently on modern high-
 performance computing (HPC) systems.

Theoretical Formulation Governing Equations
Governing equations. The conservation of mass, momen-

tum and energy can be written in integral conservation law 
form for a compressible flow through a moving mesh as:

(1)

(2)

(3)

In equations 1–3, V is the velocity vector, and W is the 
velocity of the surface element dS, both in the absolute 
frame of reference. In the present work, all verification and 
validation flows studied are either incompressible, or they 
have maximum local absolute Mach numbers of less than 
0.35. Accordingly, for all simulations presented in this paper, 
an incompressible assumption is invoked and the energy 
equation is not solved (except for the thermal Couette flow 
simulation where it is solved subject to a constant density 
constraint).
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and 20 pseudo time-steps of the SIMPLE-C algorithm are 
applied. Specifically, at each pseudo time-step, the discrete 
momentum equations are solved approximately (using a sim-
ple point iterative scheme), followed by a more exact solu-
tion of the pressure correction equation (using the PETSC
(Ref. 17) parallel LU pre-conditioning + GMRES utilities). 

���� � ������������� ������ ��� ��� �������� ������ ���
�����

Figure 3—Computational domain for the rotating Couette 
flowcase.
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Figure 4—Comparison of NPHASE-PSU and analytical solu-
tions for the rotating Couette flow case.
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Figure 5—Sketch of the flow field in the vicinity of an infinite 
span rotating disc.

Turbulence scalar and energy equations are then solved in 
succession. Parallelization is implemented in a standard 
fashion by invoking domain decomposition based on METIS
(Ref. 18) in the front end, and MPI-based message passing in 
the CFD code. All of the large-scale simulations presented in 
this paper were executed on the Columbia supercomputer at 
NASA Ames Research Center. The code scales very well on 
this system, as illustrated in Figure 2.

DiRTlib and SUGGAR. The overset grid approach (Ref. 
19) utilizes a composite grid consisting of a set of overlap-
ping component grids to discretize the domain. No point-to-
point or face-to-face matching is required between compo-
nent grids. The solution on the component grids is linked by 
identifying appropriate intergrid boundary points (IGBPs) 
where the solution is given by a specified boundary value 
obtained by interpolation from another overlapping donor 
component grid. The overset domain connectivity infor-
mation (DCI), which consists of the identification of the 
inter-grid boundary points and corresponding interpolation 
sources, is obtained by an overset grid assembly step. The 
current effort utilizes two overset software libraries to add 
the overset capability to NPHASE-PSU.

DiRTlib (Ref. 20), which stands for Donor Interpolation 
Receptor Transaction library, is a solver-neutral library that 
encapsulates the functionality required by the solver to uti-
lize the overset domain connectivity information. It is inde-
pendent of the solver grid storage and topology, dependent 
variables, etc., and can be used with any solver. 

The current overset grid assembly process is per-
formed using the SUGGAR code (Ref. 21), which stands 
for Structured, Unstructured, Generalized overset Grid 
Assembler. SUGGAR is a general overset grid assembly 
code with the capability to create the domain connectivity 
information at node and/or element centers for most current 
grid topologies, including any combination of structured 
Cartesian and curvilinear, unstructured tetrahedral and mixed 
element, general polyhedral and octree-based Cartesian 
grids. For static grid assemblies with no motion between 
component grids, the grid assembly is a pre-processing step. 
The case of solution and time-dependent motion requires the 
solver to communicate the new body and grid positions to 
the grid assembly process, wait for it to complete, and then 
load the new DCI. For the case of prescribed motion, such as 
used in the present study, the DCI is a-priori-computed and 
saved in a file for each time step in the simulation, and the 
solver simply loads the file appropriate for each time step.

The donor interpolations produced by SUGGAR are a 
set of linear weights that multiply the values at the donor 
members. For a cell-centered flow solver, such as NPHASE-
PSU, the interpolation stencil will use as members the cell 
in the donor grid that was found to contain an IGBP and the 
neighboring cells that share a face with the donor cell. The 
interpolation weights are computed using an un-weighted, 
least-square procedure.
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Results 
Verification studies. In the context of the overset mesh-

ing strategy employed for gearbox windage simulations, the 
meshes will be in motion relative to one another. As indi-
cated above, the approach taken here is to solve the flow in 
the absolute frame of reference for the entire computational 
domain, i.e., on all meshes—those that are rotating and those 
that are stationary. In order to verify that NPHASE-PSU cor-NPHASE-PSU cor-NPHASE-PSU
rectly handles these gear-relevant rotating mesh systems, two 
verification studies were performed—rotating Couette flow, 
and flow near an infinite rotating disc—both of which have 
available analytical solutions.

Rotating Couette flow. Figure 3 is an illustration of the 
33 x 81 (radial x azimuthal) computational domain for the 
incompressible rotating Couette flow case. The r

inner
 and 

inner
 and 

inner
r

outer

boundaries are walls. In this case, inner = 0.5 and outer = 
1.0. The outer cylinder is held stationary and a rotation rate 
of ω= 1s-1 is specified for the inner cylinder. The Reynolds 
number independent analytical solutions for the tangential 
velocity and pressure are:

(4)

(5)

(6)

Figure 4 shows a comparison of the analytical solution 
with three NPHASE-PSU runs, designated Approaches 1, NPHASE-PSU runs, designated Approaches 1, NPHASE-PSU
2 and 3. Approach 1 solves the absolute velocities in the 
absolute frame on a stationary grid (adapting inner cylinder 
boundary conditions accordingly). Approach 2 solves for the 
relative velocities in the relative frame on a stationary grid 
(i.e., frame-of-reference rotating with angular velocity, ω, 
adapting the momentum equation source terms and outer-
cylinder boundary conditions accordingly).

Approach 3 solves for absolute velocities in the absolute 
frame using a time-accurate analysis on a rotating mesh. 
Approach 3 is the most relevant for gear analysis. Figure 4 
illustrates that the code returns the analytical solution for all 
three simulation approaches to within the accuracy of the 
second-order accurate discretization numerics and grid used.

Flow near an infinite rotating disc. The second verifica-
tion case is a classic 3-D exact solution to the incompressible 
Navier-Stokes (N-S) equations. An infinite radial span disc 
rotates with an angular velocity, ω. This induces tangential 
flow in the direction of rotation, radial outflow and an axial 
flow towards the center of the disc. In this case, the N-S 
equations reduce to a system of non-linear ODEs, which 
can essentially be exactly solved numerically. Figure 5 is a 
notional sketch of the flow field from Schlichting (Ref. 22).

Figure 6 shows the 232,662-element unstructured mesh 
employed for the analysis. The extent of the computational 
domain was selected to be r

max
 = 1.0, 

max
 = 1.0, 

max
z

max
 = 1.0. For a choice 

of ω = 1.0 and µ= 1.0 x 10-2, this domain provided that the 
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spinning wall boundary

solution sampled within the region r  < 0.2, z < 0.4 compares 
very closely with the exact solution despite the necessarily 
finite extent of the domain.

NPHASE-PSU was applied using two approaches. 
Approach 1 solves the absolute velocities in the absolute 
frame on a stationary grid (adapting disc boundary condi-
tions accordingly). Approach 2 solves for absolute velocities 
in the absolute frame using a time-accurate analysis on a 
rotating mesh. Figure 7 illustrates that the code returns the 
exact solution for both simulations to within the accuracy of 
the second-order accurate discretization numerics and grid 
used.

Couette flow with wall heating. The third validation per-
formed sought to verify the viscous dissipation term imple-
mentation in NPHASE-PSU. The relevance of viscous dis-
sipation physics to gear windage is significant, as discussed 
above. The analytical solution for the temperature distribu-
tion in a laminar linear Couette flow was chosen. Figure 8 
shows a diagram of the configuration. The product of the 
Prandtl number (Pr ≡ µCp/k) and the Eckert number (Ec ≡ 
U2/C

p
(T1T1T  – T0T0T )), PrEc, is a measure of the role of viscous 

dissipation in a flow. The nearly exact comparisons between 
CFD result and the analytical solution, shown in Figure 9, 
across a range of PrEc, illustrates that the viscous dissipation 
terms in NPHASE-PSU are implemented correctly.NPHASE-PSU are implemented correctly.NPHASE-PSU
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Figure 7—Comparison of NPHASE-PSU and exact solutions 
for the infinite span rating disc.
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Validation studies. The experimental data of Diab, et al. 
(Ref. 8) was used to validate NPHASE-PSU for the case of NPHASE-PSU for the case of NPHASE-PSU
un-shrouded, isolated, rotating spur gears. Diab, et al. tested 
four different spur gears and a disc in free air on a spin-down 
test rig. The gears varied in diameter, width and tooth count. 
The properties of the gears and disc are provided in Table 
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Table—1 Diab et al.(Ref. 8). Gear Properties.
Pitch 

Diameter(mm)
Tooth Width

(mm)
Module
(mm)

Gear 1 288 30 4

Gear 2 144 30 4

Gear 3 144 60 4

Gear 4 144 60 6

Disk 300 30

Figure 8—Illustration of the linear heated Couette flow case.

Figure 9—Comparison of NPHASE-PSU and exact solutions 
for the linear heated Couette flow case.

Figure 10—Grid topology of Gear 4.

Figure 11—Example convergence history for Diab Gear 4.

Figure 12—Comparisons between the experimental results 
and the NPHASE-PSU analysis.

Figure 13—Effect of turbulence model selection on viscous 
work prediction.

1. Diab, et al, did not study the effects of gear enclosure or 
lubrication. A sequence of prescribed constant rotation rate 
simulations was used to replicate the experiment.

Single grid simulations. Grids were generated for all 
four spur gears and the disc. For the gear studies where the 
high-Reynolds number k-ε turbulence model was used, near-
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continued
Figure 17—Predicted surface pressure distributions for the 
four Diab gears.
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wall grid spacing was defined to accommodate wall-func-
tions (e.g., y+ ~ 70 for gear 1, ω= 1000s–1). The single plane 
of symmetry in the problem was exploited to reduce total cell 
count by a factor of 2. Grid cell counts for the different cases 
varied between 2 x 106 (Gear 4) and 8 x 106 (Gear 1). Grid 
generation was further simplified by employing a hybrid 
mesh topology, as illustrated in Figure 10. Specifically, for 
the regions above the surface of the gear teeth to the outer 
boundary, structured hexahedral cells were used. For the 
region above the gear face surface, unstructured prism cells 
were employed. The meshes were generated using the com-
mercial grid generation software package Gridgen (Ref. 23). 
The computational domain of the isolated gear grids was 
extended to approximately five times the gear radius from 
the gear surface in all directions. This distance was adequate 
for defining a symmetry boundary condition since the flow is 
nearly stagnant there.

An azimuthal step size of 1/40th of one tooth passage 
duration (the time it takes one tooth to rotate to the position 
of the tooth adjacent to it) was used in all CFD calculations. 
This corresponds to 2,880 time-steps-per-gear revolution 
for Gear 1, 1,440 time steps for Gears 2 and 3, and 960 time 
steps for Gear 4. All cases used 10 pseudo-time iterations per 
physical time step.

CFD runs were made for four gears and the disc at a 
number of rotation speeds. All cases were run for at least 
two complete revolutions to remove simulation startup tran-
sient behavior. Convergence histories show that transients 
leave the solution after about one revolution, as illustrated 
in Figure 11, where it is also observed that pseudo-time 
residual drop approximately two orders of magnitude in each 
physical time step when 10 pseudo-time steps are used per 
physical time step.

Comparisons between the power loss results of Diab et 
al., (Ref. 8) and the NPHASE-PSU analysis are presented in NPHASE-PSU analysis are presented in NPHASE-PSU
Figure 12 for all four gears. The CFD analysis for all four 
gears exhibited very good agreement with experiment. The 
disc case, however, did not share this same level of agree-
ment, as illustrated in Figure 13, where NPHASE-PSU 
results are seen to under-predict the measured power loss. In 
order to elucidate the reasons for the deterioration in solution 
accuracy observed for the disc case, a number of observa-
tions and studies were made. First, it is observed that the 
measured (and computed) windage loss power levels for the 
disc are much smaller than the comparably sized spur gear 
(Gear 1, D ~ 300 mm). This arises due to the absence of any 
azimuthal pressure variation in the disc flow. Torque losses 
are due entirely to viscous effects, and these are clearly under 
predicted. Indeed the absolute magnitudes of loss under-pre-
diction between the disc and Gear 1 are comparable (e.g. ~
50W @ 600s–1), so presumably this under prediction of shear 
is present in all of the gear simulations; however, its relative 
magnitude is small.

To explore this further, the low-Reynolds number Menter 
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Figure 14—Breakdown of windage power losses for Diab 1.

Figure 15—Breakdown of windage power losses for Diab 2.

Figure 16—Predicted velocity vectors in the symmetry plane 
of a Diab gear.
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model was applied to the spinning disc case (using an appro-
priate sublayer resolved mesh). Figure 13 illustrates that 
improved turbulence modeling does benefit solution accura-
cy, especially at higher rotation rates. This observation is not 
as important for the gear cases since the spindown torques 

Figure 18—Predicted relative frame streamlines and isosur-
face of a high pressure region for Diab Gear 4.

Figure 19—Verification study: 3-D overset grid solution and 
topology for Diab Gear 4.

Figure 20—Validation study: 3-D overset grid topology for 
Dawson shrouded gear.

associated with azimuthally varying pressure forces in the 
vicinity of the gear teeth dominate the viscous forces as 
shown in Figures 14 and 15. It can be seen that, especially at 
lower rotation rates, the contribution of viscous loss to total 
windage loss, is small. However, we do observe that at high-
er pitchline velocities, the relative magnitude of the viscous 
torque increases with respect to the pressure torque. This can 
be seen for higher rotation rates on Gear 1 (Fig. 14), as well 
as by considering the smaller size (and hence lower pitchline 
velocities) of Gear 2 (Fig. 5).

Results suggest that for the very high-speed gears to 
be encountered in rotorcraft (and other high-performance 
aircraft) transmissions, viscous effects will become more 
important than encountered here and will require attendant 
research attention. 

Details of 3-D flow field. A number of important physi-
cal features of the predicted flow field are available upon 
interrogation of the CFD simulations. Figure 16 shows a 
view of the predicted secondary velocity vectors on the sym-
metry plane in the gear-relative frame of reference for one of 
the Diab cases. One can see a significant vortical structure 
within the gear tooth region, and the tooth-to-tooth periodic-
ity that has been achieved in the transient simulation. Figure 
17 shows a view of the predicted surface pressure distribu-
tions for the four Diab gears. There, comparatively large vs. 
small pressures are observed on the leading and trailing tooth 
faces, this difference being the source of the pressure com-
ponent of the spin-down torque. The 3-D nature of the flow 
in these relatively low aspect ratio spurs gears is also clearly 
seen (figure shows only 1/2 of each gear). Significant 3-D 
effects are also clearly visualized in Figure 18, where gear-
relative streamlines are displayed in the near-tooth region 
along with an isosurface of predicted static pressure in a 
region of high pressure.

Overset grid simulations. As of this writing, the overset 
capability for spinning gear simulations has been established 
in NPHASE-PSU. In this context, we are pursuing an over-
set verification effort and a relevant validation effort. The 
verification effort involves solving isolated spinning gear 
cases studied above using a rotating near-gear mesh and a 
stationary far-field mesh, the necessary approach to be used 
in ongoing gearbox windage activities. Figure 19 shows a 
view of an overset Diab Gear 4 simulation. Surface pres-
sure contours are displayed, along with overset gear and 
background meshes on the symmetry plane. As expected, 
the CFD code returns nearly identical results for this moving 
grid overset simulation to the non-overset results reported 
above. We continue to parameterize gridding requirements 
in the overlap region, including the proximity of the overlap 
region to the gear in assessing the retained accuracy of the 
overset approach.

The validation effort under way involves simulating a 
series of shrouded low-speed gears for which windage loss 
measurements were made by Dawson (Ref. 7). To date, we 
have developed valid overset assembly grid topologies for 
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this, as shown in Figure 20, and anticipate reporting CFD 
analysis for these configurations in the near future.

Conclusion
This paper has summarized the adaptation and valida-

tion status of a CFD method for gear windage aerodynamics. 
Validation studies of 3-D spur gears in free space demon-
strate very good agreement with published data. The follow-
ing conclusions apply:

1) Viscous/turbulence modeling was identified as a short-
coming since loss power was consistently under-predicted 
for the viscous-drag-only spinning disc cases. 

2) Low-Reynolds number (sublayer resolved) turbulence 
modeling exhibited improved performance for this case.

3) High-Reynolds number two equation modeling proved 
appropriate for modeling the moderate speed Diab spur 
gear suite, due apparently to the dominance of the pressure 
torques on spin-down.

4) The budgets of viscous and pressure components of 
spin-down torque suggest that viscous effects will become 
much more important, perhaps exceeding 50%, for gears 
with pitchline speeds approaching twice that investigated 
here. 

5) Overset meshing is and will continue to be a critical 
enabler in this effort. The capability has been established and 
demonstrated here and will become integral in further studies 
where the isolated gear assumption will not be relevant.
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September 7–9—Gear Manufacturing Trouble-
shooting Course. Anaheim, CA. This training school 
for gear manufacturing is a basic course offered 
by the Gear Consulting Group in regional versions 
throughout the year to reduce the time employees 
spend out of the offi ce while training. Another session 
this year will take place in Ontario, Canada, date to be 
announced. Instructors Geoff Ashcroft and Ron Green 
teach participants both theory and practical aspects 
of gear manufacturing while imparting knowledge of 
everyday problems and understanding how to think 
through troubleshooting. Tuition is $750 and includes a 
reference manual and certifi cate of completion from 
AGMA. For more information, call (269) 623-4993, or e-
mail gearconsulting@aol.com.

September 15–17—Gear Expo. Indianapolis. For the 
fi rst time since 1995, the gear industry’s premier trade 
event returns to Indianapolis featuring fi ve pavilions on 
the show fl oor: aerospace, breakdown, energy, powder 
metal/plastics and tooling. AGMA anticipates more than 
175 exhibitors and 3,000 attendees from 43 states and 
36 countries. This year’s Gear Expo is co-located with 
the Heat Treating Society’s Conference and Exposition, 
which is expected to add another 3,000 attendees 
and 180 exhibitors. For more information, go to www.
gearexpo.com or visit our gearexpo.com or visit our gearexpo.com Gear Technology Gear Expo 
Showroom at www.geartechnology.com/gearexpo.

September 15–17—SME Gear Manufacturing 
Conference. Indianapolis Convention Center, 
Indianapolis. This SME conference within Gear Expo runs 
Tuesday and Wednesday from 9 a.m. to 4 p.m. Features 
include a full lineup of 14 speakers and diverse topics from 
calibration and measurement uncertainty with Edward 
Lawson of Gleason-M&M Precision Systems Corp. to tool 
resharpening procedures for maximizing tool life with 
Ken Nemec of American Broach and Machine. Other 
topics include carbon dioxide cooling for cutting gears, 
coatings, metalworking fl uids, gear metals, process 
optimization and developments in the wind industry. For 
more information, visit www.sme.org/gears.

September 28–30—Gear Failure Analysis Seminar. 
Big Sky Resort, Big Sky, MT. AGMA’s Technical Academy 
and Robert Errichello of GEARTECH present students with 
complete knowledge of gear failure, what to watch 
out for and how to resolve problems. The seminar was 
expanded this year to two full days of discussion plus a 
half-day workshop for students to investigate and solve 
real gear failure scenarios. Errichello uses lectures, slide 
presentations, hands-on workshops with failed gears and 
Q&A sessions. The course is suitable for gear engineers, 
users, researchers, maintenance technicians and 

lubricant experts or managers. Cost is $895 for AGMA 
members, $995 for nonmembers. Register online at www.
agma.orgagma.orgagma.or  until August 28.g until August 28.g

September 29–October 1—Aero and Defense Test 
09/ITEA Annual Symposium. Baltimore Convention 
Center, Baltimore, MD. This annual event for aerospace 
and defense R&D, test and evaluation and operational 
test and evaluation features a trade show with 
approximately 150 exhibitors providing testing, inspection 
and evaluation software and products. The expo is 
complemented by a series of technical, business and 
educational programs that includes the International Test 
and Evaluation Association’s (ITEA) annual symposium, the 
Society of Manufacturing Engineers’ aerospace quality 
manufacturing conference, the Aerofuel Alternative 
Fuel and Fuel Cells Symposium and the Global Aircraft 
Recycling Symposium. For more information, visit www.
aerodefensetest.com. 

September 30–October 2—Fundamentals of 
Gear Design. UWM School of Continuing Education, 
Milwaukee, WI. This beginning knowledge course is 
presented by Raymond Drago and the University of 
Wisconsin School of Continuing Education. It presents 
basic modern gear system design and analysis with 
emphasis on proper selection, design application 
and use, as opposed to fabrication. Topics include a 
short history, basic gear nomenclature, types of gears, 
gear arrangements, theory of gear tooth action and 
failure modes and prevention. Cost is $1,095. For more 
information, contact Murali Vedula, program director, 
(414) 227-3121 or mvedula@uwm.edu. 

October 26–29—Furnaces and Atmospheres for 
Today’s Technology. Holiday Inn Express, Meadville, 
PA. This annual event hosted by Seco/Warwick allows 
industry specialists to present the latest improvements in 
heat treat furnaces and provide  practical information 
for companies new to heat treating. The format this year 
has been changed to present information on support 
technologies and industry trends. Speakers will address 
the history and progress of the technology while providing 
information on process development over the past 
year. Topics include furnace selection and application, 
fundamentals of heat transfer, nature of vacuum, leased 
atmospheres, alloy applications, temperature control, 
heating elements and power control units. Dan Herring, 
aka the “heat treat doctor” is the keynote speaker. 
For more information, visit www.secowarwick.com/
F&A.html, or contact Gary Armour at (814) 332-8558 or l, or contact Gary Armour at (814) 332-8558 or l
garmour@secowarwick.com.
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Merit Gear 
EXPANDS 
HEAT TREATING 
CAPABILITIES

Merit Gear LLC, a precision gearing company, has 
invested in a major plant expansion to accommodate in-
house machining and heat-treating equipment. The com-
pany was founded in 1952 to service tractor replacement 
and general machine applications. Merit Gear has continu-
ously expanded its capabilities and operations to service and 
broaden its customer base. That includes new industries that 
utilize gearboxes in applications such as mining, water well 
drilling, oil field, fire trucks and the rapidly growing wind 
energy market.

This recent investment consisted of a 52,000-square-foot 
building expansion, of which 10,000 square feet were dedi-
cated to a heat treating cell and additional machining equip-
ment. The expansion has allowed Merit Gear to increase 
machining capability for processed parts up to 132" (3.35 
meters) in diameter. The in-house heat treating capability, 
which was previously limited to small-batch, integral quench 
furnaces, has been increased to include large-atmosphere, 
pit-type furnaces and auxiliary equipment capable of pro-
cessing 30,000-pound loads up to 90" in diameter. The new 
heat treating equipment was designed to process large gear 
and pinion products that require optimal temperature and 
atmosphere control to meet challenging process require-
ments.

 The heat treating facility expansion was designed, manu-
factured and installed by Surface Combustion, Inc., located 
in Maumee, OH. The heat treating cell features three radi-
ant-tube-heated, atmosphere-type pit carburizing furnaces, 
two direct-fired pit temper furnaces and two companion oil 
quench tanks. Surface Combustion completed the commis-
sioning of the equipment and the training of Merit Gear’s 
personnel in January of 2009. In addition to the heat treating 
equipment, auxiliary equipment to complete the expansion 
included two 25-ton building cranes, a washer system and a 
shot blast system.

Heat Treating Equipment Design Features
The new pit-carburizing furnaces include many features 

and provide consistent, repeatable process cycles resulting in 
high-quality parts being produced. The furnaces are in effect 
heated by radiant tubes surrounding the outside diameter of 
the workload area. These tubes use non-recuperated natural 
gas burners. This design approaches the system efficiency 
of recuperated designs due to the correct application of the 
burners on long heat treating cycles required for deep case 
depths. As an added feature, “plunge cooling”—or acceler-
ated cooling of the large furnace loads prior to quenching—
can be accomplished by passing cool air through the inside 
of the radiant tubes. 

Each pit-carburizing furnace is configured to operate 
with Merit Gear’s existing nitrogen/methanol atmosphere 
system. The system includes a high/low flow feature to 
allow atmosphere conservation during the long heat-treat-
ing cycles. A closed-loop carbon potential control system is 
included for precise furnace atmosphere control. This system 
utilizes a process controller and oxygen probe arrangement 
to monitor carbon levels in the furnace. As an enhancement 

Plunge—accelerated—cooling of the large furnace loads 
prior to quenching can be accomplished by passing cool 
air through the inside of the radiant tubes (courtesy Merit 
Gear).

Each quench tank includes multiple agitators working in 
conjunction with a fully baffled workload area to direct high-
velocity oil around the parts to be quenched (courtesy Merit 
Gear). 
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FREE
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KISSsoft USA, LLC
3719 N. SPRING GROVE ROAD
JOHNSBURG, ILLINOIS 60051
PHONE (815) 363 8823
DAN.KONDRITZ@KISSsoft.COM

AGMA 
PUBLISHES BEVEL GEAR 
MEASUREMENT REPORT

AGMA recently announced the publication of a new 
ISO Technical Report for the gearing community. ISO/TR 
10064-6, Code of inspection practice–Part 6: Bevel gear 
measurement methods, is designed to provide technical 
information regarding the measurement of unassembled bevel 
and hypoid gears and gear pairs. It is intended to permit the 
manufacturer and purchaser to conduct measuring procedures 
that are accurate and repeatable to a compatible degree with 

Philadelphia Gear 
Hires 
Middle East Sales Engineer

 
Philadelphia Gear Corp-

oration has appointed R.K. 
Kumar as sales engineer for 
the United Arab Emirates. 
Kumar will be responsible 
for developing key accounts 
in the energy market and 
will handle daily customer 
relation activities. Kumar 
brings more than 15 years of 
experience in heavy industrial 
fi eld work, sales and service 
of gas turbines and other 
related products. He was 

recently a customer support engineer with Sun Power Gen 
Systems and Services. He earned his bachelor’s degree in 
mechanical engineering from the Institute of Engineers, 
Calcutta University in Calcutta, India.

“We are encouraged by the depth of global experience 
R.K. Kumar brings to the Philadelphia Gear Corporation 
sales team,” says James Aston, Middle East Region sales 
director. “Our customers in the United Arab Emirates will 
benefi t greatly from his varied skills developed in working 
with high-profi le energy market companies throughout the 
Middle East.”
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www.surfacecombustion.cowww.surfacecombustion.co

to the control system and its capabilities, a sample part test 
port is included in the furnace cover to allow in-process 
evaluation of the carburizing process. The test port provides 
for the removal of test pins for quenching and review of the 
results prior to completion of the cycle for the load being 
processed. This evaluation allows for the long furnace cycles 
to be adjusted in real time as needed for precise part carbon 
profiles.  

To provide uniform temperatures and atmosphere flow 
to the work being processed, each furnace is provided with 
Surface Combustion’s patented vibration damping fan design 
mounted on the furnace cover. The fan works in conjunction 
with an internal alloy shroud for improved atmosphere and 
heat circulation. Thermal profiles performed during the com-
missioning period of the furnaces showed temperature uni-
formity within the effective workload area of the furnace to 
be within ± 10 degrees Fahrenheit between the temperatures 
of 1,550 and 1,750 degrees Fahrenheit. 

After heating and processing parts in the carburizing fur-
naces, the overhead building crane is utilized to remove the 
load and transfer it into one of the 30,000-gallon oil quench 
tank systems. Each quench tank includes multiple agitators 
working in conjunction with a fully baffled workload area to 
direct high-velocity oil around the parts being quenched. The 
quench system includes an air-to-oil heat exchanger system 
and a gas-fired immersion radiant-tube heating system to 
either cool or heat the oil and provide precise control of the 
quench oil temperature for the critical quenching process.

At the completion of the quench portion of the heat treat-
ing process, the parts and fixture are transferred to the batch 
washer unit. The washer is an integrated cleaning unit that 
uses a gas-heated, alkaline-type system. It incorporates a 

continued

The expansion has allowed Merit Gear to increase their 
machining capability for processed parts up to 132” (3.5 
meters) in diameter (courtesy Merit Gear).
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high-pressure spray arrangement to remove residual quench 
oil from the parts prior to the tempering portion of the cycle. 

Two direct gas-fired pit temper furnaces are provided—
not only to provide the post-quench temper requirements, but 
also to allow for load pre-heating prior to loading into the 
pit-carburizing furnaces. 

The furnaces have a wide operating temperature range to 
service both the pre-heat and temper portions of the overall 
process requirements. The maximum operating temperature 
is 1,200 degrees Fahrenheit. The furnaces are an extension 
of Surface Combustion’s patented high-convection design, 
which utilizes a circular wind flow along the inside of the 
furnace wall in conjunction with a second circular pattern in 
the center of the furnace. These patterns are fed back to the 
cover-mounted fan unit and burners to promote overall tem-
perature uniformity throughout the work area of the furnace. 
With this design, the measured temperature uniformity in the 
effective workload area was within ± 10 degrees Fahrenheit. 

Specific Heat Treatments
As previously stated, components heat treated in Merit 

Gear’s new pit furnace equipment include very large gears 
and pinion products. The largest gear products may exceed 
12,000 pounds per gear, with gross loading capacity in the 
furnaces being 30,000 pounds for multiple-part loads. The 
typical carburizing process cycles require very deep, effec-
tive case depths between 0.080" and 0.120". Cycles to obtain 
these case depths can require days. 

The current and future growth of the energy mar-
ket requires ever-increasing part sizes, specifical-
ly requiring larger and better-engineered gearbox- The 2009 International Conference on Powder Metallurgy 

and Particulate Materials took place June 29 in Las Vegas, 
and the industry used the opportunity to present awards to 
Animesh Bose, named to the 2009 Class of Fellows, and 
several individuals recognized for distinguished service to 
the field of powder metallurgy.

The following professionals received a Distinguished 
Service to Powder Metallurgy Award: Gary L. Anderson, 
vice president of engineering, Keystone Powdered Metal 
Company; John C. Hebeisen, former president, Bodycote 
HIP, Inc.; Thomas J. Jesberger, chief technology officer, 
Abbot Furnace Company; Shiz Kassam, director of advanced 
product engineering, Keystone Powdered Metal Company; 
Lou Koehler, president, Koehler Associates LLC; Kalathur 
S. Narasimhan, vice president, chief technology officer, 
Hoeganaes Corporation; Charles L. Rose, former sales man-
ager of PM Tooling division, Bronson & Bratton Inc.; John 
A. Shields, Jr., principal, PentaMet Associates, LLC and 
president, Mill Creek Materials Consulting; Thomas L. 
Stockwell, Jr., former business account manager, Burgess-
Norton Mfg.; Ted A. Tomlin, former vice president of tech-

PM Conference 
AWARDS FELLOW, 
DISTINGUISHED SERVICE

es. Merit Gear has invested in the equipment and 
technology to produce these products efficiently.

For more information:
Merit Gear LLC
810 Hudson Street
Antigo, WI 54409-0468
Phone: (800) 756-3748
Fax: (715) 623-2290
info@meritgear.com
www.meritgear.com

Surface Combustion, Inc. 
1700 Indian Wood Circle
Maumee, OH 43537 
Phone: (419) 891-7150
Fax: (419) 891-7151 
info@surfacecombustion.com

Merit Gear has invested in a major plant expansion to 
accommodate in-house machining and heat treating equip-
ment (courtesy Merit Gear).
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Gear
Research 
Institute
SHIFTS LEADERSHIP

Upon his retire-
ment from the 
Gleason Corporation 
at the end of 2008, 
Gary Kimmet also 
stepped down from 
his role as president 
of the Gear Research 
Institute. “We wish 
Gary the very best 
in his retirement and 
thank him profusely 
for his long and 
selfl ess service to 
the institute,” says 
Dr. Suren Rao, 
managing director. “As a good friend I have known since the 
1980s, when I was in the industry, I will miss him, his support 
and his counsel.”

Sam Haines of Gear Motions was elected president of 
the Gear Research Institute by the board of directors. Jack 
Masseth of Arvin Meritor was elected secretary and Al Swiglo 
of Northern Illinois University will continue as treasurer. 
Charlie Fischer, vice president of AGMA’s technical division, 
was nominated by AGMA to the institute’s board of directors 
as a replacement for Kimmet. 
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the tolerance grades in ANSI/AGMA ISO 17485. The paper 
was prepared by ISO TC 60/Working Group 2 with the input 
of leading U.S. experts from the AGMA Gear Accuracy 
Committee. It can be purchased in electronic format at www.
agma.org.

The number 815 electric rotary 
hearth oven, from Grieve Corporation, 
is currently being used by a customer to 
preheat various gears, usually steel and 
sometimes aluminum, before assembly 

The dimensions of the unit’s interi-

Visit us

Booth #1336

continued

The MPIF handed out various industry awards at the Industry 
Recognition Luncheon held during PowderMet2009 (courtesy 
of MPIF).

nology, FloMet LLC; and Robert F. Unkel, former manager 
of PM marketing, Cincinnati Incorporated.

Bose is president of Materials Processing, Inc., in Haltom 
City, TX. The Fellow Award is given to American Powder 
Metallurgy Institute (APMI) members who have made sig-
nificant contributions to the society and have great expertise 
in PM technology and the practice or business of the PM 
industry. Fellows are elected based on their professional, 
technical and scientific achievements, continued professional 
growth and development, mentoring/outreach and APMI 
contributions.

With 25 years dedicated to the PM industry, Bose is rec-
ognized for his work in materials processing. His promotion 
of powder injection molding technology is known interna-
tionally from his licensing and technology transfer undertak-

Animesh Bose (right) accepts the 2009 Fellow Award from 
Nick Mares, APMI president (courtesy of MPIF).
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ings. He has also made contributions in alloy development 
emphasizing refractory metals, carbides, hard metals, inter-
metallic compounds and other advanced materials.

Bose received a bachelor’s degree in metallurgical engi-
neering and a doctorate in engineering from the Indian 
Institute of Technology, Kharagpur. He co-founded Materials 
Processing, Inc. in 1999, which specializes in precision 
injection molding of hard materials, cermets and advanced 
ceramics.

Bose has been a member of APMI for more than 23 
years, and he has served on the board of directors. He also 
has served as co-chairman of several international conferenc-
es, including six Metal Powder Industries Federation (MPIF) 
conferences on tungsten, refractory and hard materials, and 
he has served on various technical program committees. He 
has authored over 115 technical papers, several books and is 
named in eight U.S. patents.

The following industry leaders received MPIF’s Distinguished 
Service to Powder Metallurgy Award at PowderMet2009 
(shown from left to right): Charles L. Rose, John A. Shields, 
Jr., Thomas L. Stockwell, Jr., Ted A. Tomlin, Robert F. Unkel, 
Kalathur S. Narasimhan, Lou Koehler, Shiz Kassam, Thomas 
J. Jesberger, John C. Hebeisen, and Gary L. Anderson (cour-
tesy of MPIF).

James Marsch is now engineering manager, North 
America for Kisssoft, U.S.A., LLC. He has over 40 years 
of practical engineering design and manufacturing experi-
ence including eight years of specific application support 
and consulting projects involving metal and plastic gear-
ing for a range of customers. He has been employed by 
Allis-Chalmers, Harnischfeger Corporation, Morris Material 

Kisssoft 
APPOINTS 
ENGINEERING MANAGER
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“The ND300 is able to take 
extremely precise measure-
ments of various gear types 
that we test. This allows us 
another method to differentiate 
our products from our 
competitors. PECo’s customer 
service has been extraordinary 
and I look forward to working 
with them in the future.”

Kevin Streck
Lubrizol

Timesaver
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You’ll love our disappearing act.
Only Timesaver lapping 
compounds end up as a 
fi ne powder that virtually 
disappears from any metal 
surface. Our compounds 
are guaranteed not to 
imbed in any metals. 
There is no real cleaning 
at all. Allowing you to save 
signifi cant time fi nishing 
your products.

Needless to say, 
Timesaver compounds 
work like magic.

Timesaver
Lapping Compounds.

Abrasive to
Polish to
Powder.

Micro Surface Corporation
270 Hillsdale Ave. • San Jose, CA 95136
408-723-0700 • email: info@ws2coating.com
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The newly established organization that seeks to promote 
manufacturing system interoperability seeks new members to 
assist in developing and promoting the standards and materials 
required to implement MTConnect.

MTConnect Institute 
SEEKS MEMBERS

Gear Technology, a 
manufacturer of precision 
gears for aerospace, military 
and commercial industries, 
has signed a fi ve-year 
manufacturing agreement 
with Triumph Gear 
Systems, a group company 
of Triumph Aerospace 
Systems, headquartered in 
Park City, Utah. 

Terms and conditions of the agreement provide a mutual 
benefi cial business relationship between our two companies, 
according to Tom Marino, president of Gear Technology. 

“Gear Technology will be contract-manufacturing 
precision-quality machine gear products including shafts, 
splined rings, splined spacers and clutch plates for military V-
22 Osprey Tilt-Rotor Aircraft,” Marino says. “Our integrated 
manufacturing processes, including sophisticated job 
tracking systems, ensure products are produced with careful 
attention to the most intricate engineering detail and product 
specifi cations. The company also offers gear blanking, 
engineering consultation and sophisticated inventory 
management services.”

Gear 
Technology 
SIGNS 
AGREEMENT 
WITH TRIUMPH
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The American Society for Testing and Materials (ASTM) 
has recently approved two international standards for 
properties of sintered metallurgy products. The new standards, 
ASTM B962: Test Methods for Density of Compacted or 
Sintered Powder Metallurgy Products Using Archimedes’ 
Principle, and ASTM B963: Test Methods for Oil Content, 
Oil-Impregnation, Effi ciency, and Interconnected Porosity 
of Sintered Powder Metallurgy, are based on tests originally 

The Adcole Corporation has bought out Komatsu-NTC 
from their joint venture, Adcole Far East Ltd., in Tokyo. 
Terms of the deal were not disclosed though Komatsu is 
reportedly consolidating their business units. According to the 
company’s press release, Adcole saw this as an opportunity to 
reinforce their relationship with Far East customers including 
Toyota, Nissan, Honda, Mazda, Mitsubishi, Mitsubishi 
Heavy, Yanmar Diesel, Hyundai, Kia, GM Daewoo and 
others. Adcole’s measuring machines are used by engine 
manufacturers to help meet quality objectives in the gage 
room and on the shop fl oor. 

“Despite the global recession and its impact on the 
automotive, trucking and heavy equipment industries, Adcole 
has chosen to buy out Komatsu-NTC to position ourselves for 
the economic recovery and our continued growth worldwide,” 
says J. Brooks Reece, vice president.

Adcole 
PURCHASES KOMATSU-NTC 

ASTM International
APPROVES NEW STANDARDS

74

professionals and advanced graduate students,” says Boris 
Marrone, LMS International area manager SEA/Pacifi c. “We 
are taking an important role by keeping the local industry up 
to speed with what is happening around the globe.” 
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Moore Gear and Manufacturing’s Hermann, MO facil-
ity now includes approximately 54,750 square feet after two 
expansion projects were completed. 

The east side of the building is now 7,500 square feet 
bigger than before. This improved the shipping depart-
ment by adding loading docks and space for maneuvering 
shipments in and out of the factory. A former industrial 
facility adjacent to the property was acquired as part as the 
expansion to the west side of Moore Gear. This is a 13,500- 
square-foot building that rests on four and half acres of 
level land. Moore intends to use the facility to store surplus 
machines, stock material and to free manufacturing space in 
Moore’s original building.

The building expansions also included new additions 
in CNC equipment to increase capacity and productivity. 
Machinery added includes a CNC gear hobber, hob sharp-
ener, gear checking machine, 10-foot long CNC machining 
center, gear rack milling machine and cylindrical grinder.

Moore Gear 
COMPLETES 
BUILDING EXPANSIONS

Handling and Universal Technical Systems.
Marsch will provide engineering consulting, customer 

support and training in North America for Kisssoft. “We are 
fortunate to have Jim join our team here and look forward to 
offering our customers more services,” says Dan Kondritz, 
national sales manager for Kisssoft, U.S.A.

Nordex 
Opens 
North American Headquarters

On May 5, German wind turbine manufacturer Nordex 
officially opened its U.S. headquarters in downtown 
Chicago. The decision to set up shop here was influenced by 
the central geographic location in North America, proximity 

continued
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professionals and advanced graduate students,” says Boris 
Marrone, LMS International area manager SEA/Pacifi c. “We 
are taking an important role by keeping the local industry up 
to speed with what is happening around the globe.” 

to areas of major wind industry growth and environmental 
leadership by the city.

“Centering our business in Chicago brings us closer to 
our customers and suppliers and puts us in the heart of the 
wind industry,” says Ralf Sigrist, president and CEO of 
Nordex. “It will also support our strategy of generating 20 
percent of global revenues here, while helping the U.S. to 
achieve its ambitious renewable energy goals and to build a 
vibrant domestic industry.”

Mayor Richard M. Daley expressed his enthusiasm and 
welcomed Nordex USA to Chicago at a news conference. 
“When a company such as Nordex makes a commitment like 
this one, it sends a strong message to the business communi-
ty that our leaders work together and that Chicago can meet 
the needs of any company in the world—from the largest to 
the smallest.”

Nordex currently employs 2,200 people worldwide and 
has experienced over 50 percent growth in sales for the 

(courtesy of Nordex)
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Martha Wyrsch has been 
selected to serve as presi-
dent for Vestas Americas, 
the business unit responsi-
ble for wind turbine sales, 
installation and service and 
maintenance in the United 
States and Canada. Wyrsch 
has almost 20 years of expe-
rience in the North American 
energy sector. She began 
work June 15 at Vestas 
Americas’ headquarters in 
Portland, OR.

Over the past two years, Wyrsch served as president and 
CEO of Spectra Energy Transmission, a Houston-based nat-
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fourth consecutive year, with 2008 sales reaching $1.5 bil-
lion. “Nordex sees the U.S. as one of the biggest growth 
markets for wind energy in the world,” Sigrist says. “That’s 
why in addition to setting up operations in Chicago, we will 
also manufacture our turbines here.”

Plans to build a manufacturing plant in Jonesboro, AR 
were announced in October 2008. Nordex estimates invest-
ing $100 million in the factory, which should create more 
than 700 jobs in Jonesboro and 100 in Chicago by 2015. 
Construction is expected to begin this year and production 
planned for 2010. In Jonesboro, Nordex plans to manufac-
ture every component of its multi-megawatt turbines except 
the tower, hoping for annual assembly capacity of 750 mega-
watts. Nordex is also looking to build a home grown supply 
chain in the country.

“Establishing a firm operating and manufacturing pres-
ence will enable Nordex to keep better pace with strong 
demand in the U.S., which has outstripped our ability to 
import turbines manufactured abroad fast enough,” Sigrist 
says. “From Chicago, we will be in the capital of the wind 
industry, and from Jonesboro, we will be at a geographic 
center for product distribution.”

Vestas Americas 
APPOINTS PRESIDENT

Martha Wyrsch (courtesy 
Vestas Wind Systems).

Comprehensive Show Coverage 
Booth Listings and What’s New in  

Machine Tools, Processes and Technologies.

NEXT Gear Technology
September/October 2009

(courtesy of Hofler)
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contained in ASTM B328, according to W. Brian James from 
the Hoeganaes Corporation. 

The purpose of ASTM B962 is to provide the means, 
through use of Archimedes’ principle, to determine the 
volume in order to calculate the density of complex three-
dimensional shapes such as those formed and used in the 
powder metallurgy industry.  

The results of the tests covered in ASTM B963 will be 
used for powder metallurgy quality control or compliance 
purposes.  

Interested parties are invited to participate in the 
interlaboratory study that Subcommittee B09.04 is currently 
planning to determine the precision of the test methods. ASTM 
international standards can be purchased from customer 
service at (610)-832-9585 or by contacting service@astm.
org.  For more information, visit www.astm.org.
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The assets of Turbine Engine Service Group (TESG) of 
Stroud, OK, a subsidiary of Northstar Aerospace, Inc., was 
sold to Mint Turbines LLC. Gross proceeds of the deal were 
approximately $9.35 million, and the transaction included an 
estimated adjustment for working capital. Northstar intends 
to use net proceeds of the sale to reduce the Chicago-based 
company’s outstanding debt obligations, which includes 
fulfi lling a $7.5 million repayment due July 31.

 as part of Northstar’s larger strategy 
to concentrate its core business on manufacturing gears and 
transmissions for defense and commercial aerospace industry 
customers. Northstar’s main products include helicopter gears 
and transmissions, accessory gearbox assemblies, rotorcraft 
drive systems and other machined and fabricated parts.

Glenn Hess, president and CEO of Northstar Aerospace, 
commented in a press release. “While we will miss our 
relationship with TESG, this transaction allows Northstar to 
focus on our core business, improve our balance sheet and 
satisfy our bank commitments.”

Northstar 
SELLS SUBSIDIARY TO FOCUS 
ON GEAR PRODUCTION

ural gas infrastructure company, and was president and CEO 
of Duke Energy Gas Transmission.

“Martha’s commitment to safety, customer satisfaction 
and communication, combined with proven business results, 
makes her an ideal fit for our growing North American mar-
ket,” says Ditlev Engel, president and CEO of Vestas. “I 
know she will further enhance our vision of ‘wind, oil and 
gas’ in North America.”

M.M. Gears  Sold
Coimbatore, India-based LG Balakrishnan & Bros (LGB) 

has entered into an agreement to acquire 100 percent shares 
in M.M. Gears Pvt. Ltd., according to multiple sources in the 
Indian media. 

LGB manufactures automotive chains, sprockets, ten-
sioners and belts as well as blanking. The company had 
planned a strategy to enter the gear manufacturing industry, 
according to IndiaTimes, and M.M.’s 30,000-square-foot 
manufacturing facility is likely to aid this endeavor.

M.M. Gears is an ISO 9001:2000 certified company, 
established in 1995. The company produces gears, gear-
boxes, helical gearboxes, geared motors and non-standard 
gearboxes.

RP Machine Enterprises, Inc. has acquired the Statesville, 
NC division of Alpha/Sullivan Steel. The newly formed divi-
sion is called Alpha Machining and Grinding Inc., and it is 
managed by Hank Kohl.

The acquisition provides RP with grinding capabilities 
up to 144 inches and a magnetic division to offer magnetic 
lifting devices, fixturing, tables and chucks. Some of the new 
division’s products and services will be on display at RP 
Machine’s booth, B-401, at Gear Expo. 

Alpha Machining 
and Grinding Inc. 
Established

 N E W S                       
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HEAT TREATING

IMMEDIATE OPENING 
Quality Inspector – First Shift

TRUCK & AUTO PARTS INC.

Midwest Truck & Auto Parts, Inc., a leading distributor 
for the aftermarket of Truck and Auto parts located on 

the south side of Chicago. the south side of Chicago. 
Job Description:

The Quality Control Technician will perform 
visual and dimensional inspection. visual and dimensional inspection. 

Requirements:
• Must have gearing experience 
• Must have a minimum of 7 years of quality   
 control experience in a manufacturing environment.
• Must possess solid interpersonal and communication   
 skills.
• Familiarity with Microsoft Office package is a must.
• Organized and detail oriented. Must be flexible and able 
 to multitask.

Benefits:
We offer a competitive salary and comprehensive ben-
efits which include Medical, Dental, Vision, FSA, Life 

Insurance, 401K, and paid vacation/ sick/ personal days.

Contact: Javier Perez
jperez@midwesttruck.com 
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On the production floor at Knechtel, 
food scientists, chemists and engineers 
take part in Willy Wonka-like experi-
ments in search of the perfect piece of 
candy. Whether salty, sweet or some-
thing in between, the consulting firm 
has the daunting task of mixing and 
matching various flavors all in the name 
of great taste. It’s a tough job testing 
chocolate, peanut butter and marshmal-
low combinations, but somehow the 
Knechtel team seems to manage.

Since 1956, Knechtel, one of the 
largest and oldest confectionary consul-
tants in the world, has serviced major 
brands in the candy industry. The firm 
covers everything from creative devel-
opment, engineering and scale-up stud-
ies to assisting clients with pilot plant 
manufacturing. 

“Besides chocolate, gummy bears 
and chewing gum, the company has 
evolved into other markets like nutra-
ceuticals, snack foods, pet foods and 
pharmaceuticals,” says Bob Boutin, 
president at Knechtel. “Drugs don’t 
have to taste bad to be good for you 
anymore.”

The 27,000-square-foot laboratory 
and test kitchen in Skokie, Illinois fea-
tures cooking burners, extruders, rotary 
presses, revolving pans and chocolate 
kettles. 

And did we mention gears?
“Almost everything on the prem-

ises incorporates gears of some kind,” 

Candy Gears—Where Mesh Meets Marshmallow

Boutin says. “From an old wheat grind-
er to a forming extruder for granola bars 
and a caramel wrapping machine from 
the ’50s.”

Knechtel still utilizes drop frame 
rollers from the ’30s and ’40s for proof 
of concept equipment. Though the vol-
umes have changed, the methodology 
and principles of candy design have 
remained the same.  

“With all the transporting and trans-
ferring of materials that goes on in the 
candy industry gears are an intricate 
part of what we do day-to-day,” Boutin 
says.

When asked by a client to wrap 1.7 
million pieces for a clinical trial using 
an old-fashioned wrapping machine, 
Boutin says the gears were ground off 
the machine not once but twice before 
the project was completed.  “You some-
times come up with very viable meth-
ods to save your clients money and yet 
you destroy pieces of equipment along 
the way,” Boutin says. “Each project is 
about resolving issues and that includes 
engineering and manufacturing.”

Knechtel also has a chewing gum 
line that Boutin calls, “a gear driven 
nightmare.” 

“The bubblegum sausage goes 
through two sets of sizing rollers to cut 

and form it into pillow shapes,” Boutin 
says. “If you want to change the size and 
shape of the bubble gum, you have to 
change the gears each time.” 

While gears remain ever-present at 
Knechtel, Boutin says they aren’t as 
prevalent in the industry as they once 
were. 

“We’ve got some direct drives and 
hydraulic drives on some of our equip-
ment, and we’re always looking at dif-
ferent methods to get the most out of our 
machines.” 

For projects that require high viscos-
ity, strong power and torque, however, 
Boutin says the best method is still the 
gear drive. 

“For every gear that might be lost 
to other methods, you’ll find plenty 
of products that will need gears in the 
future.”

Although Knechtel isn’t permitted 
to share trade secrets or recipes, Boutin 
can’t walk down a snack aisle at the 
supermarket without smiling at all the 
products his company has helped to 
create.

“I have thousands of children [prod-
ucts] on the market that nobody knows 
we worked on. It’s an exciting and chal-
lenging job, but satisfying to see these 
projects come to fruition.”

And maybe eat a couple along the 
way.  

For more information on Knechtel, 
visit www.knechtel.com.
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CUSTOM 
BEVEL GEAR MANUFACTURING

Per Your Specifications and/or Sample
Providing Inverse Engineering to Make a Clone of Your SampleProviding Inverse Engineering to Make a Clone of Your SampleProviding 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  In-House Steel Material  In-House Steel Material WarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouseWarehouse

· 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

Celebrating 35 YearsCelebrating 35 Years
Family owned and operated 1974-2009

mailto:inquiry@brgear.com
http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.brgear.com
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