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THE NEW 245TWG HIGH SPEED THREADED WHEEL GRINDER...
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automation
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Finish fast...finish first. Call us or
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technology, combining new HSS
or carbide materials with advanced
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metallurgical lab, grinding wheel
re-plating, and GCT EXPRESS
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Then contact:

■ On-site contract services,
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high-performance heat treat,
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1351 Windsor Road
Loves Park, IL 61111 USA
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Phone: 815-877-8900
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E-Mail: gctc@gleason.com
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slash Shaper Cutter Leadtimes to shortest in industry!

Delivery for Shaper Cutters — 2 weeks
* 4forWeek
PDQ Shaper Cutters (now no limit on sizes)

* 5 Week Delivery for Hobs, 3 weeks for PDQ Hobs!
For details: Call 815-877-8900 or visit www.gleason.com

See us at IMTS ‘04— Booth #6902

KAPP
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The best is now available.
KAPP CBN wheels make any machine
more efficient, more productive, more profitable.
2870 Wilderness Place
Boulder, Colorado 80301
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No matter how you need your gears machined,

LIEBHERR HAS A WAY!

Liebherr Gear Technology Co.
1465 Woodland Drive
Saline, MI 48176-1259
734.429.7225
Fax 734.429.2294
info@lgt.liebherr.com

As the pioneer of high-speed dry gear
machining, Liebherr is leading the way
in gear cutting, offering machines with
gear drives or direct drives in modular
platforms from 80 mm to 4500 mm
diameters.
Hobbing. Productivity: fast cycle times
over the full spectrum of external gears.
Shaping. Flexibility: CNC guide for
internal and external spur or helical
gears.
Grinding. Precision: generating or
profile grinding, with dressable or CBN
tools in one machine.

The Gearing Partnership of
Liebherr, Klingelnberg and Oerlikon

Liebherr gear machines are renowned
for quality, productivity, reliability, maintainability and low life-cycle cost.

Gear Hobbing • Shaping • Grinding • Measuring

haanxi Qinchuan Machinery Development Co. Ltd.
(formerly Qinchuan Machine Tool Works) is one of the key
enterprises in the machinery industry of China. It was established in 1965. We are the only ones in China to manufacture precision gear grinding machines. We can produce seven series of gear
grinders, more than 30 models. Our precision grinding has reached
the advanced international level.

industry, to make our company into a research and development base for
manufacturing precision machine tools and plastics machinery, to create
eight industrial groups featuring precision machine tools, plastics and
food packaging machinery, automobile parts, gear transmissions, electronic information, environmental protection and material, and modern
agriculture facilities. Our goals also are to become a world-class manufacturing center, the technology research center for the Pacific Ocean
area and the running and management center at home.

We can manufacture other machines. They include machinery for
plastic products, machining centers, cylindrical grinders, and tool &
die grinders.
Our main products enjoy 80% market share in China. They have
been exported to more than 20 countries, such as the United States,
Japan, South Korea, Germany and others.
Our company has the “three precision advantages”: precision
machining, precision assembling and precision measurement. Our
machines produce professional-quality metal boxes, shaft sleeves and
gears, and 40 percent of our machines are CNC. Our company is at
the leading edge in the Chinese machine tool industry.
The company is certified in the ISO 9001 quality system.
In this new century, our goals are to create an enterprise that is
internationally competitive and is friendly to the manufacturing

Gear Grinder Series
Machining Center Series
Plastics Machinery Series
Cylindrical Grinder Series
Tool & Die Grinder Series
Machinery Parts
Water Saving Irrigation Products
Instrument Series
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Reflections

Celebrating

Years

When a man looks into a mirror, the image reflects who he is today. But it also
reveals who he used to be. Although appearances change, many of the underlying characteristics remain the same. The same is true with Gear Technology, as we celebrate our
20th anniversary and reflect on who we are. The ideas we started with—our focus on
quality, our dedication to helping our readers be better at their craft, our commitment to
being the gear industry’s information source—are still clear in the reflection. But at the
same time, many of those characteristics have grown and matured.
In my first editorial back in 1984, I made several promises to our readers. First and
foremost, Gear Technology would be a technical resource for the gear manufacturing
industry. It would include technical papers and articles from around the world. These
would show how to solve specific problems, explain complicated technologies and
describe cutting-edge techniques. Gear Technology was intended to serve as a center
of information concerning research, ideas, experiments and processes in gear manufacturing and to serve as a conduit for productivity-enhancing technology
between suppliers and users. We aimed to provide the very highest quality product, using the highest quality paper, printing and content, and to establish the most
accurate mailing list of gear industry professionals throughout the world. All of that
is still in the reflection.
But over the years, much has changed as well. For example, our original mission
of being the industry’s information source expanded dramatically with the rise of the
Internet. In 1996, we launched The Gear Industry Home Page™, which today
receives 30,000 visitors a month. In 1997, we launched powertransmission.com™,
which today receives 40,000 visitors a month. Both of these websites are important
information sources for the gear industry. In 2003, we launched E-GT, the electronic
version of Gear Technology. Now with more than 3,500 subscribers in more than 60
countries, E-GT has expanded our reach even farther around the world.
Our commitment to quality has also matured. In 1996, we became the only publication serving the gear industry with a mailing list audited by an outside source.
When advertisers see the logo of BPA International, our independent circulation
auditor, they know that we have gone through a lot of extra steps and expense to
qualify our mailing list. Those extra steps help ensure that we mail the magazine to
people in the gear industry and—most importantly—that the recipients want to
receive it. Our qualified subscribers have all requested the magazine, most of them
within the past year.
Over the years, we’ve also added technical editors and instituted a formal review
process for articles that appear in our pages. Much of what you read here is reviewed
and approved by several sets of expert eyes before you see it. For each issue, we rely
www.powertransmission.com • www.geartechnology.com • GEAR TECHNOLOGY • MAY/JUNE 2004 7
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on the expert advice and experience of Bob Errichello, Don McVittie,
Bob Smith and Dan Thurman—four of the most knowledgeable people in the gear industry. We do everything possible to ensure that what
you read is technically sound, balanced and applicable to your jobs as
designers, manufacturers, engineers, testers and buyers of gears and
geared products.

Over the last 20 years, we’ve seen tremendous change in those jobs. Since 1984, virtually every aspect of gear manufacturing has changed, with much of that change coming

When a man looks

through the incorporation of computer technology.
Twenty years ago, most gear manufacturers were still using manual machines. Even

into a mirror, the

the early versions of CNC gear machines only incorporated one, two or three axes of control. Now 6- and 7-axis machines are standard. Today, software runs everything, from our

image reflects
who he is today.
But it also reflects

engineering and production to our accounting and sales.
But there have been plenty of changes in the physical aspects of gear manufacturing as
well. I’m talking about processes like dry cutting, hard honing, hard cutting, electronically-controlled guideless shapers and other things made possible by advances in tool coatings, carbide materials, rigid machine tools, faster spindles, more powerful controls and
the like. Machine tools and cutting tools have changed to allow greater and greater productivity.

who he used to be.

For example, I recently read in the annual report of American Axle & Manufacturing
Inc. that its Detroit facility used to employ 300 wet-cut manual gear cutting machines for

Although appearances

manufacturing ring gears and pinions. Those machines have been replaced by just 50 drycutting CNC machines, freeing up 30,000 square feet of factory floor space and reducing

change, many of
the underlying characteristics remain the

the distance each gear travels in the plant by 1,700 feet.
Also, many of the gears that were cut in 1984 are now manufactured using other materials and methods, including plastic injection molding and powdered metal manufacturing.
Aside from those changes, the landscape of our industry has changed dramatically,
mostly through increased globalization. Many companies have focused on their core competencies and are competing in more narrow niches. Others have used globalization as an

same. The same is true

opportunity to adapt and change, forming partnerships and establishing locations around
the world to expand product offerings and increase their geographical coverage.

with Gear Technology.

Indeed, much has changed in the gear industry, and it will continue to do so. And so
will Gear Technology. Our mission of being the gear industry’s information source
remains the same, but we’re not done evolving yet. You’re going to see some exciting
changes in our magazine in the near future.
I am both happy and proud that we have kept our focus as the gear industry’s information source and have to thank a dedicated staff, more than 12,000 appreciative readers—many of whom have read and saved every issue—and our extremely supportive
advertisers. I look forward to spending the next 20 years with you to see what changes the
coming years will bring.

Michael Goldstein, Publisher & Editor-in-Chief
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REVOLUTIONS

Frenco—Inspecting All
Flanks in Minutes
GIVE US TWO MINUTES,
AND WE’LL GIVE YOU 370 CONTACT POINTS PER FLANK.
The above sentence might be the best
way for Frenco GmbH to describe what its
RollScan gear inspection machine can do.
In less than two minutes, the
RollScan machine can inspect all of a
helical gear’s flanks and provide complete topographical information on them.
It can inspect a small helical gear in
about one minute.
Rapid is the reason for the RollScan’s
invention.
“Rapid by the measuring time,”
Andreas Pommer says. “Rapid by its
availability because it’s designed to be
used directly on the shop floor.”

A senior design engineer with Frenco,
Pommer oversees research and development of the machine.
The RollScan, though, is best suited
for inspecting large numbers of identical
helical gears, like automotive gears.
That’s not surprising given its corporate inventors: Ford AG and Ford Global
Technologies. Although patented by
them, the machine has been licensed
since ’01 to Frenco, which is responsible
for developing, designing and producing
the machine.
The RollScan can inspect helix/lead,
profile, runout and pitch deviations. It

Welcome to Revolutions, the
column that brings you the latest, most up-to-date and easyto-read information about the
people and technology of the
gear industry. Revolutions welcomes your submissions. Please
send them to Gear Technology,
P.O. Box 1426, Elk Grove Village,
IL 60009, fax (847) 437-6618 or
send an e-mail message to
hazelton@geartechnology.com.
can provide theoretical calculations for
several types of composite deviations,
such as total single-flank, tooth-to-tooth
tangential and total tangential, including the short-period and long-period
components of total tangential. It can
calculate theoretical double-flank contact results, too.
The RollScan also can measure tooth
thickness and, based on the thickness, can
calculate span size and size over balls.
The machine takes these measurements using a method like single-flank
gear rolling inspection.
A gear to be inspected is clamped on
the RollScan’s arbor, between the
machine’s two master gears.
Each master gear has measuring
tracks placed on certain flanks. Each
measuring flank has either a lead track or
a profile track. Each master gear can
have up to eight lead tracks, covering
major diameter to form diameter, and
typically can have up to three profile
tracks to check involute profile.
The result: a grid of about 370 points
for each measuring flank.
For inspection, the gear rolls simultaneously with the master gears, one master gear inspecting all the gear’s left
flanks, the other all the right flanks. The

A helical gear is ready to have its involute profiles inspected by two “hedgehog master gears” on a
RollScan machine. Licensed to Frenco GmbH, the RollScan can also use conventional master gears with
whole teeth. The RollScan can inspect all of a helical gear’s flanks and provide complete topographical
information on them in less than two minutes.
www.powertransmission.com • www.geartechnology.com • GEAR TECHNOLOGY • MAY/JUNE 2004
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three gears are kept in direct contact at
all times by brakes.
To inspect all of a gear’s flanks, the
RollScan operator figures the number of
rotations needed for the tracks to mesh
with all the gear’s flanks.
RollScan’s method, though, was created to check deviations that couldn’t be
checked with normal single-flank roll
testing. Such testing measures devia-

tions as angular errors between the axes
of the driving and driven gears. Also, in
such testing, helical gears can have contact ratios of up to three.
As Pommer explains, such contact
ratios prevent precise locating of detected deviations.
RollScan avoids this ratio problem
with its lead and profile tracks, which
reduce the contact ratio. It also avoids

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

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.

PRESRITE NEAR-NET GEARS GIVE YOU THE

STRENGTH OF A FORGING WITH

LITTLE OR NO MACHINING.

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.
Q S - 9 0 0 0

a n d

I S O

9 0 0 2

Presrite Corporation

3665 E. 78th St. • Cleveland, OH 44105
Phone: (216) 441-5990
Fax: (216) 441-2644
© 2004, Presrite Corporation

10

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

the interference problem because the
tracks are separated by a number of
intervening teeth.
The separation reduces each tooth’s
contact line to more of a contact point.
But the point’s exact position can be calculated because its track location is
known. Consequently, all detected deviations can be located, so a scan of the
gear flank can be obtained.
The machine’s basic model costs
€120,000, about $144,000. The cost
includes two master gears for inspecting
a gear with specific measurements and
one clamping tool.
Pommer, though, recommends a possible customer first rent a model and buy
two master gears to test the system. Also,
the customer can have Frenco position
the tracks to collect more or less data
depending on which tooth aspects the
customer most wants to know about.
The customer can then use the system
in his factory to gain practical experience
collecting data, choosing which inspection reports he wants, deciding if he’s
satisfied with the gear aspects being
inspected.
“It helps that the customer has more
practical experience,” Pommer says.
After testing, the customer can have
Frenco redesign the master gears, moving their tracks again.
A pair of master gears has an estimated lifetime of 200,000 measurements.
Due to wear, the pair will need regrinding after that many measurements. The
pair can be reground twice.
Frenco also has a second type of master gear in the final stages of development. This second type was designed to
have two advantages over the first: 1.) be
less expensive to produce and 2.) have a
longer life.
Frenco expects this new type of master gear to be fully ready and available
for commercial purchase in the second
half of ’04.
This new type is called a “hedgehog
master gear.” Instead of whole teeth, a
hedgehog master gear consists of tooth
segments.
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These segments reminded Frenco
employees of a hedgehog. A European
animal, the hedgehog has pointed spines
on its back. The resemblance between
segments and spines was sufficient; the
new type of master gear had its name.
Each segment is a profile track, so it
scans a part of every tooth on a gear
being inspected. The partial scans of each
tooth are then combined to create a full
scan. A hedgehog can have many profile
tracks, depending on its size. Pommer
estimates that a realistic limit on the
number of tracks would be 15.
Frenco added a ceramic coating on
the hedgehog to extend its lifetime.
Frenco, though, is still testing the
hedgehog to determine its lifetime. The
company is also field testing two pairs of
hedgehogs with two potential customers.
The RollScan offers several report
options. An operator can see all profile
graphs or all lead graphs, so he can find
the most important flanks as fast as possible. He can also see lead and involute
graphs. Moreover, these reports are in
the format of normal CMM inspection
reports.
He can see single-flank test results,
too. The RollScan can perform singleflank inspection if the operator reverses
the machine’s spindle rotation.
To manage all this data, the operator
can use statistical methods to obtain distributions, so he can concentrate on mean
and maximum values.
He can also see theoretical doubleflank contact results, calculated by
RollScan, and see graphs of them.
Then there’s the topography report,
which shows all inspection data. On a
computer screen, this report appears as a
3-D grid of the flank. Topographical
measurement of all teeth requires use of
statistical methods for evaluating deviations.
“The main objective was to bring
more information to the user,” Pommer
says. r

Outside North America, for more information, contact:
Frenco GmbH
Jakob-Baier-Straße 3
D-90518 Altdorf, Germany
Phone: (49) 9187-9522-0
Fax: (49) 9187-9522-40
Web: www.frenco.de
E-mail: frenco@frenco.de

In North America,
for more information, contact:
Euro-Tech Corp.
W 14170 Hampton Ave.
Menomonee Falls, Wisconsin 53051
Phone: (262) 781-6777
Fax: (262) 781-2822
Web: www.eurotechcorp.com
E-mail: jerry@eurotechcorp.com

Engineered Plastic
Gears made of

Calaumid

Timco’s Calaumid Gears offer the best properties of
both steel & plastics. The alloy core allows you to run a
nylon gear on the same size shaft as a steel gear, without the need for an enlarged keyway. Calaumid gears
are corrosion resistant, reduce noise, provide shock
absorption and eliminate lubrication requirements.

1-800-792-0030
TIMCO INC., P.O.Box 2059, Peekskill NY 10566
Tel: 914-736-0206 • Fax: 914-736-0395
Email: sales@timco-eng.com • www.timco-eng.com

www.powertransmission.com • www.geartechnology.com • GEAR TECHNOLOGY • MAY/JUNE 2004 11

20 Annn

4/22/04

2:56 PM

Page 12

Celebrating

Years

20 Annn

4/22/04

2:51 PM

Page 13

Some Things Change,
Some Things . . .
“We will be an ongoing gear clinic, ranging from the
basics to the lead-edge of technology.”
Publisher Michael Goldstein made that promise in Gear Technology’s first issue: May/June 1984.
Twenty years later, we continue to keep our word by publishing top-notch technical articles, as well as
our industry’s latest news. Every issue, we present the best of what’s available from the industry’s leading authorities to help you be more productive, be more efficient and better understand the technology used to manufacture gears and gear drives.
Randall Publishing’s purpose has stayed the same, even as we expanded the ways we achieve that
purpose.
In 1984, we launched Gear Technology to educate the gear manufacturing industry. The magazine’s
pages featured articles, news and advertisements. All the parts educated; they told readers about new
and established processes and technologies for manufacturing gears, about people and events in the
industry and about the many types of gears available from gear manufacturers.
By the mid-’90s, Randall Publishing had a new means for serving the
industry as its ongoing gear clinic. That means was the Internet.
In 1996, we launched a website, The Gear Industry Home Page, at
www.geartechnology.com to serve two groups among our readers:
those who provided the machines, tools and other equipment and services for manufacturing gears and those who needed them.
In 1997, we launched The Power Transmission Home Page at
www.powertransmission.com to serve Gear Technology readers who
buy, sell and use gears, bearings, motors and other power transmission products and services.
Six years later, information technology allowed us to offer an online
version, an exact duplicate of the entire magazine: departments, features, ads—everything.
In 2003, E-GT became available for free anywhere in the world, making it easier for Gear Technology to reach all the people in our increasingly global industry.
The next 20 years could bring even more startling transformations.
But, while some things change, some things stay the same. And a
promise made 20 years ago is worth repeating today: “We will be an
ongoing gear clinic, ranging from the basics to the lead-edge of tech-

The cover of Gear Technology’s first issue, the May/June 1984 issue.

nology.”
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Some things change, some things stay the same.
For Gear Technology’s 20th anniversary issue, we asked
people and organizations involved in our first issue
about how things have changed.

Some Things Change, B
1. How has gear technology changed since mid-’84?

James S. Gleason, chairman, Gleason Corp.
“Productivity increases brought about by the huge
increase in the application (almost universal) and sophistication (six axes of essentially simultaneous control) of
numerical control technology.”
“New tooling, carbide and coatings, coupled with higher
cutting speeds result in huge gains in productivity.”

Robert E. Smith, gear consultant, R.E. Smith
& Co.
“The development of CNC-type gear manufacturing machines and inspection instruments. The CNC gear manufacturing
machines have used several improved technologies to increase production rates and
product accuracy.”
“Today’s CNC gear inspection instruments
are user-friendly, fast, very accurate, and
can do a more thorough computer-aided
analysis of data.”

May/June 1984
First Issue of
Gear Technology

14

Peter Kozma, president, Liebherr Gear Technology Co.
“The emergence of dry hobbing machines, made possible by the
development of PM-HSS. Dry hobbing has positive environmental impacts and provides a
cleaner work area. Manufacturers using dry
hobbing technology know that it also has significant financial benefits. Obviously, it eliminated
the cost of the oil. In addition, by avoiding the
need to clean each part before the next step in
production or quality measurement, dry hobbing
further reduces production cost.”

1986
Nintendo video
games are
introduced in the
United States.

1985
“Dynasty,” starring John
Forsythe and Linda
Evans, finishes as the
most popular show of
the ’84–’85 TV season.

Anthony M. Spinks, vice president,
Parker Industries Inc.
“Improved steels have led to higher
gear cutting speeds and reduced
cost per unit. The same is true of
coatings, which have seen greatly
extended use along with new coatings offering ever-improving performance and more specific applications.”

u
1987
Fox Broadcasting Co.
airs the first episode
of the TV show
“Married With
Children.”
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Compact
discs, CDs,
outsell vinyl
records for
the first time.
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But How?
2. How else has the gear industry changed since mid-’84?
Anthony M. Spinks, vice president, Parker Industries Inc.
“The closing down of some gear
plants, the migration of some
operations from northern to
southern U.S. states, and the
outsourcing of gear production
to other countries.”

Robert E. Smith, gear consultant, R.E. Smith & Co.
“Downsizing. Many users of gearing have typically eliminated
positions of gear engineering and expertise and have relied on
outsourcing. This has caused a host of problems. Many times,
their specifications are not up to date, correct or complete.
They rely upon the company they contract with to provide good
product. This company may then pass the job along to other
suppliers. When product finally comes back, they don’t have a
clue as to the incoming quality. Then product problems result.”

“A change in distribution channels with the development of
integrated suppliers and their
operations inside customer
plants.”

Peter Kozma, president, Liebherr Gear Technology Co.
“The gear industry’s market has certainly expanded
over the past twenty years. The main contributors to
this expansion were changes in the automotive
industry, such as the growing variation of models and
an increased number of transmission speeds.
Additionally, gears began to be used for new automotive applications such as timing gears, balance gears,
camshaft adjustment gears, and for power-steering.”

Diether Klingelnberg, recently retired
chairman, Klingelnberg Group*
“The gear industry experienced a consolidation. Companies who were not ready to
invest in the latest technology disappeared. Also the number of equipment and
material suppliers was reduced. The companies with good management and financial strength have a bright future.”
*Diether Klingelnberg retired March 24 as chairman of Klingelnberg Group.

1990
Musical duo Milli Vanilli, winner of the
1989 Grammy award for best new
artist, is stripped of its Grammy after
the public learns the men were lip-syncing to other people’s singing.

1989
“Batman,” starring
Michael Keaton, is
the year’s top
grossing film.

x

1991
Nolan Ryan, 44,
pitched his record
7th no-hitter,
striking out 16
Blue Jays batters.

1992
Andy Van Slyke, a
Pittsburgh Pirate, became
the first outfielder in
almost 18 years to record
an unassisted double play.

W

1993
Body piercing became more
popular after actress Alicia
Silverstone appeared in 1993
music video with a navel ring
and tattoo.
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Celebrating

Years

3. How will gear technology change in
the next 20 years?
Diether Klingelnberg, recently retired chairman,
Klingelnberg Group
“The tendency in technology is going to continue: more
accuracy, more efficiency, more software driven, better
process control, better tooling, in-line checking.”
“Business will remain in the highly industrialized areas
as long as the companies are ready to invest heavily in
new methods and equipment.”

Peter Kozma, president,
Liebherr Gear Technology Co.
“We are expecting further advances in cutting tool
lifetimes and increased operating speeds. This will
be accomplished by improvements in the cutter’s
substrate and coatings. Cutting tool coatings will
likely change from titanium to more advanced varieties such zircon or gallium.”

Anthony M. Spinks, vice president,
Parker Industries Inc.
“There will be a move towards
combining more operations, including hobbing or shaping, on one
piece of equipment.”

4. What else will change in the next 20
years?
Peter Kozma, president, Liebherr Gear Technology Co.
“There is also a recent technological movement towards
eliminating gears in many products . . . The auto industry
predicts passenger cars will be without gears within the
next 10–15 years. This, however, is not to say that the gear
industry is in for an eventual demise, since future technologies will certainly also create new markets for our
industry. One example of this is the developing demand
for transmissions in wind turbines.”
“Globalization not only creates challenges for our industry but also creates new
opportunities. Foreign developing economies will surely also increase the demand for
gears.”
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“Information technology is a huge
enabler for this trend. People in really
diverse geographic regions can now
access information in real time, and
then interface with each other in an
almost virtual mode. All of that means
that the companies that can quickly
leverage their strategic advantages
(price, quality, throughput) will gain
increasing global market share.”

1998
Led by Michael Jordan
and Scottie Pippen,
the Chicago Bulls win
their sixth NBA championship in eight years.

1996
Launch of
The Gear Industry
Home Page

1994
Lion King animals and
Power Rangers were
the most popular
Christmas toys.

y

David J. Burns, CEO, Gleason Corp.
“Globalization. On the equipment supply side, that globalization is well
underway. It is also clear, from our
perspective, that the notion of globalization is coming to the gear-manufacturing arena at an astounding
rate.”

1995
“Braveheart,” produced,
directed and starring
Mel Gibson, won the
Oscar for best picture.

1997
Launch of
The Power
Transmission
Home Page
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5. What effects has Gear Technology had
in the gear industry during its 20 years?
Marty Woodhouse, vice president–sales, Star Cutter Co.
“Gear Technology has brought to the industry a tool for
education.”
David J. Burns, CEO, Gleason Corp.
“There had been no worldwide voice for technological
exchange within the gear industry. Gear Technology provided
the first real periodical forum that gathered input from all over
the world and made it readily available to anyone, anywhere.
This was done in an impartial way, relative to region or company affiliation.”

Joe T. Franklin Jr., president,
AGMA
“The single most valuable service
Gear Technology has provided has
been in the area of dissemination
of technical knowledge. The technical papers and articles are
prized as guides to worldwide
technological advancements. By
opening the magazine to papers
from international conferences,
you have helped readers keep up
with information largely beyond
the reach of most.”

Peter Kozma, president, Liebherr Gear
Technology Co.
“By providing the industry a reliable source for
current information, Gear Technology has made
an invaluable contribution to all facets of our
industry.”

6. How has the Internet affected Gear Technology’s role as a
source of technical information, news and advertisements
Peter Kozma, president, Liebherr
about the gear industry?
Gear Technology Co.
Joe T. Franklin Jr., president, AGMA
“Gear Technology embraced it as a way to get information to
more readers and to cut the time—especially for the international readers—necessary for the delivery of the information.
The Internet is just another way to help the market function
efficiently and to disseminate the technical information that
has become a hallmark of Gear Technology.”
David J. Burns, CEO, Gleason Corp.
“Hopefully, the Internet and Gear Technology [will] work in
complementary ways to support the worldwide dissemination
of technological information of the gear industry.”

23

e

1999
Singer Ricky
Martin’s “Livin’ La
Vida Loca” finishes
as one of the year’s
most popular hits.

“Through the use of the Internet,
Gear Technology is able to reach a
global audience.”

Robert E. Smith, gear consultant.
R.E. Smith & Co.
“The magazine has been made
available electronically, which is
especially valuable to people in the
overseas gear industry.”

2002
Halle Berry and Denzel
Washington make movie
history as the first black
actors to win both leadrole Oscars.

2000
People celebrate the
year 2000, which is
widely viewed at the
start of the new
Millennium.

x

2001
The new
Millennium really
starts.

]

2004

2003
E-GT launched with
the January/February
issue
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Robert E. Smith

Management Summary
This article was originally published 20 years ago, in
Gear Technology’s first issue. It describes a method of
evaluating the smoothness, or lack of smoothness, of gear
motion. This lack of smoothness of motion, known as
“transmission error,” is responsible for excitation of gear
noise and problems of gear accuracy and sometimes has
a relationship to gear failure.
This method of evaluation was not in very common
usage 20 years ago and, unfortunately, even now is very
much underused.
The article is still timely today. This method has now
been included in some gear accuracy standards, such as
AGMA and ISO. Also, it is a technique that is used often by
the author in the solution of gear noise problems.

Double-flank gear testing

Measures variation in center distance

Figure 1—Composite gear testing.

Single-Flank
Testing of Gears

Single-flank gear testing

Measures rotational movements

Presumably, everyone who would be interested in this subject is already somewhat familiar with testing of gears by traditional means. Three types of gear inspection are in common use:
1.) measurement of gear elements and relationships, 2.) tooth
contact pattern checks and 3.) rolling composite checks. Singleflank testing falls into this last category, as does the more familiar double-flank test (see Fig. 1).
As an introduction to the basic understanding of the subject,
most of this article relates to the simple case of inspecting spur
gears. The interpretation of data, relative to helical gears, is a
little more complex, but the general principles apply.
With single-flank testing, mating gears roll together at their
proper center distance with backlash and with only one flank in
contact. Testing gears in this manner more closely simulates
operation of the gears in their application than any other means
of evaluation. Gears can be tested by pairs, or with master gears.
The single-flank test is run using optical encoders, which
measure rotational motion (angular displacement error).
Encoders may be attached to the input and output shafts of a
special machine for testing pairs of gears. The encoders may
also be used portably by attaching them directly to the input and
output shafts of an actual gear box so as to inspect the quality
of a complete train of gears.
Data from the encoders is processed in an instrument that
shows the accuracy or smoothness of rotational motion resulting from the meshing of the gears (transmission errors). This
data can be directly related to portions of involute or profile
errors, pitch variation, runout and accumulated pitch variation.
Probably the most important aspect of single-flank testing is
that it permits measurement of profile conjugacy, which is the
parameter that most closely relates to typical gear noise.
Single-flank testing is not a panacea. Lead or tooth alignment variation of spur and helical gears cannot be measured
directly by this method. Lead errors do, however, influence
motion transmission errors. These result from profile variations, due to the influence of overlap or increased contact
ratio. Likewise, in the case of bevel or hypoid gears, tooth
contact pattern checks are important to the development of
tooth shape to allow for deflection characteristics under load.
Lead or spiral is best measured by elemental checks or by
tooth contact pattern checks.
Figure 2 shows a typical single-flank measuring machine.
Figure 3 shows its principle of operation. The two motions
which are to be compared are monitored by circular optical
gratings. Each grating produces a train of pulses having a frequency which is a measure of the angular movement of each

Figure 2—Gleason Corp.’s 600HTT Turbo Tester® is an example
of a machine able to perform single-flank testing.
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corresponding shaft and hence of each gear mounted thereon.
Pulse frequencies from each grating are usually different
because the gear ratio is not normally 1:1. It is, therefore, necessary to modify the frequency from shaft Z1 based upon the
frequency from shaft Z2, which is hereby established as the reference frequency. The signal from shaft 2 has a frequency of f2,
which is equal to:

Z1

Z2
Optical gratings

Z1
f2 = f1 x –––––––
Z2
where:

Z1 = the number of teeth in the gear on shaft 1 and
Z2 = the number of teeth in the gear on shaft 2.

However, f2 has superimposed on it a frequency modulation
due to transmission errors of the gears under test. Therefore, the
pulse train coming from the grating on shaft 2 will have small
differences in phase from the pulse train for shaft 1. This phase
difference between the two represents the amount of error in the
gears being tested.
Phase differences of less than one arc-second can be detected.
This difference is recorded as an analog waveform and comes out
of the instrument on a strip chart, as shown in Figure 4.
Gears with perfect involute tooth forms will roll together
with uniform motion. When pitch errors or involute modifications (intentional or otherwise) exist in a gear, nonuniform
motion or transmission errors will result.
In some lightly loaded applications, perfect involutes are
desirable for noise control. However, profiles are often modified to obtain a compromise between load carrying capabilities
and smoothness of roll or transmitted motion. Such modifications produce predictable, intentional variations on graphic
analysis outputs. These variations must be acknowledged when
interpreting the graphs. Figure 5 shows three typical tooth shapes
and their resulting motion curves. Figure 5a is a perfect involute

Reading
heads
f1 pulses/sec

f2 pulses/sec

Multiplier Z1

Divider Z2

Phase comparator
Z1
–––––
(f1) = f2 pulses/sec
Z2

Figure 3—The principle of a single-flank measuring machine.

Burr
Adjacent pitch
error fp

Accumulated
Accumulated
pith error
p
pitch
error FFp

Tooth to Tooth
transmission
error fi

Effective
profile
error
ffEff

Total transmission
error Fi

Figure 4—Individual errors revealed by single-flank testing.

Tip
Master
Test
gear

Perfect or
conjugate
tooth
shape

Root

Angular displacement

FLASHBACK TO 1984
In 1984, the Macintosh computer was introduced during
Super Bowl XVIII. The movie “Amadeus” won the
Academy Award for best picture. The musical group Van
Halen was at the top of the music charts and this article
by Robert E. Smith first appeared in Gear Technology.

Z2 = Driven gear

Z1 = Driving gear

1 Pitch

1 Pitch

1 Pitch

+
0
–

Angular motion curve

Figure 5a—A perfect involute tooth showing zero angular displacement error.

Robert E. Smith
is president of R.E. Smith & Co. Inc., a
gear consultancy in Rochester, New York,
U.S.A. A mechanical engineer, he’s worked
extensively with single-flank testing
equipment and on gear noise evaluation
since the late 1950s. He’s also written several AGMA technical papers on transmission error and gear noise. Twenty years
ago, Smith was a technical author in Gear
Technology’s first issue. Since 1991, he’s
been one of our technical editors.
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Tip

Master

Modified
tooth shape

Angular displacement

Test
gear
Root

1 Pitch

1 Pitch

1 Pitch

+
0
–
Angular motion curve

Figure 5b—An involute tooth with tip and root relief that result
in parabola-like motion curves.

Master

Tip

Modified
tooth
shape

Test
gear

Angular displacement

Root
1 Pitch

1 Pitch

1 Pitch

+
0
–
Angular motion curve

Figure 5c—An involute tooth with pressure angle error that
results in saw tooth motion curves.

Profile error curve
of master gear

Root

Tip
Root

Tip

Profile error curve
of test gear
Chart paper movement

Pen
1

T

3

2

T

T

Figure 6—Direct relationship between an involute tooth and a
single-flank graph.

Double flank

Single flank

showing zero angular displacement error. Figure 5b shows gradual tip and root relief, typical of shaving operations, that result in
the parabola-like motion curve. Figure 5c shows a tooth with
pressure angle error and the resulting saw tooth motion curve.
Figure 6 is another way to show a direct relationship
between involute shape and a single-flank graph. Such curves
are graphic representations of some of the types of nonuniform
motion that gears are likely to transmit. It is this nonuniform
motion that creates the exciting force that will shake a structure
and cause noise.
There are other areas of gear quality that are important
besides profile conjugacy and noise. These become more apparent as the graph is run for at least one test gear revolution. All
tooth meshes will be added together to generate the results, as
shown in Figure 4. The graph in Figure 4 shows additional
information: adjacent pitch error, total accumulated pitch error
and total transmission error.
The ability to check accumulated pitch error is an important
attribute of single-flank testing. First of all, there is a difference
between “runout” and “accumulated pitch variation.” A gear
with runout has accumulated pitch variation. A gear with accumulated pitch variation does not necessarily have runout.
Runout occurs in a gear with a bore or locating surface that
is eccentric from the pitch circle of the teeth. Runout is shown
as a variation in depth of a ball type probe as it engages each
successive tooth slot. Or, it can be a large total composite error
if observed on a double-flank tester.
A gear can be produced, by various means, that will have no
runout, as described above, and will show little or no reading by
the ball check. It could, however, have large accumulative pitch
errors. This can happen when a gear is hobbed with runout and
then shaved or ground on a machine that does not have a rigid
drive coupling the tool to the workpiece.
When the gear is hobbed with an eccentric pitch circle, the
slots are at different radii and angular positions. When the gear
is shaved, it is run with a tool that maintains a constant, rigid
center distance, but is not connected to the workpiece by a drive
train. Therefore, all slots are now machined to the same radius,
from the center of rotation, and are displaced from true angular
position by varying small amounts. The resulting gear has very
small amounts of individual pitch errors, but has a large accumulated pitch error, which the single-flank tester responds to.
These accumulative pitch errors have all the undesirable
effects of a gear with traditional runout. It would check “good”
by either a ball check or a double-flank composite test.
Accumulative pitch errors can only be found or properly evaluated by a precision index/single probe spacing checker, or by a
single-flank composite test.
Figures 7 and 8 are intended to help illustrate the advantages
of single-flank vs. double-flank composite tests.
Figure 9 is an extreme example, whereby the wrong number
of teeth is cut in the part. Double-flank composite testing will
indicate that the part is acceptable, but single-flank testing will
reject it.

Figure 7—Typical recording of gear with runout.
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Double flank

Single flank

Figure 8—Typical recording of gear with accumulated pitch variation, as can be produced by abrasive hobbing or hobbing/shaving process.
1. Drawing called for 100 teeth
2. Cutting machine operator sets up index for 99 teeth
3. Inspector sets up index variation tester for 100 teeth

Fp =Accumulated
pitch variation
fp = Single
pitch variation

4. Inspector sets up single-flank tester for 100 teeth

5. Double-flank tester with master gear

Figure 9—An extreme example to show the advantages of singleflank vs. double-flank composite tests.

Conclusions
Single-flank testing can check all elements of gear quality,
except possibly lead/helix or spiral angle error, much faster and
more thoroughly than individual elemental tests or double-flank
composite tests. This method:
1. Explores, essentially, all areas of all teeth.
2. Finds all kinds of runout, including accumulated pitch variation (hidden runout).
3. Measures the combined profile errors on bevel gear teeth that
cannot be measured adequately by tooth contact patterns or by
elemental gear measurements. r
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GROUND GEARS – Ten or Ten Thousand
For small to medium quantities of spurs or helicals that have to
meet clost-tolerance AGMA or DIN specs, our Reishauer grinders
and M&M gear analysis systems are the perfect combination.
For Long runs, we offer the unique Liebherr CBN grinding
process with full SPC quality control and documentation.
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Maximize quality and minimize cost per part produced.
• Cut fine gears down to 254 DP with our Fine Pitch
Micro Hob. Features premium grade cutting materials.

• Our Expansion Chucks allow shank style tools to
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hammering effect.
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STANDARDS

Globalization Brings AGMA,
ISO Standards Closer
“The gear marketplace is a global marketplace.”
Bill Bradley says it easily, with no special emphasis. The vice president of
AGMA’s technical division sees the statement as an obvious fact.
And he’s acted on that idea, spending
more than 15 years helping AGMA develop ISO standards for the global marketplace.
Today, U.S. gear manufacturers sell
their gears to customers around the world,
sending the gears across borders and
oceans to customers in Brazil, Germany
and South Korea now much like they could
across state lines to customers in Michigan
and Ohio in past decades.
In those years, U.S. gear manufacturers
could expect customers in Michigan, Ohio
and other states to specify gears according
to AGMA standards.
Now, though, global customers may
specify gears using any of a number of
standards used around the world, including
AGMA, BSI, DIN, ISO, JIS.
“We will manufacture in the same way
for all standards and measure to what the
customer requires,” says Roger Bailey,
vice president of supply chain management
for Textron Fluid & Power Systems.
Located in Huddersfield, England,
U.K., this Textron Power Transmission
division uses AGMA, British and DIN
standards.
“We will continue to do what our customers want,” says John Windl, production
supervisor in the gear department of
Ontario Drive & Gear Ltd., located in New
Hamburg, Ontario, Canada. “We will still
study the other standards so we can change
as our customers’ demands change.”
Like those British and Canadian com-

AGMA and ISO
standards are
becoming more
and more alike,
but which is
changing more?

“It’s not a quick
and easy answer.”
—Bill Bradley,
Vice President of
Technical Division,
AGMA

panies, U.S. gear manufacturers have to be
familiar with as many widely-used standards as possible to have as many global
customers as possible.
But familiarity with three, four, five or
more sets of standards—that’s no small feat.
Making Standards More Alike?
Another approach, though, would have
those standards become more alike, making
it easier for gear manufacturers to move
from one set of standards to another, like
from AGMA to DIN.
This converging of standards would be
welcomed by Chuck Awot, engineering
supervisor for Andrews Products Inc. The
U.S. company, located in Mount Prospect,
Illinois, uses AGMA, DIN, ISO and JIS
standards in manufacturing gears.
“The more standardization that occurs,
the easier it is for us. Historically, AGMA,
DIN and ISO quality classifications could
not convert directly,” Awot says. “It created
a lot of additional work for us to clearly
define the requirements for our people on
the shop floor in order to conform to the
customer’s specifications. A single standard
would eliminate all of that work and confusion.”
AGMA can’t bring about the convergence of most widely-used standards,
though. Germany, Japan, the United
Kingdom and other countries will adopt
what standards they want.
AGMA can, though, make its standards
converge with ISO standards and has been
making them more alike for years.
“This trend would be convenient and
would bring the AGMA standards more in
line with the international ones,” says Tony
J. Bannan, engineering director for
Holroyd, located in Milnrow, England,
U.K.
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STANDARDS

AGMA INFLUENCE ON ISO STANDARDS,
VICE VERSA
AGMA and ISO standards are becoming more and more alike, but which is changing more?
“It’s not a quick and easy answer. The ISO standards are influencing the AGMA standards and vice
versa,” says Bill Bradley, vice president of AGMA’s technical division. “But to say which is changing
more is hard.”
Gear accuracy and calibration standards serve as an example of how AGMA and ISO influence
each other’s standards.
Bradley describes AGMA and ISO inspection standards as becoming “very close to each other.”
This increasing similarity is because AGMA is replacing its gear accuracy standard, 2000-A88, with a
new standard based largely on ISO 1328-1:1995.
Bradley says the new AGMA standard and the ISO standard approach similar topics in similar
ways, so they give similar results.
But, if the standards provide similar results, then their underlying calibration methods would have
to be similar.
“The methods are just about identical,” Bradley says.
The process that made them similar, though, was the reverse of the one for the accuracy standards.
In this case, AGMA offered its calibration methods to ISO. The association has had a calibration
standard for more than 10 years. ISO had no calibration standard—until December.
That month, ISO published its first standard for calibrating a gear measuring instrument for inspecting spur and helical gears.
According to Bradley, the standard includes most of the calibration methods from three AGMA
standards on spur and helical gears. The three standards cover calibrating and measuring 1.) involute
2.) pitch and runout, and 3.) lead/helix.
This type of situation has occurred previously because AGMA has more gear standards than ISO
and the association targets those topics it covers that ISO doesn’t.
According to Bradley, AGMA looks at topics covered in its standards but not in ISO standards, then
takes specific standards and suggests ISO consider them while developing its standards on those topics.
Bradley cites the ISO temper etch inspection standard as an example.
In the early 1990s, ISO had no standard for inspecting gear teeth for grinding temper. AGMA offered
its 2007-B92 standard as an ISO standard. The resulting ISO standard, 14104:1995, was based on the
AGMA standard. Bradley says that the two standards were nearly identical.
Five years later, AGMA adopted the ISO standard.
The process hasn’t been so neat and clean with the two organizations’ gear rating standards.
AGMA has adopted some ISO rating principles for spur and helical gears, but the actual rating methods are still different. So AGMA and ISO ratings can be compared, but not directly (see the article in this issue on pages 56–63).
“The differences aren’t consistent,” Bradley says.
In one case, a gear may receive a higher load carrying capacity using the AGMA system than it does using the ISO system. In
another case, a second gear may receive a higher capacity
using the ISO system than it does using the AGMA system.
This inconsistency extends to gear drive sizes and calculated lifetimes.
So, for comparison, a person needs either a comprehensive knowledge of both rating systems or the right software.
In Bradley’s opinion, AGMA and ISO standards are probably changing at the same rate: “I wouldn’t say that either is making substantially more changes than the other.”
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“We would welcome this in our business,” Bannon says of the trend.
At this time, ISO standards don’t
appear to be as widely used as other standards, such as DIN. But, in time, they may
be.
“ISO standards are still gaining acceptance,” Bradley says.
And this acceptance is being noticed
by some gear manufacturing companies,
such as Holroyd. The U.K. company uses
AGMA, DIN and ISO standards. In his
work, Bannan says use of DIN and ISO are
increasing, while use of AGMA is decreasing.
Munish Nalwa is noticing greater ISO
acceptance at his company, Ingersoll-Rand
Wadco Tools, located in Sahibabad, India.
“We see a shift towards ISO because of
global sourcing,” says IRWT’s deputy
manager of engineering. “However, it will
take some time to reach a significant number of users.”
With ISO standards more widely accepted, U.S. gear manufacturers would more
and more need the ability to use ISO standards. Making achievement of this ability as
easy as possible is AGMA’s considerable
activity in developing ISO standards.
The association sees the increased similarity between AGMA and ISO standards as
an opportunity for U.S. gear manufacturers
to increase their number of potential global
customers.
Those manufacturers using the latest
AGMA standards would find them in
greater and greater accord with ISO
standards, making it easier to
engage in international commerce, says Edward Lawson,
chairman of the AGMA
Technical Division Executive Committee.
“Standardizing gear
measurements and controls will make the process
of moving from one [standard] to the other an easy
transition,” says Doug Webb, a
manufacturing/process engineer
for U.S.-based Honeywell International Inc. who works in Phoenix, Arizona.
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AGMA in ISO
The decision that AGMA should
become more active in ISO started with the
association’s executive members: the board
of directors and its executive committee. In
the 1980s, the members realized the gear
marketplace was becoming an international
marketplace. If ISO standards became
widely accepted, U.S. gear manufacturers
would have an easier time using them if
they were based on principles and procedures familiar to the manufacturers, like
those contained in the manufacturers’ own
national standards.
Before the executive members’ decision, AGMA participation in ISO amounted
to one observer, who attended meetings of
the ISO group responsible for gear rating
standards.
“There wasn’t any active participation,”
Bradley says.
Today, AGMA participation is considerable. The association has 10 committees
with ISO delegates. The 10 delegates represent U.S. positions to ISO Technical
Committee 60, which is responsible for
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STANDARDS

AGMA INFLUENCE ON ISO STANDARDS
“All AGMA standards committee work is expected to proceed with an objective of leading standards development in ISO working groups,” says Edward
Lawson, “as well as producing AGMA standards that are in harmony with ISO documents.”
Lawson is chairman of the AGMA Technical Division Executive Committee. TDEC sets policy for AGMA standards committees.
To achieve this objective, TDEC uses five guidelines for overseeing AGMA standards committees. Lawson explains these guidelines:
1.) Each AGMA standards committee is expected to develop the U.S. positions on its standards topic—for example, gear accuracy. The
committee’s positions are then presented by its ISO delegate to the ISO working group responsible for the same topic.
2.) When creating or revising an AGMA standard, each committee is expected to consider whether an existing ISO document would be
acceptable as the AGMA standard.
3.) If no ISO document exists, then the committee is encouraged to create or revise its AGMA standard with an eye to later presenting it
to the corresponding ISO working group to use as a starting point for creating the ISO standard.
4.) If an ISO document exists and would be acceptable with minor changes, then the committee is encouraged to use the document as its starting point. Even then, the committee is expected to develop its standard with an eye to later presenting it to the corresponding ISO working group
to consider as a possible update to the existing ISO document.
5.) Each AGMA committee is expected to develop standards that use the metric system, as ISO standards do. Each committee, however, is allowed to also
provide standards that use inches and feet.

Gear Tooth Grinding Wheels
Burka-Kosmos has been manufacturing grinding wheels
since 1890. They have specialized in grinding wheels for
gear grinding since 1980 and now over 95% of their
production is for gear grinding applications. They manufacture wheels for profile grinding, generative grinding
and thread grinding. They offer both aluminum oxide and
ceramic. JRM International, Inc. is the exclusive North
American partner of Burka-Kosmos. We stock wheels for
all applications in a variety of sizes. We are also available to assist you in optimizing your grinding process.

• Available unprofiled or pre-profiled
• Standard wheels in stock

5701 Industrial Avenue • Rockford, IL 61111
815-282-9330 • Fax: 815-282-9150
E-Mail: jrmsales@jrminternational.com
www.jrminternational.com
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STANDARDS
ISO gear-related standards. Each delegate
belongs to a TC 60 subcommittee, called a
working group. These groups cover acceptance testing, accuracy, bevel gears, cutting
tools, gear rating, high speed units, lubricant testing, metallurgy, nomenclature, and
worm gears. AGMA also has an 11th ISO
delegate, who presents U.S. positions to
TC 14, which covers couplings, keys,
shafts and splines.

AGMA participation also extends
beyond its committees’ work.
AGMA is the secretariat for TC 60,
meaning the association does the administrative work for all ISO gear-related standards. This secretariat consists of Bradley
and technical division manager Charles
Fischer.
Also, the association is in charge of two
TC 60 subcommittees, Working Groups 2

and 9. WG 2 develops ISO standards for
measuring gears, WG 9 for acceptance testing of gears, including sound and vibration
testing. WG 2 is led by Lawson, WG 9 by
Bradley.

“The ultimate goal
is to have ISO
standards that are
acceptable
in the U.S.”
—Bill Bradley,
AGMA
Given all this participation, it may not
surprise anyone that AGMA and ISO standards are becoming more alike. This
increased similarity will make it easier for
U.S. gear manufacturers to use both AGMA
and ISO standards in the global gear marketplace.
But AGMA is aiming for more than ease
of use for U.S. gear manufacturers. It’s aiming for acceptance from them.
“The ultimate goal,” Bradley says, “is to
have ISO standards that are acceptable in the
U.S.” r
To help develop AGMA and ISO standards, contact the American Gear
Manufacturers Association at:
AGMA
500 Montgomery Street Suite 350
Alexandria, Virginia 22314-1581
Attn: Bill Bradley
Phone: (703) 684-0211
Fax: (703) 684-0242
E-mail: tech@agma.org

Tell Us What You Think . . .
Send e-mail to wrs@geartechnology.com to
• Rate this article
• Make a suggestion
Or call (847) 437-6604 to talk to one of our editors!
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Evaluation of Bending Strength
of Carburized Gears
Tomoya Masuyama, Katsumi Inoue, Masashi Yamanaka, Kenichi Kitamura and Tomoyuki Saito

Management Summary
The aim of our research is to clearly show the influence of defects on the bending fatigue strength of gear
teeth. Carburized gears have many types of defects, such
as non-martensitic layers, inclusions, tool marks, etc. It is
well known that high strength gear teeth break from
defects in their materials, so it’s important to know which
defect limits the strength of a gear.
In this article, we propose a method of inferential identification of principal defects and an evaluation of strength
based on defect size. Furthermore, the results of this
research should show how to reduce the defects.

Table 1—Dimensions of test gears used for the derivation of a formula.
Code

C1

Module

C2

EP1

[mm]

EP2

5

Number of teeth

18

Face width

[mm]

8

Material

SCM415

Heat treatment

Carburized

Removal stock

0

0

10

20

Surface residual stress [MPa]

–230

–130

–160

–190

Fatigue strength

842

890

901

906

[µm]

[MPa]

1000

Stress level S MPa

Inoue

: not broken
by the life 3 106

Gears EP2
σu=906MPa
900

: broken
including the notch

800

: broken
not including the notch

Estimated strength by Eq.(2)

700

anth=6µm
600

0

20

40

Notch depth an µm

60

Figure 1—Strength of electropolished gear with a micronotch.
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Abstract
The high load capacity of carburized gears mainly originates
from the hardened layer and induced residual stress. On the
other hand, the decarburization at the surface, which causes a
nonmartensitic layer, and the inclusions such as oxides and segregation act as a latent defect, and the defect considerably
reduces the fatigue strength. In this connection, the authors
have proposed a formula of strength evaluation by separately
quantifying the influence of the defect. However, the principal
defect that limits the strength of gears that have several kinds of
defects remains unclarified. This paper presents a method of
inferential identification of the principal defect based on the test
results of carburized gears made of SCM420 clean steel, gears
with both an artificial notch and nonmartensitic layer at the
tooth fillet and so forth. It makes clear the practical use of the
presented method, and the strength of carburized gears can be
evaluated based on the principal defect size.
Introduction
The high load capacity of carburized gears mainly originates
from the hardened layer and induced residual stress. This is the
reason that carburization is frequently used as a normal heat
treatment for heavy duty gears. One of the authors has clarified
the effects of hardness and residual stress on the enhancement
of bending fatigue strength and proposed an experimental formula for the estimation of strength (Refs. 1 and 2). The formula was expressed as a function of hardness and residual stress.
The effectiveness of the formula has been verified by comparison with many fatigue test results (Ref. 3).
Contrary to the positive effect of carburization mentioned
above, the decarburized nonmartensitic layer appears at the
tooth surface through the treatment, and this decreases the
strength. The authors have observed many microcracks in the
nonmartensitic layer and presented a model of fatigue crack
propagation. Some cracks are combined when the tooth is
loaded and the most critical crack propagates into the deeper
region (Ref. 4). Therefore, the nonmartensitic layer should be
considered as a defect, which reduces the strength. Besides the
nonmartensitic layer, many inclusions such as oxide or sulphur,
exist in the hardened layer. Their influence has to be included
in the strength evaluation.
Murakami (Ref. 5) proposed a formula to estimate the
fatigue strength of a high-strength material from its hardness,
stress ratio and the projected area of a defect. It may be used for
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Figure 2—A model of crack initiation mechanism.

the investigation of why the empirical proportionality relationship between fatigue strength and hardness deviates from the
relationship in the region of higher hardness (Ref. 6). The formula is also useful for the strength evaluation of carburized
gears with latent defects. Quantification of the defects is the key
to the derivation of a formula for gears. Therefore, the authors
performed a fatigue test using gears with an artificial notch at
the fillet, which was processed by focused ion beam, to quantify the influence of the defect in the tooth by this equivalent
notch depth (Ref. 7). Another test was also performed to quantify the influence of a nonmartensitic layer, and a formula for
the strength of gears with or without nonmartensitic layers was
derived using these defect sizes (Ref. 8).
In this paper, the derivation of the formula is briefly
reviewed first, and the formula is applied to the fatigue test
result of carburized gears made of SCM420 clean steel to
demonstrate its wide application. Then, the principal defect,
which is substituted for the defect size in the formula to estimate the strength, is inferentially identified so as to evaluate the
strength of gears with several kinds of defects, such as inclusions, surface defect and a nonmartensitic layer. This enables
use of the formula in a practical gear design and enhancement
of the strength. Lastly, the validity of the formerly proposed
formula is examined in comparison with the estimation focusing on the defect size.
Derivation of a Formula for Bending Strength
Considering the Influence of Defect Size
In order to derive a formula for the evaluation of bending
strength of carburized gears, the test gears C1, C2, EP1 and
EP2, as shown in Table 1, are used. The material, module and
the number of teeth used in the study are low alloy steel
SCM415, 5 and 18, respectively. The chemical composition of
the alloy is standardized as shown in Table 2.
Carburized gears without nonmartensitic layer. A
micronotch is created at the fillet of EP2 gears using a focused
ion beam, and the fatigue test is carried out to experimentally
determine the threshold notch depth, which is the limit that
doesn’t reduce the strength of the carburized gear. The notch is
at the position where cracks are most frequently initiated in the
fatigue test (Ref. 9). The ion beam etching area is rectangular,
500 µm (along face width) x 10 µm, at the center of the face

Table 2—Standard of chemical compositions of material SCM415 (wt%).
C

Si

Mn

P

S

0.13–0.18

0.15–0.30

0.60–0.80

<0.03

<0.03

Cr

Mo

0.90–1.20 0.15–0.30

width. The desired notch depth is obtained by controlling the
time of ion beam irradiation. Figure 1 shows the result of the
fatigue test. In this figure, open circles indicate that the tooth is
not broken. The open triangle and the closed triangle indicate
tooth breaks with and without a notch in the fracture structure,
respectively. Teeth with notches of 6 µm or smaller break without the notch in the fracture surface while the teeth with the
larger notches break with the notches. Therefore, the threshold
notch depth anth is found to be 6 µm and this quantifies the
influence of the defect in the teeth.
The nonmartensitic layer is completely removed in the EP2type gears. So, the authors assume that the initiation and propagation of cracks of the gears are similar to those of ordinary
high strength materials, and fatigue strength can be evaluated
by the modification of the following experimental formula
(Ref. 5).
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Table 3—Chemical compositions of material SCM420 (wt%, O:ppm).
Material
Range (JIS G4105)

C

Si

Mn

P

S

Cr

Mo

O

0.17–0.23

0.15–0.25

0.55–0.90

<0.030

<0.030

0.85–1.25

0.15–0.35

–

Ordinary steel

0.22

0.31

0.84

0.019

0.013

1.21

0.15

8

Clean steel

0.21

0.25

0.85

0.012

0.003

1.18

0.15

5

(H + 120)
σw = β ––––––––––
(
A )1/6

α
(1 – R)
––––––––
2

[

]

(1)

α = 0.226 + H • 10–4

20

m

20

(a) Ordinary steel gear

m

(b) Clean steel gear

Figure 3—Microstructure of the ordinary steel and clean steel by optical
microscope.
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Here, σw, H and R are fatigue stress amplitude [MPa],
Vickers hardness [Hv] and stress ratio, respectively. A represents the projected area of a defect in the direction of the principal stress [µm2]. The coefficient β is given as β = 1.43 and
may be modified, since the experiment which was the basis of
the formula includes few specimens of hard material and few
tests subjected to the mean stress.
The formula is applied first to the experimental result of the
EP2-type gear. The value of A is assumed to be A = 10 anth
since the notch is wide enough to be two-dimensional (Ref. 5)
and the stress ratio R is defined assuming that the measured
residual stress at the surface, –190 MPa, acts as the mean stress.
The strength is estimated at 1,300 MPa and this value is approximately 1.4 times the experimental value of 926 MPa. The estimation error is considerably large, even though the above formula is expected to include approximately ±15% of error (Ref.
5). The coefficient β is therefore modified so that the estimated
value agrees well with the strength obtained by the experiment,
and the following formula
(H + 120)
σw = 0.98 ––––––––––
(
Ai )1/6

10 0

Frequency
Frequency

Inoue

is obtained. The dashed line in Figure 1 shows the strength calculated according to the formula.
It is used for the evaluation of the strength of carburized
gears without the nonmartensitic layer. In general, since the
threshold notch depth is unknown, we have to find the size of
inclusion Ai in the surface layer to substitute it for A in the formula.
For highly reliable design of safety, the worst condition of
defect in the gear tooth has to be estimated and substituted for
A. The extreme value analysis can be used to estimate the maximum inclusion size in the material (Ref. 5). The authors have
applied this analysis to the gear of clean steel and estimated the
inclusion size (Ref. 10). However, in this report, we discuss the
mean value of gear strength.
Therefore, since the mean size of the defect that determines
strength is specified, the average value of the maximum inclusion size contained in each microscope view was substituted
into the formula.
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Carburized gears with a nonmartensitic layer. The fatigueloaded C1-type gear is prepared until a crack is detected. The
gears were observed using a scanning electron microscope
(SEM) and an electron probe microanalyzer (EPMA) to clarify
the characteristics of the crack initiation mechanism in the nonmartensitic layer. The test tooth is cut at the center of the face to
the normal direction using a cutting wheel. After cutting, the
newly produced surface is polished with emery paper and then
buff-polished. The obtained surface is etched with 3% nitrate
ethanol, then observed by the SEM. In the deeper region, a needle-like martensitic structure is observed. However, at the surface area, there is a layer in which the martensitic structure is
not observed. Many microcracks are observed in the nonmartensitic layer, in addition to the cracks which penetrated
from the nonmartensitic layer into the deeper region.
The process of crack initiation in a carburized gear tooth
with a nonmartensitic layer is considered to be as follows, and
the schematic illustrations are shown in Figure 2. In the tooth’s
nonmartensitic layer before loading, there are Cr and Mn oxides
and grain boundaries where Si is segregated (Fig 2a). When
subjected to loading, the grain boundaries or oxides act as
stress-concentration areas and many microcracks are generated.
Some of them combine to form larger cracks (Fig. 2b). The
most critical crack is the one that penetrates into the deeper
regions while most of the cracks remain in the nonmartensitic
layer (Fig. 2c).
As mentioned above, a number of oxides and segregations
are distributed in the nonmartensitic layer, and they act as
microcracks. Therefore, the nonmartensitic layer should be considered as a defect, which reduces the strength. Here, we
assume the thickness of nonmartensitic layer δ is used as the
defect size by modifying  A =  10 δ and it is substituted for
 A in Equation 1. In the case of β = 1.17, the calculated
strengths agree with the experimental results of the three types
(C1, C2, EP1) of gears with nonmartensitic layers.
Consequently, the following formula is derived.
α
(1 – R)
(H + 120)
(3)
σw = 1.17 –––––––––– ––––––––
2
(10 δ )1/6

[

]

Strength evaluation formula represented by the integrated
form. As shown in the above section, we presented two fatigue
strength evaluation formulas, Equation 2 and 3, of which coefficients β differ depending on whether the nonmartensitic layer
exists or not. In this section, we propose the defect size parameter A', then modify the formula as Equation 4.
α
(1 – R)
(H + 120)
σw = –––––––––– ––––––––
(4)
2
(A' )1/6

[
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A'

Ai
= ––––––
0.986

(5)

= 1.13  Ai
When the formula is applied to gears with nonmartensitic layers

A'
5

5

(a) Ordinary steel gear

(b) Clean steel gear

Figure 6—Microstructure of the specimen observed by the SEM.

Figure 7—Pulsating fatigue test rig.
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Figure 8—S-N curves in 420O gears and 420C gears.
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Figure 9—Schematic illustration to infer the principal defect about a carburized gear tooth with an artificial notch.
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10 δ
= ––––––
1.176

(6)

= 1.23δ
Fatigue Test of Carburized Gears
With Defects of Different Sizes
In order to investigate the influence of defects, two types of
gears made of SCM420 ordinary steel and SCM420 clean steel
were prepared. They were labeled as 420O and 420C respectively. The chemical compositions of these steels are shown in
Table 3. The content of oxygen in the clean steel is as low as 5
ppm, and the sulphuric content is also reduced.
Figure 3 shows the optical micrographs at a cross section of
both types of gear teeth. Evidently, the clean steel has a few
smaller inclusions. It is clearly shown in Figure 4. Though
there is no difference in the distribution of inclusion size under
50 µm2, in the clean steel gears there are few inclusions greater
than 50 µm2. In particular, no inclusions greater than 200 µm2
were observed. The maximum inclusion size contained in each
microscope view was distributed as shown in Figure 5.
The effective case depths of 420O and 420C are 0.92 mm
and 0.82 mm, respectively. There was no distinct difference in
the hardness distribution. The residual stress σR at the root of a
tooth was measured by X-ray diffraction method. The residual
stress of the clean steel gears is approximately equal to the
stress of ordinary steel gears. They are also listed in Table 4.
Figure 6 shows SEM micrographs at the fillet of the clean steel
gear and the ordinary steel gear. Both of the gears have a similar nonmartensitic layer. In the strength evaluation described
later, 15 µm was substituted for thickness of the nonmartensitic
layer δ, although the boundary of the nonmartensitic layer is not
parallel to the tooth profile.
The fatigue test of the gear is performed using an electrohydraulic fatigue test rig, as shown in Figure 7. The pulsating
load is well controlled and the fluctuation of the peak load is
less than 2%. The load is applied at a position of 0.5 mm below
the tip with the speed of about 40 Hz. To avoid impact loading
to the tooth, the stress ratio is set to 0.01. The load is represented by the maximum stress applied at the fillet (Ref. 11).
The S-N curves of the 420O and 420C gears are shown in
Figure 8. The test was stopped at N = 3 x 106 in each gear and
the tooth which was not broken by this lifetime was considered a non-failure. The mean fatigue strengths are obtained as
685 MPa and 650 MPa, respectively, by a staircase method
(Ref. 12). The step of stress was 62 MPa.
Since the thickness of the nonmartensitic layer of the two
gears is almost identical and the fatigue strength is limited by
the nonmartensitic layer, the inclusions did not affect the fatigue
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Table 4—Dimensions of test gears.
Code

420O

Material

420O(EP)

420C

SCM420 (Ordinary)

Module

[mm]

420C(EP)

SCM420 (Clean)
5

Number of teeth

18

Face width

[mm]

8

Heat treatment

Carburized

Removal stock

[µm]

0

30–40

0

30-40

Hardness

[Hv]

628

700

605

702

Residual stress

[MPa]

–109

–284

–101

–283

Fatigue strength

[MPa]

685

837

650

1,070

20

10

0

0

10

20

Inclusion size

Ai µm

30

Figure 10—Comparison of the influence of the inclusion size and the
thickness of nonmartensitic layer.

Estimated strength

MPa

1200
420C(EP)
EP2
420O(EP)

1000

EP1

C1

800
C1 with
WEDM

420O
420C

C2

600
400

FCD950
FCD700

200
200

400

600

800

1000

Experimental strength

1200

MPa

0

0

Ai µm

Ai max µm

40

Inclusion size

5

10

15

20

25

30

35

40

Figure 11—Estimation of strength of gears based on the defect size.

0.2

strength. After the removal of the nonmartensitic layer, the
fatigue strength increases to 1,070 MPa for clean steel gears and
837 MPa for ordinary steel gears. The fatigue strength enhancement is about 22% and 65%, respectively.
Inferential Identification
of Principal Defect Limiting the Strength
From the viewpoint of defects, the carburized gears for practical use are damaged in the process of steel manufacturing,
hobbing and heat treatment. The damage consists of inclusions,
tool marks and nonmartensitic layers. In this section, supposing
the artificial notch approximates the tool mark, the influences of
these defects are discussed to inferentially identify the principal
defect which limits the strength.
The proposed formula is used in reverse to evaluate the
defect size from the given strength. The relationship among the
defects which causes the equal strength is shown in Figure 9,
where the top notch depth, inclusion size and nonmartensitic
layer thickness are taken as coordinates. Three defects at a point
on the line in the space give the equal bending strength. When
the hardness and residual stress are constant, A' is equal on the
equistrength line.
Inclusion size and thickness of nonmartensitic layers. In
the first place, the influences of the inclusion size and the thickness of the nonmartensitic layer are examined. They are illustrated in Figure 9. The line in the figure is the projection of the
equistrength line in Figure 10 to the plane of notch depth = 0.
Therefore, the nonmartensitic layer acts as the principal defect
in the region above the line. The defects of several test gears are
plotted in the figure. This shows how the nonmartensitic layer
evidently acts as the principal defect in the gears as carburized,
and the inclusion becomes tangible after complete removal of
nonmartensitic layer. In the case of test gear EP1 electropolished halfway, the remaining nonmartensitic layer seems to be
the principal defect, as shown in the figure.
The strengths are estimated based on the defect size mentioned above and compared with the experimental results in
Figure 11. The error is about 15% and the inferential identification of principal defect is approximately verified. The fatigue
test results of the gears made from spheroidal graphite cast iron
FCD700 and FCD950, of which hardness, residual stress and
graphite size are H = 330, 280, σR = –153 MPa, –92 MPa and Ai
= 41.6 µm, 42.2 µm are also shown in this figure. The graphite
is considered to be the principal defect in this case, though the
error of strength estimation is a bit large, namely 30%.
Figure 10 also suggests a way to enhance the strength. In the
case of 420O, for example, the strength increases as the nonmartensitic layer decreases until the thickness is about 4 µm on
the curve. The strength is expected to be 970 MPa. Since the
clean steel 420C has a small inclusion size, the strength after
removing the nonmartensitic layer is expected to be 1,070 MPa.
However, more of the nonmartensitic layer should be removed.
Principal defect of gears with an artificial notch on
nonmartensitic layer. In the second place, the influences of
the notch depth and the inclusion size on the strength of gears

Thickness of
nonmartensitic layer δ µm

1:51 PM

0.4

4/22/04

0.6

Inoue

20

0

0

10
anth=6µm

20

Notch depth an µm

Figure 12—Comparison of the influence of the notch depth and the inclusion size.
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without nonmartensitic layers are shown in Figure 12. The equistrength line in Figure 9 is projected on this plane, and the inclusion acts as the principal defect in the region above the line. The
test results of broken EP2 gears shown in Figure 1 are plotted in
the figure. As mentioned before, the closed triangle indicates
the notch was not included in the fractured surface. Therefore,
an inclusion would act as the principal defect and the plot
should be in the region above the equistrength line. Contrary to
expectation, there is a plot in the region below the line, and it
remains unsolved. As mentioned above, the value of the vertical axis in this evaluation is the average value of the maximum
inclusion size in each observed area. The size of inclusion

Stress level S MPa

1000

: not broken
by the life 3 106

Gears C2
σu=890MPa

900

: broken
including the notch
: broken
not including the notch

800

700

anth=22µm
600

0

20

40

60

Notch depth an µm

Thickness of
nonmartensitic layer δ µm

Figure 13—Strength of carburized gear with a micronotch.

(7)
σu = σuc + σusc + σuR
= f (Hc) + g(Hs – Hc) + h(σR)
= (257 + 1.17Hc) + 3.1 exp [0.0097(Hs – Hc)]
= –0.5σR

20

10

0

20

Notch depth anth µm

40

Figure 14—Comparison of the influence of the notch depth and the thickness of the nonmartensitic layer when the inclusion exists.

2000

MPa

A’=1µm

10µm
420C(EP)
C1 9A

1000

420O(EP)

0A
0B

100µm
1000µm

420C
420O

C1 with
WEDM notch

0

0

obtained by the microscopic observation is, however, scattered
in a rather wide range as illustrated in the figure. So, the actual
size of the inclusion which caused the tooth breakage is not
clarified, and this may be the above mentioned result. This figure quantitatively shows the effectiveness of tooth surface finishing in enhancing the strength.
Figure 13 indicates the fatigue test result of C2 gears with
an artificial micronotch as well as a nonmartensitic layer. The
meaning of marks in the figure is the same as Figure 1. Since
the inclusion is comprised in the material, the influences of
three kinds of defects are examined in the plane of inclusion
size of Ai = 8.7 µm in Figure 9. It is illustrated in Figure 14. The
region where the inclusion acts as the principal defect is presented by the small area close to the origin and the equistrength
line is drawn in the region except for the area shown in the figure. This suggests the inclusion acts as the principal defect, and
only in the case of good surface finishing is it experienced.
Though numerous tooth breakages, which were not caused by
the notch, are plotted in the region below the equistrength line,
it remains unsolved.
Verification of the Effectiveness of Proposed Formula
The authors have clarified the effects of hardness and residual stress on the enhancement of bending fatigue strength and
proposed an experimental formula for the estimation of strength
(Refs. 1 and 2). The formula is expressed as

30

0

Strength S

Inoue

200

400

600

Hardness H

800

Hv

1000

Here, Hc[Hv] is core hardness, Hs[Hv] is surface hardness,
σR [MPa] is residual stress. Additionally, σuc = f(Hc), σusc =
g(Hs – Hc), and σuR = h(σR) express fatigue strength of the
material without heat treatment, increased fatigue strength due
to case hardening and fatigue strength due to residual stress,
respectively. In the formula, the influence of defects on the
strength is not considered.
The strength obtained in Equation 7 is compared with the
strength evaluated in Equation 4 in Figure 15, taking the defect
size as a parameter. The estimation by Equation 7 is close to the
strength of the gears with 30–40 µm defects and has a considerable error in case of the clean steel 420C(EP). It is confirmed
from the figure that the formula in Equation 7 can be used for
practical gear design except when the gears have such a small
defect. In Figure 15, the gears 0A, 0B and 9A were used for the
derivation of Equation 7.
The square plots shown in Figure 15 are the strength of C1
gears with a notch processed by wire electric discharge machining. The strength evaluation method proposed in this report is
applicable to the gears with an extremely large defect.
Conclusion
In order to establish a strength evaluation method that takes

Figure 15—Estimation of strength of gears.
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defects into consideration, the authors had proposed a formula
of strength evaluation. In this research, the formula was modified to more general form and the influences of inclusion size,
notch depth and nonmartensitic layer thickness were quantitatively clarified based on the fatigue test results of carburized
gears made of SCM420 ordinary steel and SCM420 clean steel.
The conclusions may be summarized as follows.
The strength evaluation formulas derived from the test of
the carburized gear with the artificial micronotch as well as the
nonmartensitic layer were unified using the equivalent defect
size A' . Its effectiveness was confirmed by the fatigue test
result of carburized gears made of SCM420 ordinary steel and
SCM420 clean steel.
The principal defect, which limited the strength, was inferentially identified so as to evaluate the strength of gears with
several kinds of defects such as inclusions, tool marks and nonmartensitic layers.
After removing the surface nonmartensitic layer, the
fatigue strength of clean steel gears was 28% greater than that
of ordinary steel gears. However, there was no difference in
strength in the case when the nonmartensitic layer existed in the
surface. These results were explained from the viewpoint of
principal defect.
The strength estimated from hardness and residual stress
was close to the strength of gears with 30–40 µm defects. r
References
1. Toshimi Tobe, Masana Kato, Katsumi Inoue, Isao Morita and Nobuo Takatsu.
“Bending Strength of Carburized SCM420H Spur Gear Teeth.” JSME Bulletin, 29,
1986, pp. 273–280.
2. Katsumi Inoue, Toshiyuki Maehara, Masashi Yamanaka and Masana Kato. “The
Effect of Shot Peening on the Bending Strength of Carburized Spur Gear Teeth.” JSME.
54–502, C, pp. 1331–1337.
3. Katsumi Inoue and Masana Kato. “Estimation of Fatigue Strength Enhancement for
Carburized and Shot Peened Gears.” J. Propulsion and Power, 10–3, 1994, 362–368.
4. Masana Kato, Toshihiko Yamashita, Tomoya Masuyama and Katsumi Inoue. “A
Consideration for the Fatigue Crack Initiation of Carburized Gears.” 1995, 192–193.
5. Yukitaka Murakami. 1993, Metal Fatigue: Effects of Small Defects and Nonmetallic
Inclusions (in Japanese).
6. Garwood, M.F. et al. Correlation of Laboratory Tests and Service Performance,
Interpretation of Tests and Correlation with Service. ASM (1951) 1–77.
7. Tomoya Masuyama, Masana Kato, Katsumi Inoue and Gang Deng. “Bending
Strength of Carburized Gear Teeth with a Micro Notch,” Proceedings of the 4th World
Congress on Gearing and Power Transmission, Vol. 3, pp. 1449–1461.
8. Tomoya Masuyama, Masana Kato, Katsumi Inoue, and Toshihiko Yamashita.
“Evaluation of Bending Strength of Carburized Gears Based on Quantification of
Defect Size in the Surface Layer.” Proceedings of DETC’00, ASME 2000 Design
Enginnering Technical Conferences and Computers and Information in Engineering
Conference (2000), DETC2000/PTG-14381 (CD-ROM).
9. Katsumi Inoue, Gang Deng and Masana Kato. 1989, “Evaluation of the Strength of
Carburized Spur Gear Teeth Based on Fracture Mechanics,” TransJSME (in Japanese),
55–514, C, pp. 1488–1493.
10. Katsumi Inoue, Kenichi Kitamura, Masashi Yamanaka, Tomoya Masuyama and
Jinichi Asano. Proc. of the 1st Machine Design and Tribology Division Meeting in
JSME (in Japanese), pp. 73–76.
11. Toshimi Tobe, Masana Kato and Katsumi Inoue, “True Stresses and Stiffness of
Spur Gear Teeth,” Proc. Of Fifth World Congress on Theory of Machines and
Mechanisms. 2, pp. 1105–1108.
12. Little, R.E., 1972, Probabilistic Aspects of Fatigue, ASTM STP 511, pp. 29–42.

Tell Us What You Think . . .
E-mail wrs@geartechnology.com to
• Rate this article
• Request more information
Or call (847) 437-6604 to talk to one of our editors!
www.powertransmission.com • www.geartechnology.com • GEAR TECHNOLOGY • MAY/JUNE 2004 37

C

Page 38

f Gl

3:54 PM

t

4/26/04

Ph t

Gear Grinding

Gear Grinding

4/22/04

1:49 PM

Page 39

Grinding
Abrasives
and

Flexibility and pro-

Flexibility is seen in many of the newest model gear grinding machines. Several machine tool manufacturers (Kapp,

ductivity are the key-

Liebherr & Samputensili) now offer dedicated gear grinding
machines that are capable of either generating grinding or

words in today’s

form grinding on the same machine, and the machines can use
either dressable wheels or electroplated CBN wheels. On-

grinding operations.

machine dressing and inspection have become the norm.
Automation is another buzzword in grinding and abrasives
this year. Gear manufacturers are reducing their costs per

Machines are becom-

piece by adding automation and robotics to their grinding and
deburring operations.

ing more flexible as

Productivity is being further enhanced by the latest grinding wheels and abrasive technology. Tools are lasting longer

manufacturers look
for ways to produce

and removing more stock due to improvements in engineering
and material technology.
All of this adds up to a variety of possible solutions for the
modern gear manufacturer. If your manufacturing operation
includes grinding, honing, deburring, tool

more parts at a

sharpening or any number of other abrasive
machining operations, today’s technology

lower cost. What

offers the promise of increased productivity, lower costs and greater quality than

Photo courtesy of Gleason Corp.

used to take two

ever before.

By William R. Stott

machines or more
now takes just one.
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ROTARY TRANSFER GRINDER
FROM ITM
International Tool Machines of
Florida, Inc. (ITM), located in Palm
Coast, FL, has introduced a new multistation grinder, the RTG Rotary Transfer
Grinder, a compact grinding cell made
up of as many as five precision grinding
heads attached by a high-speed rotary
transfer mechanism.
The RTG can produce complete
gears, worms, cams, splines, shafts, and

other ground parts. The machine’s concept
is to produce a complete workpiece by
spreading the grinding operations over up
to five different grinding stations on the
same machine. The cycle time to produce
a ground part is equal to the longest single
operation plus transfer time.
For example, the RTG can grind
OD, ID, face, threads, gear teeth, lobes,
etc., in sequence, without having to
remove the part from the machine.
According to Kenneth H. Larson, Jr., VP
of sales and marketing, cycle time reductions of over 80% are possible when
compared with conventional setup and
movement between machines.
The multi-station design also allows
for improved part quality and longer
wheel life because finer wheels and
lower feed rates can be used for the
shorter grinding operations without
affecting the overall cycle time to produce a complete part, Larson says.
The machine can be equipped with a
variety of loading options, including

cassette, hopper, vibratory, and robotic
loading. Options such as in-process gaging, finished part inspection, oversize
blank inspection, wheel balancing,
wheel dressing, and machine networking
are also available. Motor spindles up to
50 hp are available.
To further enhance productivity,
Larson says, up to 10 multi-station
grinders can be run by a single operator.
ITM manufactures a wide range of
grinding machines, including a variety of
tool and cutter grinders, as well as their
Series 2005 Universal Gear Grinder,
which is designed for the high production
grinding of gears up to 20" in diameter.
International Tool Machines of
Florida, Inc. (ITM)
5 Industry Drive
Palm Coast, FL 32137
Phone: (386) 446-0500
Fax: (386) 445-5700
Email: iitm@pcfl.net
Web: www.itmfl.com

Today’s Flexible Gear Grinders
Form grinding and generating grinding used to be separate processes, requiring separate machines from separate manufacturers. Either you had a form grinding machine or you had a continuous generating grinding machine. Or, if you had applications that required both processes, you needed two or more very expensive, dedicated machines. However, over the past year,
Kapp, Liebherr and Samputensili have introduced machines that incorporate both form grinding and generating grinding
processes on one machine. In addition, these machines are capable of using either electroplated or dressable grinding wheels.
KAPP KX300P Introduced in 2004, the KX300P features spindle-integrated balancing of the grinding tool, and it comes with on-board gear inspection. The
machine can be equipped with a custom-designed automatic loading system.
Kapp Technologies
2870 Wilderness Place, Boulder, CO 80301
Phone: (303) 447-1130 • Fax: (303) 447-1131
E-mail: info@kapp-usa.com • Internet: www.kapp-usa.com

LIEBHERR LCS SERIES With the LCS series, CBN profile grinding can be used
for grinding internal gears, either spur or helical. The LCS 300 was introduced
at EMO 2003 in Milan.
Liebherr Gear Technology Co.
1465 Woodland Drive, Saline, MI 48176-1259
Phone: (734) 429-7225 • Fax: (734) 429-2294
E-mail: info@lgt.liebherr.com • Internet: www.liebherr.com

SAMPUTENSILI S CLASS The S class gear grinding machines from
Samputensili can grind external gears, shafts, worms or rotors. Besides profile and continuous generating grinding, the machines can also shave grind.
The S 250 G was introduced in October at EMO 2003 in Milan. The S class
grinders can be equipped with on-board inspection, an external balancing
unit and various automation systems for workpiece exchange and storage.
Star-SU LLC
5200 Prairie Stone Parkway, Suite 100, Hoffman Estates, IL 60192
Phone: (847) 649-1450 • Fax: (847) 649-0112
E-mail: sales@star-su.com • Internet: www.star-su.com

40

MAY/JUNE 2004 • GEAR TECHNOLOGY • www.geartechnology.com • www.powertransmission.com

Gear Grinding

4/26/04

3:59 PM

Page 41

Staying Competitive Through Automation
Sam Haines, president of Gear Motions Inc., is building what he believes to be the only fully
automated gear grinding job shop in the country at the Nixon Gear division in Syracuse, NY. In
January, Nixon installed a new Reishauer RZ-400 gear grinder. After a runoff and
shakedown period, the machine will soon be equipped with a robot, parts
movers and software.
“When we finish this project,” says Haines, “we believe we’ll be the first job
shop in the country with automated gear grinding of this magnitude.”
Haines says this latest investment is part of a natural progression for the
company, which built its first manufacturing cell more than 10 years ago and
which has been working on ways to improve throughput and manufacturing
processes ever since.
“In order to compete worldwide, we have to employ more technology,”
Haines says.
Last year, Nixon Gear spent nearly $750,000 to fully automate the pre-heat treat
part cell, which produces gears for the BMW Mini Cooper automobile. That cell
includes a fully automated bar-fed turning center and robotically loaded CNC gear
hobbing machine, enabling the company to take parts from raw material to preheat treating with minimal human intervention, Haines says.
That manufacturing cell allows Gear Motions to produce as many as 2,000 gear sets (4,000
parts) per week, Haines adds.
In addition to buying the latest-model equipment, which Haines says is proving to be about
twice as productive as the previous technology, Gear Motions has also been investing time and
money into developing robotics systems to make existing machines more productive. Nixon
Gear recently completed design and development of a small, inside-the-machine robot system,
for its Gleason TAG400 gear grinder. The hard finishing operation for the very small Mini Cooper
parts is expected to double production simply by reducing changeover time, Haines says.
Developing automated manufacturing has enabled Gear Motions to develop significant
process capability, Haines says. “One of the things we’ve learned as we employ more technology is that it’s not only productive from a time standpoint, but it’s improving process capability as well.”
Over the past three years, Gear Motions companies have invested more than $3 million in
technology. The large gear division, Oliver Gear, in Buffalo, NY, recently installed the new Höfler
Helix 700 gear grinder with on-board inspection. On-board inspection helps significantly reduce
the time spent moving large, heavy parts to the company’s quality lab. Automation on that
machine has led to faster setups and greater part yields, according to Oliver’s vice president,
Mike Barron.
“The investment seems to be paying off for the Gear Motions companies,” Haines says. “We
were able to emerge from the recent recession with a bottom line and move the ball forward
for our customers.” He says the company has been able to reduce the lead time for its biggest
customer down to one week.
Gear Motions Inc.
1750 Milton Ave.
Syracuse, NY 13209
Phone: (315) 488-0100
Fax: (315) 488-0196
E-mail: samhaine@gearmotions.com
Internet: www.gearmotions.com

Gleason Corp.
1000 University Ave.
Rochester, NY 14607
Phone: (585) 473-1000
Fax: (585) 461-4348
E-mail: sales@gleason.com
Internet: www.gleason.com

Höfler Maschinenbau GmbH
Industriestrasse 19
D-76275 Ettlingen-Oberweier
Phone: + (49) (7243) 559-161
Fax: + (49) (7243) 559-165
E-mail: info@hofler.de
Internet: www.hofler.de

Reishauer Corp.
1525 Holmes Rd.
Elgin, IL 60123
Phone: (847) 888-3828
Fax: (847) 888-0343
E-mail: reishauer@reishauer-us.com
Internet: www.reishauer.com
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NEW GLEASON-HURTH ZH 200
GEAR HONING MACHINE
Gleason has introduced the ZH 200
gear honing machine, a completely redesigned and re-engineered version of the
company’s ZH 250 gear honing machine.
The ZH 200 incorporates a directdrive honing head and headstock to
deliver higher accuracies and speeds on
workpieces up to 200 mm (7.87"), with

maximum tooth widths of 50 mm
(1.97"), and module range of 0.5 to 4.5.
The ZH 200 can combine its high cutting
speeds with an optional, fast, fully integrated gantry loader system, thus offering the potential for significant improvements in overall cycle times.
The ZH 200 has been designed for
ease of use, reliability and maintainability in even the harshest environments.
Like the ZH 250, the ZH 200 uses
Gleason’s patented Spheric® Honing
process. This process ensures that every
workpiece/tool contact point is precisely
controlled, thus significantly improving
tooth geometry, run-out and pitch errors,
thereby producing a high-quality flank
surface with low-noise tooth contact
characteristics.
The Gleason-Hurth Spheric®
Honing software is fully integrated with

the Siemens CNC controller, enabling
the operator to create the optimum
machining cycle simply by entering the
tool and workpiece information. The
machine software automatically creates
the machining cycle.
Gleason-Hurth also provides the
tooling: in this case both the internal
gear abrasive honing ring for machining
and the diamond dressing tools used to
dress the abrasive tooling.
Gleason Corp.
1000 University Avenue
P.O. Box 22970
Rochester, NY 14607-1282
Phone: (585) 473-1000
Fax: (585) 461-4348
E-mail: sales@gleason.com
Internet: www.gleason.com

All On-Board!
Integrated Inspection and Dressing Increase Productivity
Grinding gear teeth used to be a very time-consuming process involving multiple setups and transfer of parts between a
gear grinding machine and a gear inspection machine.
Typically, an operator would set up a part to be ground, then grind one flank or tooth space. The part would then be taken
off the grinding machine—leaving that machine idle—and taken to a dedicated gear checker or inspection machine for a
thorough inspection. If the part passed this inspection, it would be returned to the gear grinder and set up again. When corrections were necessary, additional test spaces would be ground and rechecked before the rest of the cycle would be
allowed to run, meaning even more idle time for the grinding machine.
At Overton Gear & Tool of Addison, IL, removing the gear, transfering it and checking it on a gear checker took anywhere
from one to three hours, depending on the size of the gear, every time they had to do it, says executive vice president Kevin
Walsh. He adds that it was common at Overton to remove the gear three times before the full cycle was allowed to run.
But recently, Overton invested in a NILES ZE800S profile grinding machine sold by KAPP Technologies of Boulder, CO.
That machine came equipped with on-board inspection and on-board dressing, two options that are becoming increasingly
common on today’s gear grinders.
According to Walsh, an operator can use the machine to grind two opposite tooth spaces, inspect them, immediately
make corrections, regrind them and retest them.
“It saves hours,” Walsh says. “With this machine, we save a significant amount of time in the setup procedure and don’t
waste nearly as much material in the beginning because of the on-board inspection.”
The first gear that is ground still has to be removed from the machine and sent to the lab for inspection, but the company no longer suffers idle time waiting for the results. Operators have enough confidence in the on-board inspection
process to grind the next part without having to wait for the inspection, Walsh says. Instead of being idle one to three hours,
“The machine continues to run.”
Similarly, on-board dressing of grinding tools is a significant advantage. Instead of a separate device and more setups,
dressing takes place on the machine. This helps save idle time and improves quality, Walsh says.
Overton Gear specializes in short runs and quick delivery of high-quality cut and
ground gears for locomotives, off-highway vehicles, wind power turbines, industrial
extruders and other heavy machinery. The company can cut either internal or external
spur or helical gears from 12 mm (1/2") up to 2 m (80") in diameter, and it can grind internal
gears up to 1.2 m (47") and external gears up to 1.5 m (60"). Overton Gear also has its own
in-house heat treating facility.
Because of Overton’s niche in short runs and its need for quick deliveries, the ability to
incorporate on-board inspection is a significant advantage, Walsh says. “We can grind 10
one-piece orders in a three-day time frame. Before it took us three times as long.”
Overton Gear & Tool Co.
530 Westgate Drive, Addison, IL 60101 • Phone: (630) 543-9570 • Fax: (630) 543-7440
E-mail: info@overtongear.com • Internet: www.overtongear.com

The NILES ZE800S.
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KAPP Technologies
2870 Wilderness Place, Boulder, CO 80301 • Phone: (303) 447-1130 • Fax: (303) 447-1131
E-Mail: info@kapp-usa.com • Internet: www.kapp-usa.com
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Automated Deburring

DRAKE GRINDER COMBINES
ROUGH/FINISH OPERATIONS
Drake Manufacturing of Warren,
OH, has introduced a new 5-axis CNC
grinding machine, the GS:G2, which
allows the rough and finish grinding of
hardened, pre-cut gears in one operation.
The GS:G2 employs two grinding
wheels, so there’s no time lost between
rough and finish grinding operations,
according to the company’s press release.
The machine is equipped with a
menu-driven control system that
includes Drake’s Gear Smart™ programming, which allows part changeovers in 15 minutes or less. The control
system can be adapted with additional
menu entries for customer-specific
applications.
Other features of the machine
include CNC contour diamond roll
dressing, constant surface speed as the
wheel wears, infinitely variable wheel
and work speeds selectable for roughing
and finishing, and CNC-controlled helix
and work rotation.
The GS:G2 can grind from 0.5 to 8
module (50 to 3 DP), from 25–250 mm
(1.0 to 10") pitch diameter, and it can
grind gears to AGMA 12 specifications.
Drake Manufacturing
4371 N. Leavitt Rd.
Warren, OH 44485
Phone: (330) 847-7291
Fax: (330) 847-6323
E-mail: info@drakemfg.com
Internet: www.drakemfg.com
NEW TOOL GRINDER FROM
SCHÜTTE LLC
The new WU305 CNC Universal
Tool and Cutter Grinder from Schütte
LLC of Jackson, MI, allows for the grinding of gear cutting tools and other cutting
tools on the same machine. The WU305
features menu-driven software for the
grinding of bevel gear stick blades, gear
shaper cutters and hobs, according to
David Brigham, vice president.

A manufacturer of hydraulic pumps in Italy used to
spend a lot of time manually deburring gears. Not only did
the manufacturer seek a more efficient way to deburr, but
the company wanted to improve the surface finish on the
shafts and walls of the gears.
The solution was a completely automated deburring
cell, designed and manufactured by Dan di De-Antoni s.r.l.,
also known as Dan Technology, of Coccaglio, Italy.
The system deburrs the gears, provides a slight chamfer (edge break) along the tooth edges and superfinishes
the walls of the gears (Ra = 0.2 mm) and the shafts (Ra =
0.15 mm).
What used to be done manually is now completely automated for Dan Technology’s customer, says Carlos Trujillo,
director of sales, marketing and application engineering for
the Americas. The system was designed to operate 24
hours a day, seven days a week.
In fact, the deburring cell has a magazine capacity of
8–10 hours, meaning it can run unattended for a full shift.
“You may work without labor costs—even on Saturday or
Sunday,” Trujillo says.
The center of the deburring cell is a deburring machine
tool that incorporates a patented system for maintaining
constant pressure and speed of rotation of the abrasive
wheel on the workpiece, Trujillo says. “Our systems have a
lot of accuracy not because of the robots, but because of
the technology in the patented Dan units.”
The cell includes a robot that manages the magazine of
baskets, receiving them, creating stacks and moving stacks
with automatic conveyor belts. After the deburring/chamfering operation, the parts move automatically to a parts
washing station.
The system can be programmed for different types
of gears and different sizes.
Systems can also be set up
to use brushes for deburring
instead of abrasive wheels.
A system similar to the
one set up for this pump
manufacturer costs in the
range of $190,000–$300,000.
Dan di De-Antoni s.r.l.
Strada Statale 11
25030 Coccaglio (BS)
Italy
Phone: + (39) 030-772-1850
Fax: + (39) 030-724-0612
E-mail: dantech@deantoni.it
Internet: www.deantoni.it
Abrasit (Dan Technology’s U.S. Representative)
3201 Reserve Drive NE
Atlanta, GA 30319
Phone: (404) 816-5045
Fax: (404) 238-9598
E-mail: info@abrasit.com
Internet: www.abrasit.com
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The Single Stroke Honing tools can
be used on Sunnen’s VSS Single Stroke
Honing system or machines manufactured by others. They can be used with
either water- or oil-based coolants.
Sunnen Products Co.
7910 Manchester Ave.
St. Louis, MO 63143
Phone: (314) 781-2100
Fax: (314) 781-2268
E-mail: sunnen@sunnen.com
Internet: www.sunnen.com

Switching the gear-related tooling to
standard cutting tools involves changing
the 50-taper tool holding and calling up
the software, Brigham says.
Since the WU305 is a standard
machine from Schütte, no special
machine components or modifications
are required to grind gear tools. As an
example, the menu-driven software for
the regrind or manufacture of stick
blades allows the machine operator the
flexibility to modify any ratio on the
blades being produced.
“This makes the machine an affordable alternative to having to send your
gear-related cutting tools back to the
manufacturer,” Brigham says.
Full factory support for the North
American market is located at the
Schütte facility in Jackson, MI.
Schütte LLC
4055 Morrill Rd.
Jackson, MI 49201
Phone: (517) 782-2938
Fax: (517) 782-2940
E-mail: davidtgm@ac.net
Internet: www.schuttetgm.com

SUNNEN ANNOUNCES SINGLESTROKE HONING TOOLS
Sunnen Products Co. of St. Louis,
MO, has introduced a new generation of
helix plated diamond tools designed for
fast stock removal and consistent bore
geometry at competitive prices. The
Single Stroke Honing® tools can be
designed to optimize customer applications.
With Single Stroke Honing, the tools
go through the bore only once, removing
a predetermined amount of stock, progressively enlarging the bore. According
to the company’s press release, thousands of bores can be sized with the
same tool.
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Dr. Kaiser Diamantwerkzeuge
Am Wasserturm 33 G
D-29223 Celle
Germany
Phone: + (49) 5141-9386-0
Fax: + (49) 5141-9386-46
E-mail: info@drkaiser.de
Internet: www.drkaiser.de

Rappold-Winterthur Technologie
GmbH
St.-Magdalener Str. 85
A-9500 Villach
Austria
LONGER LASTING DEBURRING Phone: + (43) 4242-41811-0
WHEELS FROM CRATEX
Fax: + (43) 4242-41811-700
Cratex MX abrasive wheels are com- E-mail: office@rappold-winterthur.at
monly used in gear deburring opera- Internet: www.rappold-winterthur.com
tions, says John Rossi, VP sales & marketing for Cratex Manufacturing Co.
Inc. of Encinitas, CA. But recently, the
company has developed a new generation of the abrasive wheels that provide
a number of benefits.
The company’s focus has been on
developing a completely non-loading,
cool working abrasive wheel without
sacrificing wheel life, Rossi says.
Cratex’s research and development
effort has produced a new, stronger cotSERVICE NETWORK INC.
ton fiber backing material without the
APPOINTS NEW REP.
side effects of increased rigidity.
Service Network Inc. has appointed
In some cases, the new wheels allow Kansas-Oklahoma Machine Tools
the deburring machine operator to turn (KOMT) as its exclusive representative
off his automatic wheel dresser or his for the states of Kansas, Oklahoma, and
manual timer, Rossi says. “The enhance- Missouri. KOMT has offices located in
ments achieved are free cutting, non- Wichita, KS; Kansas City, KS;
loading, long lasting abrasive wheels.”
Oklahoma City, OK; Tulsa, OK; and St.
Rossi adds that further experiments Louis, MO.
with single-wheel grain percentages
SNI recently introduced two new
have been successful in developing a lines of production grinders, including
process for polishing and deburring in the SN400-I Internal and the SN200-E
one step.
External. SNI also offers service,
Cratex MX abrasive wheels are suit- upgrade and remanufacturing of Heald
able for use on most gear deburring grinders.
equipment, including Redin, Chamfermatic and others, Rossi says.
Service Network Inc.
58 Mountain Road
Cratex Manufacturing Co. Inc.
P.O. Box 2
328 Encinitas Blvd. #200
Princeton, MA 01541
Encinitas, CA 92024
Phone: (978) 464-5589
Phone: (800) 800-4077
Fax: (978) 464-5069
Fax: (800) 788-0463
E-mail: lgordon@sni-grinders.com
E-mail: jrossi@cratex.com
Internet: www.sni-grinders.com
Internet: www.cratex.com
Kansas-Oklahoma Machine Tools
DR. KAISER, RAPPOLD
3427 West 30th Street South
WINTERTHUR ANNOUNCE
Wichita, KS 67217
COOPERATION
Phone: (316) 945-6800
Dr. Kaiser dressing tools are now Fax: (316) 945-7667
being sold in Austria and Slovenia by E-mail: wichita@komt.com
agents of Rappold Winterthur Technologie Internet: www.komt.com
GmbH of Villach, Austria, according to a
Rappold Winterthur press release.
ANCA DEVELOPS DEDICATED
Technicians of Rappold Winterthur
STICK BLADE GRINDER
are being specially trained by Dr. Kaiser
ANCA, located in Melbourne,
as application engineers for Dr. Kaiser’s Australia, has developed a complete sysproduct range.
tem for manufacturing and reconditionRappold Winterthur Technologie ing of bevel gear stick blades. The sysGmbH is part of the Rappold Winterthur tem includes the ANCA SBG (stick
Group, based in Winterthur, Switzer- blade grinder) CNC machine, loader,
land.
fixtures and dedicated software.
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Holroyd Introduces New
Turnkey Superabrasive Facility

According to the company’s press
release, the system also includes postprocess measurement and compensation,
which increases efficiency in setup and
grinding of batches with different cross
sections and geometries.
The SBG was designed to achieve
high accuracy and fast cycle times in
order to serve the needs of the manufacturers of hypoid gears for automotive
differentials.
The machine is equipped with linear
scales, and it comes with a rigid pick-andplace-style loader that is capable of tool
change in seven seconds. The system can
be equipped with a robotic loader as an
alternative automation solution.
The machine uses a 250 mm (10")
diameter grinding wheel. Precision is
achieved through the use of a Renishaw
tool probe, both before and after the
grinding session. ANCA guarantees
ground parts to within 5 micron (+/0.002") profile accuracy.
According to the company’s press
release, the SBG has been successfully
installed at the manufacturing operations of
a number of leading automotive suppliers.
ANCA Pty. Ltd.
25 Gatwick Road
Bayswater North
VIC 3153
Australia
Phone: + (61) 3-9751 8267
Fax: + (61) 3-9761 6906
E-mail: janl@anca.com.au
Internet: www.anca.com.au

SUNNEN INTRODUCES ML-2000
HONING MACHINE
Sunnen Products Co. of St. Louis,
MO, announced the introduction of the
ML-2000, a new model of the company’s
power-stroked honing machines. The new

Holroyd Machine Tools of Milnrow, England, has set up a
project team to provide turnkey manufacturing systems to
customers for Edgetek superabrasive grinding machines.
“Providing turnkey solutions is what we are good at,” says
Paul Hannah, director for Edgetek machine sales at Holroyd.
“It is something we have routinely undertaken for customers
for our range of thread grinding machines.”
Edgetek machines use high efficiency deep grinding
(HEDG), a process that aims to remove a lot of stock quickly,
thus increasing productivity. According to Holroyd, the specific removal rates range from 50–2,000 mm3/mm/second,
much higher than the 0.1–10 mm3/mm/second associated
with creep feed grinding. Also, the process is intended to be
used on hardened parts and has been successfully implemented on difficult-to-machine materials, such as nickelbased steels common in
aerospace applications
and powdered metals
used for timing gears and
sprockets in car engines.
“We’ve seen at least a
40–50 percent increase in
throughput on every job
we’ve done, and in many
cases, it is much, much
more,” Hannah says. “In
one recent U.K. application, a single 5-axis
Edgetek suprabrasive machine replaced seven conventional milling and grinding
machines, providing a reduction in the throughput time for a
complex finished part from 8 hours to just 12 minutes.”
HEDG uses CBN abrasives, which offer high thermal conductivity to remove heat from the grinding process, and the
machine tools are designed for rigidity and high spindle
speeds. The machines are built on a granite polymer base
and column. The base typically weighs 3 tons and has no resonant frequency, according to Holroyd.
“With our new service, we undertake to engineer our customer’s complete process on an Edgetek machine, typically
integrating automatic loading facilities, measuring machines
for SPC, washing machines for parts cleaning, coolers and
filters, design fixtures, work benches—in fact, anything that
the customer requires,” Hannah says.
Holroyd Machine Tools
Harbour Lane North
Milnrow, Rochdale OL16 3LQ
England
Phone: + (44) (1706) 526590
Fax: + (44) (1706) 353350
E-mail: phannah@holroyd.renold.com
Internet: www.holroyd.com
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machine is designed specifically to meet
the needs of job shops and mid-volume
production applications.
According to the company’s press
release, the ML-2000 has twice the power
and more speed than older Sunnen MBCstyle honing machiens. All setup is
accomplished through computer control.
There are no belts or pulleys to change.
The machine can be equipped with an
optional automatic size control feature,
which allows better control of bore size,
finish and geometry. With this feature, the
honing cycle automatically stops when the
bore is to size.
The ML-2000 provides an alternative
to I.D. grinding and other finishing
processes. Because of its stock removal
rates, preliminary reaming, boring or
grinding can be eliminated on many operations, according to the release.
Sunnen Products Co.
7910 Manchester Ave.
St. Louis, MO 63143
Phone: (314) 781-2100
Fax: (314) 781-2238
E-mail: sunnen@sunnen.com
Internet: www.sunnen.com

continuous generating grinding of involute gears. The Coroning rings are used
for continuous honing of involute gears.
“Now all gear manufacturers,
regardless of machine type, can take
advantage of our quality and delivery,”
said Lang. “Others advertise delivery of
CBN wheels within weeks; our standard
is 10 days.”
KAPP Technologies
2870 Wilderness Place
Boulder, CO 80301
Phone: (303) 447-1130
Fax: (303) 447-1131
E-mail: info@kapp-usa.com
Internet: www.kapp-usa.com

NEW CNC GRINDERS FROM
CHINA
Shaanxi
Qinchuan
Machinery
Development Co. Ltd. of Shaanxi, China,
has announced two new models of CNC
gear grinding machines.
The 8-axis (5-axis simultaneous)
YK7250 CNC uses worm wheels for continuous-generating grinding of gear teeth.
According to the company’s press release,
the machine is suitable for either single
workpiece or batch production.
The YK7250 comes with CNC-controlled worm wheel dressing, electrostatic
oil mist collection, temperature control
system and dynamic balancing of the
grinding wheel. It is designed for grinding
gears from 100–500 mm diameter, from
2–8 module and face width up to 200 mm.
The company has also developed a
new model of gear grinding machine
specifically designed for internal gears.
The 4-axis YK7550 CNC gear grinding
machine is designed to meet the needs of
manufacturers of planetary gear reducers, internal combustion engines, gas
turbines and other equipment that
requires internal gears.

KAPP EXPANDS SALES
CHANNELS
KAPP Technologies of Boulder, CO,
is now offering CBN-plated wheels to be
used with or without a KAPP form grinding machine.
“We are excited to be able to supply
CBN-plated grinding wheels to the entire
gear and form grinding industry,” says
Tom Lang, vice president and general
manager of KAPP Technologies. “This
opens up new markets to us and gives us
the opportunity to work with customers
who before now couldn’t use our wheels
because they didn’t use KAPP machines.
KAPP manufactures high-precision,
galvanically plated CBN and diamond
tools. In the past, KAPP sold its tools with
its machines to provide a complete customer-focused, turnkey machining
process. KAPP’s products include CBNplated form grinding wheels for discontinuous profile grinding of involute gears,
rotors and other special profiles. KAPP
form grinding wheels can produce both
internal and external profiles.
KAPP also manufactures CBN-plated cylindrical worms and diamond-plated Shaanxi Qinchuan Machinery
Coroning™ tools. The worms are used for Development Co. Ltd.
22 Jiangtan Road
Baoji City, Shaanxi 721009
Phone: + (86) (0917) 367-0795
Fax: + (86) (0917) 339-3994
E-mail: qinchuan@qinchuan.com
Internet: www.qinchuan.com

PRECISION DEEP GRINDING
OF GEARS
Companies in the Czech Republic
and Russia have developed a new method
for grinding gears, according to the
Eureka project, a Belgium-based research
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& development network that strives to
foster international coopration in a variety of technology-based fields.
The new technology uses precision
deep grinding using form-grinding
wheels made by fusing abrasive grains of
alumina corundum and silicon carbide to
the surface of the tool with strong ceramic bonds.
“We developed various formulae for
new high-porosity tools and conducted
industrial tests in 14 Russian factories,”
says professor Viktor Starkov, director of
the Research Centre at the Moscow State
Technological University “Stankin.”
The new tools and process produce
higher quality gears and increase productivity, says Josef Frumar, production
manager at Carborundum Electrite, a
partner in the project and manufacturer of
grinding wheels from the Czech
Republic. Carborundum Electrite carried
out most of the trial testing of the new
technology.
Carborundum Electrite a.s.
Tovarni 1
294-71 Benatky Nad Jizerou
Czech Republic
Phone: + (420) (326) 766-203
Fax: + (420) (326) 766-102

NEW WORM GEAR GRINDING
MACHINE FROM DOIMAK
The RER-W Series grinding machine
from Doimak is designed for machining
worm gears of any type of profile (ZK,
ZN, ZE, ZA) and multiple starts. In addition, it can machine worm gears of variable lead and constant diameter as well as
those of variable diameter and constant
lead. Features include CNC-controlled
wheel-head tilting up to +/- 30˚ and automatic calculation of the wheel profile and
dressing path.
Great Lakes Gear Technologies
8755 Ronda Dr.
Canton, MI 48187
Phone: (734) 416-9300
Fax: (734) 416-7088
rmackowsky@greatlakesgeartech.com
www.greatlakesgeartech.com
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Winds of Change in Profile Grinding
by Michael T. Hayes
Recent breakthroughs in profile grinding software are helping Anderson Precision Gears
and others meet wind power’s insatiable appetite for faster
production of large, high-quality gears.
Stand out in the open on the Scottish Highlands or on a golf course or beach along the
North Sea for any length of time, and you’ll understand why Scotland is considered one of the
world’s fastest growing and most promising renewable energy markets. The British government has estimated that construction of a new £1 million wind turbine must be completed
every day for the next seven years to meet the country’s ambitious renewable energy target—
all part of the European Union’s 2010 objective of producing 22% of its electricity using renewables.
Companies like Anderson Precision Gears (APG) of Motherwell, United Kingdom, are gearing up to get a piece of this business, knowing full well that hundreds of wind turbine gearboxes multiplied by thousands of gears equals, well, you do the math. APG managing director
Willie Wales and APG sales and marketing director Ian Kinstrie evidently have, because
they’ve just made a significant investment in a Gleason-Pfauter P 2000 G.
“With gearboxes accounting for fully 20% of the total cost of a wind turbine, gearbox manufacturers are keen to take cost out of the gear production process,” says Wales.
“But complicating matters is the size of these gears and the need for very high quality, since reliability is an enormous concern. These wind turbines are often installed
in the most remote locations and operate under adverse and extreme temperature
and wind conditions.”
New frontiers, revolutionary software. Gleason has unveiled new profile grinding
software, driven by the latest Siemens 840D CNC, for its new-generation GleasonPfauter profile grinders. According to Gleason product manager Richard Scoda, the
new software reduces non-productive time—a disproportionately large and costly
part of overall part processing that has defied big improvements. The approach taken
by Gleason Pfauter reduces the “dead time” in the cycle through adaptive control.
The machine knows where the grinding wheel is and moves quickly when there is air
between the wheel and gears.
“New grinding wheel compounds and grades, combined with improvements in
machine kinematics, have optimized the grinding cycle to the point where only incremental improvements can be made,” says Scoda. “We’re now machining about as
fast as we can with current wheel technology. That leaves nonproductive time—
setup, cutting air, inspection—as the areas still left where we can make a big impact
on cost per piece and quality. The new software is a big part of that process.”
Setup measured in minutes vs. hours. Among the benefits to end-users like APG
is Gleason’s new patent-pending software, which automatically compensates for clamping misalignments and
eliminates the possibility of both radial
eccentricity and axial runout after the
setup.
Traditionally, manual setup can take
four, even five times as long as the actual machining cycle, as the operator,
using a dial indicator and rubber hammer, painstakingly bangs a part into a
centered position relative to the table
and machine axes.
The software, combined with a special measuring device and the calculating power of the CNC unit, initially
determines the position of the part after
clamping and then compensates for
actual eccentric or oblique positioning
using the machine’s five axes during
Willie Wales, managing director, and Ian Kinstrie, marketing director,
machining.
of Anderson Precision Gears.

The Gleason-Pfauter P 2000 G
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”An investment
in the latest
technology,
while sizable,
is the only way
we know of to
achieve our
future growth
potential in the
world of big
gear production.‘“
—Ian Kinstrie,
Marketing Director,
Anderson Precision
Gears
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Cutting cycle times, not air. Using Gleason’s new Adaptive Process Control software, APG
will also be able to squeeze out additional savings in its actual cycle times, by greatly reducing the cutting of air.
“Typically, the grinding cycle is programmed based on the pre-determined size of a ‘perfect gear,’ but the distortion caused by heat treat makes this difficult to accurately determine,” says Scoda. “As a result, the grinding wheel might not be actually in contact with the
tooth flank as much as we think, so that the cycle might take longer than it needs to, and
dressing intervals might be more frequent than required, given how much material is actually removed.”
Gleason’s Adaptive Process Control system can actually detect when there is no contact
between the grinding wheel and the workpiece flank during axial infeed, and then a higher
axial feed rate kicks in. The normal feed rate is used only when the grinding wheel is
engaged. This dynamic adaptation of the axial feed rate to actual part size after distortion
ultimately can save many minutes of cycle time on a large part.
Dual-flank speed, single-flank flexibility. The P 2000 G software also will give the
machine the ability to perform dressable grinding of both tooth flanks simultaneously—a normal procedure on basic, identical involute profiles—but with the flexibility to grind special
profiles on one of the flanks at the same time. According to Scoda, this is particularly vital in
the hard finishing of gears for wind turbine gearboxes. “Creating a special tooth twist for
optimum contact conditions is critical in wind power in order to compensate for the enormous loads placed on these gears and make them more reliable,” Scoda says. “Now you can
do what normally could only be done with single-flank grinding, but
at dual-flank production rates.”
Other features of the P 2000 G include an integrated Windows®based user interface, fully automatic stock division, on-machine
dressing with automatic compensation for wheel wear, the ability to
use either vitrified or plated CBN wheels, a built-in grinding technology database, K-chart inspection and the ability to grind both
external and internal gears.
The ability to finish internal ring gears is a key capability, according to Kinstrie, since planetary gear systems are the most common
found in wind turbine gearboxes.
Kinstrie is optimistic about his company’s chances at expanding
its wind power business throughout the U.K. and Europe, while further improving its product offering to traditional markets like mining,
earthmoving, aerospace and rail. “This new Gleason-Pfauter technology meets the need for faster production and better quality, the watchwords in all of these
industries today,” he says. “An investment in the latest technology, while sizable, is the only
way we know of to achieve our future
growth potential in the world of big gear
production.”
Anderson Precision Gears Ltd.
Flemington Industrial Park,
Craigneuk Street,
Motherwell, Lanarkshire ML1 2NT
United Kingdom
Phone: + (44) (1698) 260-000
Fax: + (44) (1698) 252-010
E-mail: apg-enquiries@apg-gears.com
Internet: www.apg-gears.com
Gleason Corp.
1000 University Ave.
P.O. Box 22970
Rochester, NY 14607-1282
Phone: (585) 473-1000
Fax: (585) 461-4348
E-mail: sales@gleason.com
Internet: www.gleason.com
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TECHNICAL CALENDAR
May 11–13—ABAR-U. Ipsen International Inc., Rockford, IL.
Attendees learn the fundamentals of heat treating, pumping systems and pumps and step-by-step procedures for operating vacuum furnace equipment. For more information, contact Ipsen
International by telephone at (815) 332-4941 or by e-mail at
DLN@abaripsen.com.
May 11–13—Grinding Principles & Practice. TechSolve facility, Cincinnati, OH. Topics include principles and types of grinding, control and predictability of grinding operations, grinding
wheels, grinding relationships and engineering, part cooling, surface vibration and more. $895. For more information, contact
TechSolve on the Internet at www.TechSolve.org.
June 7–9—AGMA Gear Manufacturing Technology Course.
Star-SU facility, Hoffman Estates, IL. Aimed at all levels of gear
manufacturing personnel from operators to engineers, this class
is focused on troubleshooting the manufacturing process from
basic principles. Later this year, this course will also be held in
California and North Carolina. $750. For more information, contact Gear Consulting Group by telephone at (269) 623-4993 or
by e-mail at gearconsulting@aol.com.
June 8–9—Theory of Geometry and Strength Calculations
for Gears: Gear Design Determination and Optimization.
KISSsoft facility, Zurich, Switzerland. This seminar explains the
basis for strength calculations according to ISO 6336 and gives
participants the opportunity to implement the knowledge on PCs.
Topics covered include geometry of gears, manufacturing tolerances, non-involute tooth forms, strength calculation for gears
and for non-involute forms. Seminars will be held in English and
in conjunction with an overview of KISSsoft and shaft/bearing
calculation software on June 7 and KISSsys: Modeling of a
System of Machine Elements on June 10. €400. For more information, contact KISSsoft by e-mail at info@kisssoft.ch.
June 8–10—Centerless Grinding Principles. TechSolve facility, Cincinnati, OH. A companion course to the company’s
Grinding Principles & Practice, this seminar covers roundness
generation, chatter and vibration, thermal considerations and
process design. $895. For more information, contact TechSolve
on the Internet at www.TechSolve.org.
June 21–25—Basic Gear Fundamentals Course. Gleason
Corp., Loves Park, IL. This program is designed for individuals
seeking a basic understanding of gear nomenclature, geometry,
manufacturing and inspection. $895 includes handbook, materials, a group dinner and lunches. For more information, contact
Gleason Corp. on the Internet at www.gleason.com.
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Global Solutions from a Truly Global Company
The only company of its kind with a truly global
manufacturing presence in all three areas of its
customer's production: Europe, United States, Far
East.
miniGears is the first name worldwide in providing
small and mid-size precision transmission components in high volumes produced with consistently
exceptional quality, both by traditional steel
machining and highly innovative powder
metallurgical PM processes.
A team of highly motivated and qualified individuals, recognized for their competence, accountability, innovation capability and responsiveness
to customers' needs, have established miniGears
as the reliable partner in gear calculation, engineering design and development, testing and
production of gears and complete kinematic mechanisms.

ISO/TS 16949:2002 certified

mG miniGears

North America

2505 International Parkway
Virginia Beach, VA 23452 U.S.A.
ph.: (757) 233-7000
fax: (757) 627-0944
e-mail: mg_usa@minigears.com
internet: www.minigears.com
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FOCUS ON GEAR DESIGN

A Model of the Pumping Action
Between the Teeth of High-Speed
Spur and Helical Gears
C. Milian, J.P. Distretti, P. Leoni, and P. Velex

Summary
With the evolution of the high-speed gearbox market
for high-power turbo units, mesh velocity is increasing
year after year.
For a high-speed gearbox, an important part of power
losses is due to the mesh. A global estimation is not possible and an analytical approach is necessary with evaluations of three different origins of power losses: friction in
mesh contact, gear windage and pumping effect between
teeth.
This article thoroughly explains the last subject. The
theoretical model, which is developed, is a useful tool for
analyzing the physical effect of pumping in mesh. It can be
used to optimize the choice of the gear parameters that
influence heat generation and predict temperature distribution along the teeth for the design of thermal lead corrections.

Trace of the control
volume
L1i

L2i

Figure 1—Definition of the control volume and exit flow areas.
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Abstract
An approximate one-dimensional hydrodynamic analysis of
the air-lubricant pumping between gear teeth is presented.
Assuming an isentropic compression and considering the airlubricant mixture as a perfect gas, the continuity equation is
applied to the control volume limited by the surfaces of the
teeth. Once critical conditions are reached, the exit flows are
bounded and the gas in the control volume is compressed and
heated. The temperature variations along the tooth face delivered by the model compare favorably with those measured on
two industrial turbo-gear sets. It is therefore concluded that the
proposed approach can provide useful indications at the design
stage on the air-lubricant compression between the teeth and on
related heating problems.
Introduction
The gear temperature and temperature distribution are
important parameters for the evaluation of scoring and scuffing
risks as well as tooth load distributions across face widths.
However, the mechanism of heat generation and cooling by the
lubricant in wide-faced, high-speed geared transmissions
remains one of the lesser understood phenomena related to gear
design. During the time period in which a tooth first crosses the
addendum cylinder and proceeds to fill up most of the volume
between the teeth, a fraction of the air and the lubricant in the
tooth space is expelled from the gear.
The time duration of a mesh period in turbo-machinery is
extremely short, and the air-lubricant mixture can be significantly compressed and heated. Rosen (Ref. 1) computed the
velocity of the air flow in spur gears using an incompressible
flow theory and found that the air velocity approaches sonic
conditions for a particular gear set, and this corresponded to an
experimentally observed rise in noise. Smith (Ref. 2) notes that
noise can be generated when oil is trapped in the roots of widefaced gears, and the acoustic measurements of Houjoh and
Umezawa (Ref. 1) led to the conclusion that the pulsating flow
from the gear pumping action can be a significant noise source.
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The thermal issues associated with fluid being expelled
between the teeth are discussed in the classic handbooks of
Buckingham (Ref. 4) and Dudley (Ref. 5). Pechersky and
Wittbrodt (Ref. 6) have presented incompressible and compressible fluid flow analyses between meshing spur gear teeth,
and they found substantial pressure and temperature rises.
Butsch (Ref. 7) developed a compressible flow model for spur
gears and showed that sonic conditions can lead to compression
and heat generation in the air-lubricant mist. In a series of
papers, Matsumoto et al. (Ref. 8–9) have analyzed thermal
behavior of high-speed helical gears and obtained uneven temperature distributions along tooth faces in accordance with their
experimental findings.
The objective of this article is to present a simplified hydrodynamic analysis of the pumping action resulting from the
meshing of wide-faced helical gears. Compressible flows are
considered, and the fluid velocity, pressure and temperature
along the face width are estimated. The calculations require a
detailed analysis of involute and helical geometries in order to
determine the proper mesh region volumes and exit flow areas.
The agreement between the measured temperatures on two different gear sets and the predicted figures is reasonable and
proves the interest of the proposed method at the design stage.
Hydrodynamic Model
The equations for the fluid velocity, pressure and temperature are derived by applying the continuity equation for a perfect gas to a time-varying control volume. Considering an isentropic transformation, one gets:
dρ
dp
–––––––– = γ ––––––
p
ρ

(1)

where p is the pressure, ρ the fluid density and γ the isentropic
~ 1.4).
coefficient (=
The control volume V, i.e., the inter-tooth volume, varies
during rotation. It is bounded by the flanks of two adjacent pinion teeth, their bottomland and the surface of the meshing gear
tooth (Figure 1). One-dimensional flow is assumed (Ref. 6) and
the integral form of the continuity equation applied to the control volume V reads:
∂
––––
∂t

ρdV +ρv.ndS = 0
(V)

(2)

(S)

with v as fluid velocity with respect to the exit surface S and n
as unit vector to S.
Assimilating a helical gear to a series of staggered spur
gears, the hydrodynamic model for the pumping effect between
the teeth is made of a succession of discrete fluid pockets, each
with constant state variables (Figure 2). If one elemental spur
gear (or one pocket) is isolated, the air-lubricant mixture is
ejected through the time-varying inter-tooth clearances Lli, L2i
and across the axial discharge front and rear surfaces perpendicular to the apparent plane. Three different cases have to be
distinguished: i) the first pocket in the direction of the meshing

progress (pocket 1) which is connected to the ambient at one
side and to pocket 2 at the other side, ii) any generic pocket i
linked to pockets i–1 and i+1, and iii) the extreme one (pocket
N) in connection with pocket N–1 and the ambient.
For any pocket i, Equation (2) is discretized as:
dρi
dVi
ρi ––––
+Vi –––– + αρi–l SAi–1UAi–1 + δρi+1 SAi+1 UAi+1 + (SRi1 + SRi2)URi = 0 (3)
dt
dt
1

which, after multiplying by –––
ρiVi and introducing (1) is finally
rewritten as:
dVi

1

dP

1

1

( )
Pe

i
––––
––––
––––
+ ––––
––––
P
dt + ––––
dt
V
γP
V
i

i

i

i

[αρi–1 SAi–1 UAi–1 + δρi+1 SAi+1UAi+1 + (SRi1 + SRi2 )URi ] = 0

with:
Pi :
Pe :
SAi–1, SAi+1 :
SRi :
UAi–1 , UAi+1 :
URi :
Vi :

(4)

pressure in pocket i
ambient pressure
axial discharge areas
radial discharge area
axial speeds
radial speed
instantaneous volume of pocket i
SAi –1

SRi

SAi

SR1

SAi

SA1

Volume of
compression

Fluid flow
pocket i

pocket i–1

1st pocket

Figure 2—Discrete hydrodynamic model for helical gears.

Table 1—Gear data
(Example for the calculation of radial clearance and axial exit area).
Tooth number
Module (mm)
Pressure angle (°)
Helix angle (°)
Profile shift coefficient
Addendum coefficient
Dedendum coefficient

47

103
6.8
22.5
0

0.291
1
1.475

0.322
1
1.474
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Total radial discharge length

18.000
16.000
14.000
12.000
10.000
8.000
6.000
4.000
2.000
0.000

( )

( )

( )

δ = 1 if i = N
0

0.2

SAi (mm2)

0.4
0.6
0.8
Normalized time

1.0

Connections between the different volumes are ensured by
writing the conservation of mass flow at all interfaces between
any pair of pockets. Equation (4) is a non-linear differential
1 dVi
equation of major unknown Pi, pressure in pocket i. ––
as
Vi –––
dt
well as the exit surfaces SAi–1, SAi+1, SRi depend on the relative
position of the meshing gears and pinion teeth and have to be
evaluated step-by-step in time. The involute profiles of the teeth
of the pinion and the gear at one arbitrary initial position are discretized. The axial discharge area SAi is obtained by numerical
integration, and clearances L1i, L2i are set to be the minimum
distance between the tip corners of gear teeth and the pinion
profiles (Figure 1). The volume Vi and the flow areas associated with an elemental spur gear (or pocket) of width b are
deduced by:

1.2

Axial discharge area

600
500
400
300
200
100
0
0

–1

Pe γ
α = 0 if i = 1, α = – ––––
if i ≠ 1
Pi
–1
Pe –1γ
Pe
γ
δ = 1 + ––––
if i = 1, δ = ––––
if i ≠ 1 and N,
Pi
Pi

0.2

0.4
0.6
0.8
Normalized time

1.0

1.2

Vi = SAib

(5-1)

SRi1 = L1ib SRi2 = L2ib
Figure 3—Evolution of radial clearances and axial exit area.

(5-2)

The profile coordinates are recalculated after rotating the pinion of an angle ∆θp = Ω1 ∆t and the gear of the corresponding
angle ∆θg = Ω2 ∆t. The volume, the exit areas and the volume
time-variation for all pockets are then determined by using (5Vi (t + ∆t) – Vi(t)
dVi
1), (5-2) and ––––––
and ––––––––––––––
. For one elemental
∆t
dt
spur gear, Figure 3 represents the evolution of the total intertooth clearance L1i + L2i along with the volume Vi over one complete pumping stroke (the gear data are in Table 1).
Temperature, fluid density and mass flows are derived from
the following equations for perfect gases:

Ρ(t – ∆t)
T(t) = T(t – ∆t) –––––––––
P(t)

[
[

Thermocouples

]

P(t – ∆t)
ρ(t) = ρ(t – ∆t) ––––––––––
P(t)

1–γ
γ

]

1
γ

(6-1)

(6-2)

Figure 4—High speed test rig.

Q(t) = ρ(t)U(t)S(t)

Table 2—Gear Data (Case 1).
Tooth number
Module (mm)
Pressure angle (°)
Helix angle (°)
Profile shift coefficient
Addendum coefficient
Dedendum coefficient

52

47

117
7
20
12.75

0.16
0.9919
1.47921

0.05
0.9925
1.47885

(6-3)

The mass flow Q(t) through any surface S(t) has to be compared with the maximum value, which can be expelled, i.e., the
mass flow for sonic (critical) conditions (Ref. 7).

( ) 

1
2
Qmax(t) = –––– ––––
r γ+1

1
––––
γ−1

P(t)
2γr
––––– ––––– S(t)
γ + 1 
T(t)
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∆Temperature (˚)
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Figure 5—Temperature variations versus axial position—Case 1.
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Figure 6—Temperature variations versus axial position—Case 2.

with r = R/M as fluid constant, R as molar constant (8.3144
J.mole–1 K–1) and M as molar mass.
If the calculated output flow exceeds the critical value
Qmax (t), the fluid between the teeth is compressed and its state
variables are re-evaluated iteratively by using a NewtonRaphson technique until the continuity equation and the critical
mass flow condition are simultaneously satisfied.
Experiments on High-Speed Gear Sets
The test-rig is an open-loop, single-stage reduction system
(Figure 4). The gears are lubricated by jets, and shafts are
mounted on hydrodynamic bearings. Power is supplied by a
1500 kW electric motor, which operates the test stand through a
speed multiplier from 0 rpm to a maximum speed of 26,000 rpm
on the input shaft. In what follows, all tests were conducted in
no-load conditions. Two gear sets were tested (data is given in
Tables 2 and 3) at high-speed, respectively 9,267 rpm (Case 1)
and 8,962 rpm (Case 2) on the pinion shaft.
It can be shown that, for high-speeds, the temperature distribution in the gear teeth does not depend on the angular coordinate. Since longitudinal tooth modifications are the major concern of the present work, only axial temperature distributions
have been measured. Temperatures were sensed by several thermocouples along the face width as shown in Figure 4. The thermocouple heads were located at a distance of approximately 1
mm from the tooth topland. In such conditions, the absolute temperatures within the air-lubricant mixture or at the tooth surface
cannot be obtained, but it is believed that realistic relative variations can be derived. Figures 5 and 6 show the experimental temperatures versus axial positions and the corresponding numerical
results. The pumping of the fluid between the teeth leads to over-
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Table 3—Gear Data (Case 2).
Tooth number
Module (mm)
Pressure angle (°)
Helix angle (°)
Profile shift coefficient
Addendum coefficient
Dedendum coefficient

52

79
6.8
22.5
10

0.198
0.9891
1.47469

0.21
0.9894
1.47507

heating of the gear side close to the trailing edge, which, in Case
2, probably distorts mating teeth and imposes longitudinal shape
modifications. It is also shown that a groove at mid-face width
interrupts the compression process and reduces heat generation
along the face width. For the two examples, a reasonable agreement is observed on the relative temperature distributions, and it
is proven that the proposed simplified approach brings useful
qualitative indications in terms of the system sensitivity to the
compression-heating mechanism.
Conclusion
A one-dimensional approximation of the air-lubricant flow
caused by the meshing of high-speed, wide-faced helical gears
is presented. The results show that fluid velocity can reach high
rates and, in certain cases, sonic conditions can be obtained. The
air-lubricant flow is therefore compressed and heated along the
axial direction. The theoretical predictions have been compared
with the experimental evidence from two turbo-gear sets. It is
found that the simulated relative temperature variations across
tooth faces agree reasonably well with the measured data. In the
context of tooth lead modifications, the proposed model can
bring useful indications on modification design and on the
influence of changing geometrical gear parameters. However,
the model discussed in this paper is based on several important
approximations, the most important being the assumption of
one-dimensional flow through discrete elements. Further
research is under way in order to relax these approximations
and consider continuous flows between moving boundaries. r
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Comparison of Rating Trends
in AGMA Versus ISO
Octave A. LaBath and Dennis Richter

Summary
As the international business community grows closer together, the
need for understanding differences between national and international
gear rating standards becomes increasingly important for U.S. gear
manufacturers competing in the world market.
In the international gear business, the ISO 6336 rating standard is
gaining more acceptance across many industries and markets. This is
important to U.S. gear manufacturers as it can affect not only the ratings
on existing designs that form the basis for a company’s standard line of
units, but can also dictate the basic design philosophy of sizing a new
gear design.
Using an AGMA-developed software package to compare the ratings for gears by the ISO and AGMA methods shows how the AGMA and
ISO standards differ as various parameters are changed.
The gear parameters studied include profile shift/addendum modification coefficient changes, helix angle changes and pressure angle
changes. Since this comparison is for rating trends instead of actual ratings, they were normalized for each rating method. The article indicates
how each rating standard could alter the design for the same gearbox.

This article is condensed
from AGMA Paper
02FTM10, which was presented at the AGMA Fall
Technical Meeting in St.
Louis on October 22, 2002.
Copies of the original paper
are available from the
American Gear Manufacturers Association, 500
Montgomery Street, Suite
350, Alexandria, VA 22314.
Visit www.agma.org.
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Cincinnati Gear Co. until
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of AGMA’s epicyclic
enclosed drives committee.
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Many people have made comparisons of the
differences in ratings between AGMA rating methods and ISO rating methods.
In 1977, G. Castellani (Ref. 1) was the first to
point out that there was a difference in the rating
trend on spur gears when you change from standard gears to those with a profile shift.
In an ASME paper (Ref. 2) presented in 1980
by Imwalle, LaBath, and Hutchenson, the comparisons of AGMA and ISO ratings for 54 different
gear sets were studied. In some cases, large differences were calculated.
In an AGMA paper (Ref. 3) presented in 1981,
LaBath compared the change in calculated stresses
for three sample gear sets as a function of the profile
shift and one sample as a function of the helix angle.
The above study on the difference in trends for
corrected gears and different helix angles was
included in another AGMA paper (Ref. 4) also presented in 1981, by Imwalle and LaBath along with
a study on 156 gear sets.
In the latter two papers, Imwalle and LaBath

showed that, with a positive profile shift, the
strength rating increases in AGMA and ISO, but
with different magnitudes. With a negative profile
shift, the AGMA strength rating decreases and,
depending on the gear geometry, the ISO strength
rating can go down or sometimes remain almost
constant. The durability ratings also had different
trends for AGMA and ISO.
The comparisons in the three papers by
Imwalle, LaBath, and Hutchenson were based on
computer programs written at The Cincinnati Gear
Co. for the then-current AGMA rating standards
and the draft ISO standards. They were based on
the interpretation of the various standards by the
engineers at Cincinnati Gear.
In a 1989 AGMA paper (Ref. 5), Dr. Hosel also
reported that the rating trends were different for
AGMA and DIN (ISO) with respect to the effect of
profile shift on the ratings.
In a 2002 paper prepared for NREL (Ref. 6),
Robert Errichello compared the different rating
trends for AGMA and ISO. The durability rating
trend for AGMA and ISO with respect to profile
shift was almost the same for a spur gear sample.
The strength rating trend was significantly different
for the spur gear example. Errichello showed that
the trends for both the strength rating and the durability rating were different for a helical gear example. He also showed that there was a difference in
trends from AGMA and ISO for variations in the
pressure angle.
The comparisons made by Errichello were
based on calculations made for AGMA by his
Geartech AGMA 218 program package and for ISO
by the ISO 6336 Gear Rating Program copyrighted
by AGMA in 1997.
Calculation Method
The comparisons made in this paper will be
based on calculations formulated from the AGMA
copyrighted ISO 6336 program and the newly
developed AGMA program for calculations per
ANSI/AGMA 2001. These two programs are being
released as “Gear Rating Suite by AGMA.” Using
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these two programs to do the rating comparisons,
the results are independent of any one individual’s
opinion or interpretation of either standard.
By using these programs, the input data for the
gear geometry is the same for both the AGMA and
the ISO ratings. This allows for a consistent trend
analysis by only changing one gear geometry parameter while holding all of the other items constant within the program.
The focus of this paper is to show the trends of
the two rating systems by varying specific geometry parameters one at a time. This paper is not trying to establish a “rating constant” between the
two rating standards and should not be used as
such.
Examples similar to the three from the 1981
AGMA papers will be re-examined to determine
the rating trends with respect to changes in the profile shift. An example similar to Reference 4 will
also be re-examined to determine the rating trends
with respect to changes in the helix angle. Two
examples will be added to investigate the differences in rating trends with respect to pressure
angle for a spur gear set and a helical gear set.
We will rate the gears as carburized and hardened gearing ground to AGMA Class Q11. This is
approximately ISO Class 6. We will use the upper
life factor curves and rate the gearing for a life of
10,000 hours. The pinion speed will be set at 1,750
rpm. An input power of 250 hp (186.3 kW) is
being used and the programs can calculate the factors of safety.
In each example, the first calculated factor of
safety becomes the reference factor of safety. The
other calculated factors of safety are then divided by
the reference factor of safety to get the factor of
safety trend value. In the tables, we are calling the
factor of safety trend “FST.” This is repeated for
each rating item: pinion bending, gear bending, pinion durability, and gear durability. FST is calculated
independently for AGMA and ISO. The factor of
safety trend value is then plotted versus the factor
being varied for each example.
Running the Rating Program
The tooling was specified as not having protuberance. The tooling tip was specified to be a full
root radius or as large as the geometry would
allow. No grind stock was specified. The surface
finish was specified as 32 RMS for both the flank
and the root fillet.
The leads were specified as having an ideal
crown/correction with favorable tooth alignment.
The gears were specified as commercial. The gear
was specified as being a solid blank design. The

bearing span was specified as being twice the face
width. The gearing was centered in the bearing
span. The ISO load distribution factor, KHbe, was
calculated per method C1.
The AGMA gear quality was specified as 11.
The ISO quality was specified as Class 8 for the
pinion and Class 7 for the gear. The ISO dynamic
factor was specified per method B. The reliability
was specified as 99%. The stresses were for industrial application, the upper curve. A 1.0 application
factor was used.
In AGMA, the strength ratings were calculated
for the load applied at the HPSTC for the spur gear
meshes.

Dennis Richter
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of gearboxes in the marine,
mining, power generation,
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Cincinnati Gear Co. He is
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enclosed drives committee
and the computer programming committee.
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Factor of
Safety Trend

Factor of
Safety Trend

Factor of
Safety Trend

Factor of
Safety Trend

For ISO, a viscosity of 220 was specified.
Again, the absolute ratings are not relevant to
this study. The ratings calculated are consistent
within the examples used, and the trend differences
are real.
Example #1—Spur Gearing With Varying
Profile Shift Coefficients
This example is a spur gear set operating on the
standard center distance. The gear geometry is as
follows:

58

21 teeth on the pinion
84 teeth on the gear
5 module (5.08 normal diametral pitch)
20° pressure angle
100 mm (3.939") face width
Standard hob proportions are being used
Center Distance = 262.5 mm (10.3346")
For this example, we will rate the gear set as a
standard gear set and then rate it for increasing
profile shifts or addendum modification coefficients on the pinion. The profile shift coefficient is
as it is defined in the MAAG Handbook (Ref. 7).
Since the center distance is being maintained at
the standard center distance, the rack shift coefficient for the gear has the same value as the rack
shift coefficient for the pinion, but is positive on
the pinion and negative on the gear.
The factors of safety have been normalized
around the factors of safety for standard gearing
and are plotted in Figures 1-1, 1-2, 1-3 and 1-4.
As you can see, for this spur gear, both AGMA and
ISO give an increased factor of safety for bending
stress on the pinion when the addendum modification coefficient is increased. This is what would be
expected since the tooth thickness increases as the
addendum coefficient is increased. As the value of
the positive addendum modification is increased,
AGMA gives more of an increase in the factor of
safety than does ISO.
In Figure 1–2, the addendum modification
coefficient is negative. On this spur gear, AGMA
gives a reduction in the factor of safety for bending when there is a negative addendum modification coefficient. As the value of the negative addendum modification coefficient is increased, AGMA
gives a corresponding higher reduction in the factors of safety. This is what would be expected since
the tooth thickness is reduced as the amount of the
negative addendum modification is increased.
In ISO, for this spur gear, the factors of safety
for bending are almost independent of the increasing negative addendum modification coefficient
and the decreasing tooth thickness.
It is the goal of this paper to present the differences in the trends, not to explain the differences.
When there is a positive addendum modification coefficient, both AGMA and ISO calculate a
higher factor of safety for durability on this spur
pinion. As the value of the positive addendum
coefficient is increased, the calculated factor of
safety increases for both AGMA and ISO. With an
almost extreme value of positive addendum modification coefficient, x = 0.75, AGMA gives a
slightly higher increase than ISO.
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Even though there is a negative addendum
modification on the gear, both AGMA and ISO
give an increase in the factors of safety for durability on this spur gear. The factor of safety is
increasing with the growing value of negative
addendum modification coefficient. The increases
in the factors of safety are higher in AGMA than
they are in ISO.
Example #2—Helical Gearing with Varying
Rack Shift Coefficients
This example is a helical gear set operating on
the standard center distance. The gear geometry is
the same as that used in Example #1. The only difference is the helix angle. Due to the helix angle,
the standard center distance is a little larger than
that used with the spur gearing in Example #1.
Center Distance = 271.76 mm (10.6992").
Again, we will rate the gear set as a standard
model and then for increasing profile shift coefficients on the pinion and decreasing negative profile shifts on the gear.
The factors of safety have been normalized
around the factors of safety for standard gearing
and are plotted in Figures 2-1, 2-2, 2-3 and 2-4.
For this helical pinion, both AGMA and ISO
give an increased factor of safety for bending
stress on the pinion when the addendum modification coefficient is increased. Similar to the spur
pinion example, as the value of the positive addendum modification is increased, AGMA gives more
of an increase in the factor of safety than ISO.
On the gear, the addendum modification coefficient is negative. On this helical gear, both AGMA
and ISO give a reduction in the factor of safety for
bending when there is a negative addendum modification coefficient. As the value of the negative
addendum modification coefficient is increased,
both AGMA and ISO give a corresponding higher
reduction in the factors of safety. The reduction in
the factors of safety for bending by ISO is less than
that from AGMA.
When there is a positive addendum modification coefficient on the pinion, AGMA calculates a
higher factor of safety for durability on this helical
pinion. As the value of the positive addendum
coefficient is increased, the factor of safety calculated increases for AGMA. Here, ISO is calculating a reduction in the factor of safety for durability on this helical pinion. As the addendum modification coefficient is increased, the ISO calculated
factor of safety actually reduces. Even for x = 0.75,
the differences in the factors of safety are less than
5% for both rating systems compared to a standard
pinion.
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Similar to the spur gear example, even though
there is a negative addendum modification on the
gear, AGMA gives an increase in the factors of
safety for durability on this helical gear. The factor
of safety is increasing as is the increasing value of
the negative addendum modification coefficient. In
ISO, there is a decrease in the factor of safety for
this helical gear when there is a negative addendum
modification coefficient. As the value of the negative addendum coefficient is increased, there is a
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corresponding decrease in the factor of safety.
Again, the differences are less than 5% compared
to a standard gear.
Example #3—Spur Gearing With Varying
Pressure Angle
This example is a spur gear set. The gear set is
a standard gear set. With the exception of the pressure angle, everything else is the same as in
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Example #1 when the profile shift coefficient was 0.
Here, we will rate the gear set using pressure
angles that vary from 15–25°. All other gear geometry is being kept constant.
It is interesting to note that we were able to run
both rating programs for the 15° and 17.5° pressure angles even though a simple calculation indicates that the 21-tooth pinion will have undercut
for these two conditions. The AGMA rating program does print out a warning that the pinion may
have undercut for both of these pressure angles.
The bending ratings below 20° pressure angles are
probably not correct. For this reason, we are making the 20° pressure angle rating the reference rating in bending.
For durability, the 15° pressure angle rating is
the reference rating.
The factors of safety have been normalized and
are plotted in Figures 3-1, 3-2, 3-3 and 3-4.
The trends of the factors of safety in bending
with respect to pressure angle are very close to
being the same for AGMA and ISO on this spur
pinion and the spur gear. AGMA does give a
slightly higher factor of safety than ISO as the
pressure angle is increased above 20°.
The trends of the factors of safety in durability
with respect to pressure angle are the same for
AGMA and ISO on this spur pinion. The increase
in factor of safety is slightly higher in ISO than in
AGMA.
The trends of the factors of safety in durability
with respect to pressure angle are in the same
direction for AGMA and ISO on this spur gear.
The increase in factor of safety is significantly
more in ISO than in AGMA.
Example #4—Helical Gearing With Varying
Pressure Angle
This example is a helical gear set. The gear
set is a standard gear set. With the exception of
the pressure angle, everything else is the same
as that in Example #2 when the profile shift
coefficient was 0.
Again, we will rate the gear set using pressures
angles that vary from 15–25°. All other gear geometry is being kept constant.
As in the spur gear example, we were able to
run both rating programs for the 15° and 17.5°
pressure angles, even though a simple calculation
indicates that the 21-tooth pinion will have undercut for these two conditions. The AGMA rating
program did print out a warning that the pinion
may have undercut for 15°. Again, the bending ratings below 20° pressure angles are probably not
correct. Here, we are again making the 20° pres-
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sure angle rating the reference rating for bending.
For durability, the 15° pressure angle rating is
the reference rating.
The factors of safety have been normalized and
are plotted in Figures 4-1, 4-2, 4-3, and 4-4.
With an increase in the pressure angle, AGMA
gives an increase in the factors of safety for bending on this helical pinion while ISO gives a
decrease in the factors of safety for bending on
this helical pinion.
In addition, with an increase in the pressure
angle, AGMA gives an increase in the factors of
safety for bending on this helical gear while ISO
actually gives a reduction in the factors of safety.
For both the pinion and the gear in this helical
gear set, as the pressure angle is increased, both
AGMA and ISO give an increase in the factors of
safety for durability. The increase in ISO is greater
than the increase in AGMA.
Example #5—Helical Gearing With Varying
Helix Angles
This example is a helical gear set. The numbers
of teeth, module/pitch, pressure angle, and face
width are the same as in Example #2. The only difference is that the helix angle will be varied from
a spur gear (0° helix angle) to a helix angle of 30°.
Due to the helix angle variation, the standard center distance for each gear set will be different.
We will rate the gearing for each of the different helix angles and the corresponding standard
center distance. All other gear geometry is kept
constant.
Below 9.0°, the helical gear sets have a helical overlap or face contact ratio less than 1.0. At
9.5° or higher the face contact ratio is greater than
1.05.
Note that as the helix angle increases, the standard center distance increases. At the higher helix
angles, the center distance increases become more
significant. From 0–5°, the center distance
changes only 0.28%. From 25–30°, the center distance changes 4.65%.
The factors of safety have been normalized
and have been plotted in Figures 5-1, 5-2, 5-3,
and 5-4.
AGMA has two curves for the factor of safety
with respect to the helix angle. Below the value
where the helix angle is large enough to have a
helical overlap or face contact ratio greater than
1.0, AGMA calculates a progressively higher factor of safety for bending as the helix angle is
increased on both the pinion and the gear in this
helical gear set. ISO also has two curves, but the
distinction is very small. In ISO, the factors of

Factor of
Safety Trend

Page 61

Factor of
Safety Trend

1:53 PM

Factor of
Safety Trend

4/22/04

Factor of
Safety Trend

La Bath

safety for both the pinion and the gear are lower
for a helical gear than for a spur gear until the
helix angle reaches 15° on this sample gear set. In
AGMA, the factors of safety for bending on
both the pinion and the gear in this gear set are
lower between the value for the helix angle that
has a helical overlap greater than 1.0 and a
helix angle of 15°.
Similar to the bending study, AGMA has two
curves for the factor of safety with respect to the
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helix angle for durability. Below the value where
the helix angle is large enough to have a helical
overlap or face contact ratio greater than 1.0,
AGMA calculates a progressively higher factor of
safety for durability as the helix angle is increased
on both the pinion and the gear in this helical gear
set. ISO also has two curves, but the distinction is
very small. In ISO, the factor of safety for both the
pinion and the gear is again lower for a helical gear
than for a spur gear until the helix angle reaches
about 5°, which is about half of the value where the
helical overlap ratio is greater than 1.0. In AGMA,
the factor of safety for durability on both the pinion and the gear in this set is lower between the
value for the helix angle that has a helical overlap
greater than 1.0 and a helix angle of 15°.
Because the center distance increases when the
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helix angle increases, the rating differences are
influenced by both the helix angle changes and the
increases in sizes for the gearing. For this reason,
a new example was developed where the center
distance was held constant when the helix angle
was changed. This required that the transverse
pitch/module be kept constant. This requires that
the normal pitch/module be changed when the
pressure angle changes.
Example #6—Helical Gearing With Varying
Helix Angles
This example is also a helical gear set. The
numbers of teeth, transverse module/pitch, pressure angle, center distance, and face width are the
same as in Example #2. The only difference is that
the helix angle will be varied from a spur gear (0°
helix angle) to a helix angle of 30°. To maintain
the same transverse pitch/module and center distance, the normal pitch/module will be changed as
required.
We will rate the gearing for each of the different helix angles and the corresponding normal
pitch/module. All other gear geometry is being
kept constant.
Again, below 9°, the helical gear sets have a
helical overlap or face contact ratio less than 1.0.
At 9.5° or higher, the face contact ratio is greater
than 1.05.
The factors of safety have been normalized
around the rating for a spur gear and have been
plotted in Figures 6-1, 6-2, 6-3 and 6-4.
In AGMA, for bending on this helical pinion,
as the helix angle varies from 0° to the helix angle
that has a helical overlap greater than 1.0, the factor of safety increased significantly. From the helix
angle where the helical overlap is greater than 1.0
to a helix angle of 25°,the AGMA factor of safety
is almost independent of the helix angle. Above
25°, the factor of safety goes down with an
increase in the helix angle. In ISO, the factor of
safety for a helical gear is less than that of a spur
gear until the helix angle is greater than 15°. In
ISO, the factor of safety increases with an increasing helix angle if you do not consider the spur gear
case.
For bending on this helical gear, as the helix
angle varies from 0° to the helix angle that has a
helical overlap greater than 1.0, the factor of safety increased significantly. From the helix angle
where the helical overlap is greater than 1.0 to a
helix angle of 25°, the AGMA factor of safety
tends to be reduced with an increase in the helix
angle. Above 25°, the factor of safety goes down
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at a steeper slope with an increase in the helix
angle. In ISO, the factor of safety for a helical gear
is less than that of a spur gear until the helix angle
is greater than 20°. In ISO, the factor of safety
increases with an increasing helix angle if you do
not consider the spur gear case. Above a 15° helix
angle, the ISO factor of safety increases as the
helix angle is increased and at a steeper slope.
In AGMA, for durability on this helical pinion,
as the helix angle increases from 0° to the helix
angle that has a helical overlap greater than 1.0,
the factor of safety increased significantly. Above
the helix angle where the helical overlap is greater
than 1.0 to a helix angle of 25°, the AGMA factor
of safety is almost independent of the helix angle.
Above 25°, the factor of safety goes down with an
increase in the helix angle. In ISO, the factor of
safety for a helical gear is less than that of a spur
gear at a low helix angle. The ISO factor of safety
increases with an increase in the helix angle. The
increase is greater until the helix angle reaches the
value where the helical overlap ratio is greater
than 1.0. The ISO factor of safety continues to
increase but at a lower slope above the point
where the helical overlap is greater than 1.0. Both
AGMA and ISO have two distinct curves, one
below where the value of the helix angle is such
that the helical overlap is greater than 1.0 and
another curve above that helix angle value.
For durability on this helical gear, as the helix
angle increases from 0° to the helix angle that has
a helical overlap greater than 1.0, the AGMA factor of safety increased significantly. Above the
helix angle where the helical overlap is greater
than 1.0 to a helix angle of 25°, the AGMA factor of safety is almost independent of the helix
angle. Above 25°, the AGMA factor of safety
goes down with an increase in the helix angle. In
ISO, the factor of safety for a helical gear is less
than that of a spur gear at a low helix angle. The
ISO factor of safety increases with an increase in
the helix angle with a greater increase until the
helix angle reaches the value where the helical
overlap ratio is greater than 1.0. From the point
where the helical overlap ratio is greater then 1.0
until 15°, the ISO factor of safety for durability
on the gear is almost independent of the helix
angle. Above 20°, the increase in factor of safety
is at a steeper slope.
Both AGMA and ISO have two distinct curves,
one below where the value of the helix angle is
such that the helical overlap is greater than 1.0 and
another curve above that helix angle value.

Conclusions
The purpose of this paper is to show the differences in the rating trends between the ISO and
AGMA rating standards by independently varying
specific gear parameters. The parameters chosen
are those that have the most significant effects on
ratings that consequently are quite often adjusted
by gear designers to achieve optimized designs. It
is beyond the scope and was not the intent of this
article to point out the specific reasons for the differences between each of these trends. However,
it is quite evident that the two standards differ for
many of the examples shown. These trends show
that there is a discrepancy between how the two
rating systems handle changes in profile shift
(tooth thickness), pressure angle, and helix angle.
Although this information should be of little
surprise to many who have worked often with
these two rating systems, hopefully this paper
reveals these differences to those who may only
be familiar with one of the two standards. It highlights the need for further investigation into why
these differences exist and to eventually resolve
them. r
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EXCITING NEWS
FROM THE INDUSTRY
NEW MANAGER AT PHILADELPHIA GEAR
Richard Chrzanowski was named as general manager of
Philadelphia Gear’s eastern regional service center to oversee
service from Maine to North Carolina.
According to the company’s press release, Chrzanowski
started with Philadelphia Gear in 1996 and was promoted to
director of customer and field service, where he was responsible for leading an internal effort to increase customer response
times in relation to quote development, contracts and pricing
and on-time delivery.
Prior to joining Philadelphia Gear, Chrzanowski worked in
various engineering positions at Crane Co.

NEW FACILITY FOR ROYAL PURPLE
Royal Purple has completed construction of a new production facility in Porter, TX.
According to the company’s press release, the 125,000
square-foot plant will allow Royal Purple to quadruple its production capacity.
New production hardware and software will allow the plant
to produce more than two million gallons of finished products
each month while operating only one shift.
Royal Purple is a manufacturer of lubricants.
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BOEING ORDERS ELDEC SYSTEM
The Boeing Co. ordered eldec Schwenk Induction GmbH’s
SDF gear hardening system.
According to the company press release, the simultaneous
dual frequency system is comprised of an MS SDF induction
generator and a 5-axis CNC-controlled universal hardening
machine for precise part handling/processing.
Additionally, it is equipped with an automatic laser inductor
alignment system as well as a process control/quality monitoring system.

T.M. COOK AWARDED SALES CONTRACT
FOR OHIO BROACH
Ohio Broach & Machine Co. appointed T.M. Cook Co. as
its sales representative for upstate New York and the surrounding areas.
Based in East Syracuse, T.M. Cook provides metal cutting
tools and machinery to manufacturing companies.
Ohio Broach designs and manufactures broaching tools and
machines.

NEW PRESIDENT AT PRECISION GEAR
M. Briggs Forelli was named president of Precision Gear Inc.
He has worked in various positions within the company’s
operations, marketing and finance departments over the course
of the past 16 years.
The previous president, Matthew S. Forelli, will continue to
serve as chairman of the board.

WALL COLMONOY RECEIVES NADCAP AND ISO
ACCREDITATION
Wall Colmonoy Corp. announced the re-accreditation of its
materials testing lab to NADCAP and its recently awarded
accreditation to ISO/IEC 17025.
The scope of the accreditation includes testing of the atomic
emission spectroscopy.
Wall Colmonoy Corp. of Madison Heights, MI, manufactures
nickel-base hard surfacing alloys and brazing filler metals.
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Brian Locktiski

Brian Locktiski was hired as district sales
manager for the Inductotherm Group, which
represents Radyne Corp.’s induction systems
for forging, heat treating, and brazing in
Michigan, Ohio and Pennsylvania.
According to Radyne’s press release,
Locktiski’s induction heating experience
extends more than 10 years.

CST BUYS ASSETS OF CINCINNATI GEAR
CST-Cincinnati purchased 100% of the technical and select
machinery assets of Cincinnati Gear Co., which was recently
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liquidated.
CST-Cincinnati manufactures lightweight, high-power-density marine transmissions for primary and boost turbines.
According to the company’s press release, they can accommodate custom to high volume gearing from 1–150".

NEW MACHINE TOOL REPRESENTATION FROM BOHLE:
BURKHARDT+WEBER
Bohle Machine Tools was named the sole North American
representative for Burkhardt+Weber’s (b+w) machines.
Headquartered in Plymouth, MI, b+w builds high precision
machining centers and flexible manufacturing systems. Designed
for flexible or complete production applications, these systems
are applicable for aerospace applications, injection molds, automotive components and pumps and compressors.

NEW VICE PRESIDENT AT FAIRFIELD MANUFACTURING
Dan Phebus was appointed vice president of quality and
process improvement at Fairfield Manufacturing Co. of
Lafayette, IN.
Phebus comes to Fairfield from Carraro North America,
where he was vice president of sales. According to Fairfield’s
press release, he has worked in the power transmission and specialized components industries for the past 20 years.
Fairfield Manufacturing designs and manufactures custom
gears and gear sets, power transmission assemblies and planetary drives.

HUDAPACK ACQUIRES MIDLAND METAL TREATING
Hudapack Metal Treating has expanded its Wisconsin
capacity by acquiring the assets of Midland Metal Treating Inc.
of Franklin, WI. The new facility will be called Hudapack
Franklin, and it adds substantial aluminum heat treating capability, along with scanning induction hardening and atmosphere
processing.
The additional capacity includes 40 heat treating units in a
40,000 square-foot facility.
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NEW MANAGER AT GENERAL MOTORS
BALTIMORE TRANSMISSION PLANT
William A. Kulhanek has been named plant manager for the
General Motors Baltimore transmission manufacturing operations.
Kulhanek replaces Rick McKinnon, who retired in February.
Kulhanek was previously assistant plant manager at GM’s
Parma, OH, metal fabricating plant.
He began working for GM in 1981 and has held a number of
supervisory and leadership positions.
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PRODUCT NEWS

Products for the Gear Industry
For more information, contact StarSU of Hoffman Estates, IL, by telephone at (847) 649-1450 or on the
Internet at www.star-su.com.

RACK AND PINION DRIVE
SYSTEM FROM ANDANTEX
The preloaded rack and pinion system from Andantex is engineered for
axis drive applications requiring high
accuracy positioning.
According to the company’s press
release, the systems can eliminate backlash between the rack and pinion by
using two pinions. One drives the axis
while the other preloads the axis to
eliminate backlash.
The company offers two types of preloaded rack and pinion drive systems.
One version is mechanically preloaded,
and the other is electrically produced.
For more information, contact
Andantex of Wanamassa, NJ, by telephone at (800) 713-6170 or by e-mail at
info@andantex.com.

NEW HOB CUTTER FROM STAR-SU
Star-SU developed a new hob design
tool (patent pending) for hobbing precise, uniform chamfers on the end faces
of gear teeth.
According to the company’s press
release, this cutter can place a precise,
uniform edge chamfer from the outside
diameter, down the flank of the gear
tooth into the root radius and up the
adjacent tooth flank.
Incorporated into the normal tooth
hobbing operation, the cutter takes less
than a minute. The chamfering hob is
mounted on the same spindle as the
tooth-cutting hob and shifts into the
chamfering position when the tooth cutting is completed.
Available only from Star-SU, the
hob is not sold but licensed on a renewable annual basis.
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NEW COMPARATOR FROM
BROWN & SHARPE
The Tesascope optical comparator is
designed to measure gears as well as
other complex round parts.
According to the company’s press
release, the system includes horizontal
or vertical fiber optic surface illumination, profile illumination with green filters, a hard anodized and stabilized
stage with high resolution linear glass
scales, quick change bayonet lenses and
automatic lamp shutoff.
Measurement routines with 0.001"
resolution, independent zero reset (X/Y),
absolute and incremental measurement,
X/Y linear compensation, illumination
control, RS232 output, radius calculations using three to 10 entered points,
distance calculation from last datum
radius or diameter and auto entry function are included.
For more information, contact Brown
& Sharpe of North Kingstown, RI, by
telephone at (800) 766-4673 or on the
Internet at brownandsharpe.com.

NEW CARBIDE TAPS FROM
LMT-FETTE
The HPF carbide insertable forming
taps from LMT-Fette feature a replaceable carbide insert on a steel body.
According to the company’s press
release, the insert allows for cutting
speeds two to three times faster than
that of an HSS form tap.
Featuring a hardened steel shank
designed with four drive tangs that handle the torque in a tapping operation,
each shank is made to DIN specifications for added reach capability.
For more information, contact LMTFette of Cleveland, OH, by telephone at

(800) 225-0852 or on the Internet at
www.lmtfette.com.

NEW SOFTWARE FROM UTS
TK Solver 5.0 from UTS Inc. is a
rule-based system that sets up and
solves problems on a simple syntax.
According to the company’s press
release, the system operates on a programmable interface and combines an
object-based structure, simple syntax,
unit management and handling of lists
and tables.
The enhanced feature set includes a
solution optimizer, solution tracer,
Instant MathLook for viewing formulas,
plot annotation and report tools.
For more information, contact UTS
Inc. of Rockford, IL, by telephone at
(800) 435-7887 or on the Internet at
www.uts.com.

NEW VERTICAL SPLINE ROLLER
FROM ANDERSON COOK
The Maran 340V from Anderson Cook
can roll splines, threads, oil grooves, snap
ring grooves, burnishing, speedometer
grooves and high helical parts.
Designed for the cold forming industry, the product is an alternative to horizontal rolling. According to the company’s press release, the electric servometer does not require any hydraulics.
Additional features include four
symmetric pre-loaded tie bars, independent axis movement, a menu-driven
control system, electronic rack synchronization and metric based design.
For more information, contact
Anderson-Cook Inc. of Fraser, MI, by
telephone at (586) 293-0800 or on the
Internet at www.andersoncook.com. r
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www.geartechnology.com/rrr.htm
Rapid Reader Response: It’s FAST! It’s EASY! It’s ONLY ONLINE!
Advertiser

Page

Phone

Allen Adams Shaper Services Inc.

69

(802) 259-2937

American Metal Treating Co.

68

(216) 431-4492

bruce@americanmetaltreating.com

www.americanmetaltreating.com

Arrow Gear Co.

4

(630) 969-7640

bevels@arrowgear.com

www.arrowgear.com

Atlas Gear Co.

70

(248) 583-3000

bob@atlasg.com

www.atlasgear.com

A/W Systems Co.

55

(248) 544-3852

Barit International Corp.

4

(847) 272-8128

sales@barit.com

www.barit.com

Bently Pressurized Bearing Co.

65

(775) 783-4600

sales@bpb-co.com

www.bpb-co.com

69, BC

(815) 965-4013

bournkoch@worldnet.att.net

www.bourn-koch.com

C-B Gear & Machine Inc.

70

(281) 449-0777

Comtorgage Corp.

26

(401) 765-0900

Cotta Transmission Co. LLC

70

(608) 368-5600

sales@cotta.com

www.cotta.com

De.Ci.Ma SpA

65

(39)(051) 611-7889

info@decimaspa.it

www.decimaspa.it

Bourn & Koch Inc.

Eldec Induction USA Inc.

68

(248) 364-4750

Forest City Gear

29

(815) 623-2168

E-mail

Internet

adams@vermontel.net

www.cbgear.com
www.comtorgage.com

mail@eldec-usa.com

www.eldec.de
www.fcgear.com

The Gear Industry Home Page

71

(847) 437-6604

people@geartechnology.com

www.geartechnology.com

Gear Motions Inc.

68

(315) 488-0100

ronwri@nixongear.com

www.gearmotions.com
www.thegearworks.com

The Gear Works–Seattle Inc.
Gleason Corp.
Gleason Cutting Tools Corp.

70

(206) 762-3333

sales@thegearworks.com

IFC, 64, 68, 69, 71

(585) 473-1000

dmelton@gleason.com

www.gleason.com

1, 68, 69

(815) 877-8900

dmelton@gleason.com

www.gleason.com

sales@hmcgears.com

www.hmcgears.com

Greg Allen/Index Technologies

21

(440) 895-4627

HMC Inc.

70

(812) 385-3639

www.gallenco.com

Hobbing.com

71

(703) 847-3854

info@hobbing.com

www.hobbing.com

Insco Corp.

21

(978) 448-6368

sales@inscocorp.com

www.inscocorp.com

Interstate Tool Corp.

69

(216) 671-1077

ITW Heartland

33

(320) 762-8782

itwgears@rea-alp.com

www.itwgears.com

JRM International Inc.

www.interstatetoolcor.com

27

(815) 282-9330

jrmsales@jrminternational.com

www.jrminternational.com

3, 25

(303) 4147-1130

info@kapp-usa.com

www.kapp-usa.com

KISSsoft AG

53

(41)(55) 264-2030

Koro Sharpening Service

69

(763) 425-5247

LeCount Inc.

37

(800) 642-6713

sales@lecount.com

www.lecount.com

Liebherr Gear Technology Co.

5

(734) 429-7225

info@lgt.liebherr.com

www.liebherr.com

LMT-Fette Inc.

22

Metalcastello SpA

53

(39) 0534-205-11

mG miniGears North America

49

(757) 627-4554

Kapp Technologies

info@kisssoft.ch

www.kisssoft.ch

steve@koroind.com

www.koroind.com

(800) 225-0852, (216) 377-6130 lmtfette@lmtfette.com

www.lmtfette.com

export@metalcastello.com

www.metalcastello.com

mg_usa@minigears.com

www.minigears.com

Midwest Gear & Tool Inc.

54

(586) 754-8923

rosscr@attglobal.net

Milwaukee Gear Co.

70

(414) 962-3532

support@milwgear.com

Mitsubishi Gear Technology Center

IBC

(248) 669-6136

info@mitsubishigearcenter.com

Niagara Gear Corp.

71

(800) 447-2392, (716) 874-3131 info@niagaragear.com

www.milwaukeegear.com
www.mitsubishigearcenter.com
www.niagaragear.com

Parker Industries Inc.

54

(631) 567-1000

sales@parkerind.com

www.parkerind.com

powertransmission.com

69

(847) 437-6604

ptsales@powertransmission.com

www.powertransmission.com

Presrite Corp.

10

(216) 441-5990

The Purdy Corp.

28

(860) 649-0000

sales@purdytransmissions.com

Quality Transmission Components

37

(516) 437-6700

support@qtcgears.com

www.qtcgears.com

Russell, Holbrook & Henderson Inc.

26

(201) 796-5445

sales@tru-volute.com

www.tru-volute.com

SDP/SI

71

(516) 328-3300

6

(86) 917-367-0795

68

(616) 245-0465

Shaanxi Qinchuan Machinery Development Co. Ltd.
Specialty Heat Treating Inc.
Star-SU LLC

69, BC

(847) 649-1450

www.presrite.com
www.purdytransmissions.com

www.sdp-si.com
iec@qinchuan.com

www.qinchuan.com
www.specialtyheat.com

sales@star-su.com

(800) 792-0030, (914) 736-0206 sales@timco-eng.com

www.star-su.com

Timco Inc.

11

Universal Technical Systems Inc.

71

(800) 435-7887

sales@uts.com

www.timco-eng.com
www.uts.com

Wiscon Products Inc.

70

(262) 639-2272

rolfe@wisconproducts.com

www.wisconproducts.com
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CLASSIFIEDS
WEBSITES

GLEASON CUTTING TOOLS
CORPORATION

GLEASON CORPORATION

Gleason Cutting Tools Corporation is the
leading gear cutting tool manufacturer in
North America. We offer a wide variety of
form-relieving milling cutters, hobs, shaper
cutters, shaving cutters and CBN-plated form
grinding wheels as well as our engineering,
coating, heat treating, metallurgical, tool
sharpening and reconditioning services.

Gleason is the world’s most comprehensive
resource for gear manufacturing technology. We offer a comprehensive gear cutting
machine program for every gear hobbing,
milling and grinding application for cylindrical and bevel gears. To learn more about
our products and services or to find key
contact information, see our Web site.

www.gleason.com

www.gleason.com

GEAR MOTIONS, INC.
Learn about one of the most modern
fleets of Gear Grinders, including the
new Höfler 700 at Oliver Gear. See the
latest Reishauer Gear Grinding technology, at ISO 9001-2000 registered Nixon
Gear, as well as the latest in CNC Gear
Hobbing and cellular manufacturing.

www.gearmotions.com
www.gearmotions.com

HEAT TREATING

Induction Hardening
GEAR HEAT TREATING
• vacuum carburizing, 20-bar gas quench
• atmosphere heat treating
• induction hardening
• sub-zero treatment

We Use Med. & High Frequency

Simultaneously!
SDF-Induction Hardened

We offer annealing, hardening, vacuum oil quench,
tempering, stress relieving, normalizing, sheroidizing,
brazing, sub-zero treatment, deep cryogenic, selective
carburizing, carbonitriding, ferritic nitrocarburizing,
black oxide and much more.

Aircraft Gear

Fully certified metallurgical inspection
ISO/TS 16949:2002

If you need this, call us. We sell
the systems to make it for you!

Regional and National Service
3 Locations to serve you:
Grand Rapids, MI • Holland, MI • Elkhart, IN
Phone: (616) 245-0465 • Fax: (616) 245-6440

www.specialtyheat.com

Induction, USA, Inc.

mail@eldec-usa.com
248-364-4750 www.eldec.de

Specialists in Tooth by Tooth
Contour Hardening of Internal
Spur, helical and bevel gears
Our gear hardening equipment
includes 5 NATCO submerged
process machines and 5 AJAX
CNC-controlled gear scanning
machines. Tooth by tooth gear
hardening from .5DP-10DP, up to
15 tons, 200" diameter.
American Metal Treating Company
Cleveland, Ohio
Phone: (216) 431-4492 • Fax: (216) 431-1508
Web: www.americanmetaltreating.com
E-mail: bruce@americanmetaltreating.com

Breakdown Service Available

Rates—Line Classified: 1" minimum, $325. Additional lines $45 per line (8 lines per inch). Display Classified: 3" minimum: 1X—$735, 3X—$685 per insertion, 6X—$645 per insertion. Additional per inch: 1X—$255, 3X—$235 per insertion, 6X—$225 per insertion. Color Classified: Add $150 per insertion for color. Gear Technology will set type to advertiser’s layout or design a classified ad at no extra charge. Payment: Full payment must accompany classified ads. Send
check drawn in U.S. funds on a U.S. bank or Visa/MasterCard number and expiration date to Gear Technology, P.O. Box
1426, Elk Grove Village, IL 60009. Agency Commission: No agency commission on classified ads. Materials Deadline:
Ads must be received by the 15th of the month, two months prior to publication. Acceptance: Publisher reserves the right
to accept or reject advertisements at his discretion.
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SERVICE
• CONTRACT METROLOGY SERVICES
• CURVIC COUPLING GRINDING

•
•
•
•
•

& INSPECTION

• BEVEL & CYLINDRICAL

DEVELOPMENTS & PROTOTYPES

• APPLICATION ENGINEERING

SUPPORT & DESIGN SERVICES

•
• REPLACEMENT HELICAL GUIDES FOR
HEAT TREATMENT

BROACH SHARPENING

HOB SHARPENING
SHAVING CUTTER GRINDING
THIN FILM COATING
CUSTOM HEAT TREAT SERVICE

• REPLACEMENT HELICAL GUIDES
FOR SHAPERS, INCLUDING FELLOWS

SHAPERS, INCLUDING FELLOWS

PICK UP AND DELIVERY IN MANY AREAS

SPECIALIZED GEAR SERVICES
C O R P O R AT I O N

INTERSTATE TOOL CORP.
CLEVELAND, OHIO

1000 University Ave., P.O. Box 22970
Rochester, NY 14692-2970 U.S.A.
Phone: 585/473-1000
Fax: 585/461-4348
E-mail: sales@gleason.com

1351 Windsor Road
Loves Park, IL 61111 U.S.A.
Phone: 815/877-8900
Fax: 815/877-0264
E-mail: gctc@gleason.com

www.gleason.com

www.gleason.com

Allen Adams

HOB SHARPENING
(763) 425-5247
★ THIN FILM COATINGS ★

Shaper Services
Servicing Fellows Gear Shapers

CUSTOM ENGINEERED &
MANUFACTURED CUTTING TOOLS
ESTABLISHED 1960
FORM RELIEVED & PROFILE GROUND
MILLING CUTTERS
GEAR SHAPER & SHAVING CUTTERS
ALL CLASSES OF HOBS
HSS. SOLID CARBIDE & CARBIDE TIPPED
WHETHER YOU NEED NEW TOOLS,
MODIFICATIONS, RESHARPENING OR
HERRINGBONE GEAR SHAPER CUTTERS
SHARPENED IN MATCHED SETS
CONTACT US FOR A QUOTE TODAY!

www.interstatetoolcor.com
Tel: 216-671-1077 • Fax: 216-671-5431

Sharpening Service
for hobs, milling cutters
shaper cutters, shaving cutters.

On Site Service
Technical Support
Parts
Hydrostatic Guides
Retrofits
Training
Preventive Maintenance Plans

HSS & Carbide up to 5” Dia.
Straight Gash,
Sharpened & Inspected
Per AGMA STANDARDS
Quick Turnaround

All former Fellows Employees
Allen Adams Shaper Services, Inc.
394 Stewart Rd N, Mount Holly, VT 05758
Phone: 802-259-2937 Fax: 802-259-3937
e-mail: adams@vermontel.net

KORO SHARPENING SERVICE
9530 - 85TH AVENUE NO.
MAPLE GROVE, MN 55369
info@koroind.com

powertransmission.com™
The Ultimate Shopping Mall for Power
Transmission Components

Thin film coatings
5200 Prairie Stone Parkway, Suite 100
Hoffman Estates, IL 60192
Tel.: (847) 649 -1450 - Fax: (847) 649 -0112
2083 W.M - 55, West Branch, MI 48661
1-888-Resharp 1-888-737-4277
Tel.: (989) 345 -2865 - Fax: (989) 345 -5660

• Gears • Bearings • Motors • Speed Reducers • Sprockets • Actuators
• Linear Motion… and more

1580 Progress Dr., Richmond, IN 47374
Tel.: (765) 935 -7424 - Fax: (765) 935 -7631

Join the thousands who visit every day.
Log on to www.powertransmission.com to find suppliers of the components you need.

sales@star-su.com

www.star-su.com
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GEAR MANUFACTURING
Wiscon Products, Inc.
You Can Depend on Us

COMPANY

50 Years of Quality Service

Spur • Helical • Straight Bevel
Sprockets • Splines • Pulleys
Internal • External
• Fine & Medium Pitch Gear Hobbing
• Broaching
ISO 9001:2000
• Grinding & Honing
• Thread & Roll Forming
• Automatic Screw Machining

We offer CNC hobbing and shaping,
bevel gear cutting, gear shaving,
broaching, turning, milling and grinding on the latest CNC equipment.
32801 Edward
Madison Heights, MI 48071
Phone: 00-1-248-583-3000
Fax: 00-1-248-583-3433
E-mail: bob@atlasg.com
Internet: www.atlasgear.com

5022 Douglas Ave.
Racine, WI 53402
Phone: (262) 639-2272
Fax: (262) 639-5404
rolfe@wisconproducts.com
www.wisconproducts.com

WHEN IT HAS TO BE RIGHT

Let Cotta get you up to speed!

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

For high speed transmissions, speed reducers and increasers, transfer cases, and custom design gearboxes,
rely on Cotta Transmission Company. Our focus is on
uncompromised quality giving our customers superior
products, outstanding capability, and unmatched responsiveness. Backed by over 90 years of experience in
the design of industrial transmissions, Cotta Transmission is the best source for your exacting specifications.

G E A R B OX R E PA I R
Custom Gear Services Since 1946
ISO-9001

w w w. t h e g e a r w o r k s . c o m
The Gear Works—Seattle, Inc.
500 S. Portland Street
Seattle, WA 98108-0886
Phone: (206) 762-3333
Fax: (206) 762-3704
E-mail: sales@thegearworks.com

Be on the Cover of
Gear Technology
Send us your high-quality
gear-related images for our
consideration. It's a great
chance
for FREE publicity.
Contact:
Jean Bartz, Art Director
1425 Lunt Avenue
Elk Grove Village, IL 60007
70

TRANSMISSIONS FOR INDUSTRY SINCE 1906

Cotta Transmission Co., LLC
1301 Prince Hall Dr., Beloit, WI 53511
(608) 368-5600 • Fax: (608) 368-5605 • www.cotta.com

YOUR HEAVY-DUTY
GEAR EXPERT
• Spur,
Spur, Helical and
Double-Helical
Double-Helical to
20 Feet
Feet Diameter
• Spur & Helical
Grinding to 70.8"
• Herringbone to
80"
• Straight
Straight Bev
Bevel to
60"
Plus Worms,
Worms, Worm
Wheels, Internals,
Splines, Sprock
ets
Sprockets
and CNC Machining

Gearbox repair
and replacement
gearing for Power
Plants, Steel Mills,
Sugar Mills, Mining Equipment,
Chemical Plants,
Cement Plants,
and many other
types of industrial
gear drives.

C-B Gear & Machine, Inc .
4232 Mooney
Mooney Road
P.O.
.O. Box
Box 111278
Houston, Te xas 77293
Phone: 281-449-0777
Fax: 281-590-9127
www.cbgear
.com
www.cbgear.com

Milwaukee Gear Co.
Precision Custom Gearing
Since 1918

· Complete Design / Engineering
· In-House Heat Treating
· Precision Gear Grinding
5150 N. Port Washington Road
Milwaukee, WI 53217
Ph: (414) 962-3532
Fax (414) 962-2774
E-mail: support@milwgear.com
www.milwaukeegear.com
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GEAR MANUFACTURING

The Guy Down the Hall
Wants His copy of
Gear Technology back

PRECISION GROUND GEARS
— Spur, Helical and Pump
Gears to AGMA Class 15
— Featuring the latest grinding
and CNC technology including:
• Reishauer RZ300E Electronic
Gear Grinders
• Gleason TAG 400 CNC, 8-axis
High Production Gear Grinder
• Full CNC Multi-axis Cylindrical
Grinding (Internal and External)
• High Performance CNC Hobbing
— Continuous Process Improvement
Utilizing SPC and Quality Planning
— JIT Delivery using Innovative
Stocking Programs

NOW!

800-447-2392

Sign up for your own copy at
www.geartechnology.com

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

SOFTWARE
Base Summary Data

CAGE
Inspection/
Correction Data

Inspection
Results

G-AGE

FEA

SUMMARY
MANAGER

Corrections

Inspection
Data
Physical Part

CAD Library of Gear Tooth Geometry
on CDs with Nanotech Calculation
1. Hobbed Spur Gear Teeth
2. Spur Gear Teeth with Tip Round
3. Shaped External Spur Gear Teeth
4. Shaped Internal Straight Gear Teeth
5. Internal Straight Gear Teeth with Tip Round
6. Hobbed Helical Gear Teeth
7. Helical Gear Teeth with Tip Round
8. Shaped Internal Helical Gear Teeth

www.Hobbing.com
info@Hobbing.com
Tel: (703) 847-3854 • Fax: (703) 642-5911

CLOSE THE LOOP ON QUALITY
GEMS™ Expert Manufacturing System
Gleason combines a collection
of software with Gleason cutting,
grinding and inspection equipment
to produce bevel gears faster and
more accurately every time.

www.gleason.com

For Metal, Plastic, and
Powdered Metal Gears.
The most comprehensive gear knowledge system
for eliminating noise and premature failure, reducing trial and error, lowering design and production
costs, and speeding time to market.
From initial sizing, gear design and analysis, and
modeling of environmental extremes, to full optimization with tolerance analysis and manufacturing
specs—Integrated Gear Software has it all. Visit us
at www.uts.com for more information.

Universal Technical Systems, Inc.
1-800-435-7887

Want to Drive Traffic to
YOUR Website?
ADVERTISE on
www.geartechnology.com
Call Patricia Flam at (847) 437-6604
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ADDENDUM

H

ow often have you put your elbow on the water cooler sipped from your paper cup and wondered: How’s my
work in this gear shop affected by my astrological traits?
Like the Addendum team we’re sure you’ve asked yourself this question on many occasions" But you may not
have had the time to investigate your zodiac sign to find the answers"
However we’ve taken the time to do that for you as part of Gear Technology’s ongoing mission to benefit the gear
industry"
The Addendum team conducted extensive research we looked on a Website to learn the traits of people born under
each sign and how those traits help or hinder their work"
During our research we even learned that people may be well or ill suited for certain shop positions based on their astro$
logical traits"
When you read about your sign if you find you’re not in your right job we recommend you ask your boss for an imme$
diate transfer" He’ll understand; it’s for the good of the company"
Our research results follow starting with March 8 often the spring equinox which is the beginning of the zodiacal
year"

r

r

r

Aries the Ram

r

Pisces the Fishes
(February :–March :)—
A hallmark of the Piscean personality
is kindness" They’re often best at deal$
ing with a gear shop’s fluids because
they were born under the sign of the
fish" So a Pisces may work well in a
shop’s nital etch department"
Submerging gears in a fluid—even a
mild acid—may seem right to them"

r
r
r

Aquarius the Water Bearer (January 8–February 8>)—
Aquarians commonly are friendly and inventive" Born under the water
bearer sign they often are best at buying their gear shop’s lubricants and
cutting fluids" But they tend to view dry hobbing with great suspicion"

(December @–January :)—
Bosses like Capricorns; they tend to be
calm and disciplined with great
respect for authority"
Surprisingly they also
tend to have an interest
in the occult" This trait
surprised us when we
saw a Capricorn co$worker
rubbing chicken bones on bar stock" But
he explained: “So the gears come out good"”

r

r

r

Gemini the Twins
(May –June 8)—
Geminis often have complex dual
natured personalities" As gear engineers
they tend to believe in matched pairs
so they think bevel gear lapping is the
greatest process of them all" But their
desire for perfect agreement between
mates can annoy their spouses"

According to Gear Heads
Libra the Balance

(September –October @)—
Sociable and
idealistic are
Sagittarius the Archer
typical traits of Libras"
(November @–December )—
Another possible trait
Sagittarians may sometimes be superficial
is a dislike of coarse
but they’re also honest philosophical and
dirty work"
optimistic" This last trait can be a problem
On the shop floor
as they can be too optimistic and there$
they may be most
fore prone to statements like: “It’s not an
comfortable in the gear
economic slowdown; it’s just a very long
inspection department—
coffee break"”
like one of our friends"
As a Libra he’s also
Scorpio the Scorpion
indecisive and
(October –November )—Scorpios
changeable though
are sometimes critically perceptive with
he says he’s just
analytical capacities making them good
“recalibrating
at investigating gear failures" They also
my opinions"”
tend to be intense and
passionate but not
well$spoken" That’s
why we smile at a
failure analyst we
know when he
r
r
says: “I love fail$
ures"”

r

72

Taurus the Bull
(April 8–May 8)—
Taureans are industrious and reliable"
Good craftsmen they enjoy art and may
see gear manufacturing as an art" This
attitude explains why one of our Taurean
friends operates his gear generator while
wearing all black: pants turtleneck
sweater beret"

The Signs

Capricorn the Goat
r

(March 8–April :)—People
born under the sign of the ram
are enthusiastic and full of ener$
gy; they make good impressions
as young job applicants" But
they can be impatient and
impulsive so they may be bad
choices for long projects like
carburizing operations—as one
Aries we know proved with an
unfortunate furnace incident"
Thankfully hair grows back"

r

Cancer the Crab (June –July )—
Purposeful and shrewd but moody and uncompromising
sometimes describe Cancerians" Also they often have a talent for
mimicry—which should be used carefully at work" A friend used his
talent before he saw his boss on the other side of his gear cutting
machine" Anybody need a good machine operator?
Leo the Lion (July @–August 8)—
Self$confident and powerfully intelligent are
among the best traits of people born under the
sign of the lion" But they can be very stubborn
about upholding out$of$date practices" We
know a Leo who insists to us: “There’s still a
huge market for wooden gears"”

Virgo the Virgin (August –September @)—
Virgos tend to be intellectual"
They’re logical
r
methodical studious
and teachable" They’re also
practical with their hands
and good technicians"
So they often can learn to
expertly operate every
machine in a gear shop:
think utility infielder"
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MITSUBISHI GEAR MACHINES
Gear Technology Center, 46992 Liberty Drive, Wixom, MI 48393
WWW.MITSUBISHIGEARCENTER.COM 248-669-6136 FAX 248-669-0614
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Your global
source for gear
shaping
machines and
cutting tools

The worldwide enterprises of Bourn & Koch and
Star SU provide complete solutions to satisfy any
type of gear manufacturing requirement. Machines,
tools, tool services, automation, training and assistance are today at hand anywhere in the world.
The latest development in the expanding range of
Fellows high speed gear shaping machines, which
are now produced exclusively by Bourn & Koch, is
the CNC HP 300. This new innovative machine
features a moving cutter spindle slide with an
elevation range of up to 11.8” (300mm), seven (7)
CNC axes, user friendly set-up and menu-guided
programming through the Fanuc 16i control unit.

Visit our website to download our complete product
range and find the answer to your particular needs.
We are closer than you may think.

Bourn & Koch Inc.
2500 Kishwaukee St.
Rockford, IL 61104
Tel. (815) 965-4013
Fax (815) 965-0019
bournkoch@worldnet.att.net
www.bourn-koch.com

Star SU LLC
5200 Prairie Stone Parkway
Suite 100
Hoffman Estates, IL 60192
Tel.: (847) 649-1450
Fax: (847) 649-0112
sales@star-su.com
www.star-su.com

GT 0304

The HP 330 has a stroke range of up to 5.9”
(150mm) and is able to cut spur gears as coarse
as 4DP (Mod. 6.35) and helical gears as coarse as
5DP (Mod. 5).

