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Bourn & Koch’s Fellows
MS450-125 CNC Gearless
Gear Shaper with CNC
controlled guide

Bourn & Koch 100H CNC
Horizontal Hobbing Machine

— ideal for hobbing multiple splines
and gears on shafts with tandem
mounted hobs and milling cutters.

Samputensili S250CDA-CF
CNC Chamfer Deburr Machine

Star PTG 1 CNC 5 Axis

Hob & Shaper Cutter Tool
Resharpening Machine

— gives you the additional capability
to sharpen form relief cutters, end
mills, drills and step drills. Includes
NUMROTO software and quick
change tooling.

Star PTG 4 CNC 5 Axis

Tool & Cutter Sharpening
Machine - has an automated
4-station wheel and coolant
manifold change system, HSK
quick release grinding wheel pack
and includes NUMROTOplus
software with Vericut 3D
visualization.

@@ We get through our day...

Star SU Gear Hobs &

Milling Cutters

Star SU Gear Shaper Cutters

Star SU Gear Shaving Cutters

Star SU Gundrills & Reamers

Star SU PCD Rotary
Cutting Tools

We innovate. You implement.



by helping you get through yours.

See Our

NEWEST INNOVATIONS at IMTS 2006
September 6-13, McCormick Place, Chicago
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and Fine Boring Tools
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Star SU Carbides for fluted
preforms, flat blanks, cold-head
dies and bushings, round rod,
gundrill blanks, special extruded
shapes, wear parts and punches

Star SU Bevel Stick Blades Star SU Total Tool Life Cycle Management (TLCM)
saves on your tool costs while eliminating tool
management headaches

Star SU - Balzer Applied
Coating Technology enhances
your cutting processes and

reduces your overall tool IMTS
cost-per-part. Booth No. B-6912
September 6-13, 2006
McCormick Place
. Chicago, IL Member AGMA

A& Star SU LLC 5200 Prairie Stone Parkway, Suite 100 : Hoffman Estates, IL 60192
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~See.the BIG Picture?

= Discontinuous generating grinding
= Dressable and CBN tools

= On-board inspection

= Integrated balancing

= Compact, ergonomic design

= Siemens 840D control
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MiCorrtich Made

Come to booth B-7030 to see the Turnkey Machine! PR

KAPP Technologies 2870 Wilderness Place Boulder, CO 80301
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Quality Spiral
Bevel Tools

A/W Systems Co. is your quality alternative manufacturing source of spiral gear roughing and finishing cutters and bodies.

We can also manufacture new spiral cutter bodies in diameters of 5" through 12" at present.
A/W can also supply roughing and finishing cutters for most 5"-12" diameter bodies.
Whether it's service or manufacturing, consider us as an alternative source for cutters and bhodies.
You'll be in for a pleasant surprise.

1901 Larchwood
Troy, MI 48083
Tel: (248) 524-0778 » Fax: (248) 524-0779




PUBLISHER'S PAGE

Who Pays Your Salary?

I just finished conducting annual
reviews with our employees. About
this time, I meet with each employee
to review progress and goals from the
past year, set new goals for the coming
year and review the financial perfor-
mance of the entire company.

These reviews are a useful opportu-
nity to get feedback about what is work-
ing and what isn’t, from the employees’
perspectives. We ask for suggestions
about what we and they could and
should do better. Some of the best decisions we’ve implemented
have come out of these meetings.

Of course, the employees are always interested to know
whether they’ll be getting raises or bonuses—and if so, how
much. But while conducting reviews this year, I found myself
explaining the idea that their salaries, raises and bonuses really
don’t come from the company—or from a specific individual.
They, we—all of us—get our paychecks from our customers.

Of course, customers don’t come to us and buy our products
and services because of their concern for our welfare or the
welfare of our families. Customers come to us because they
need our products or services to help them solve a problem or
accomplish something they couldn’t do themselves. If we don’t
provide these products and services to our customers, at prices
they can afford, they will find suppliers that do.

In publishing, our first contacts are the advertisers. I need
those companies to be successful using this product. To accom-
plish that, I spend a lot of time thinking about their customers
(that would be you guys, the readers). If we didn’t have infor-
mation of interest to you, the readers, and if we didn’t deliver
the magazine to you, then our advertisers would have no eco-
nomic reason to advertise.

Thinking about this concept, I started to wonder, Who really
is the customer? The first reaction is that the customer is the
company to whom we directly sell or ship our products. But in
fact, the real customer may be farther down the line. Maybe it’s
your customer’s customer who is the end user.

You can follow that line of reasoning until, eventually, you
get back to individual consumers. You might not think Gear
Technology has much to do with the average person, but in fact,
it does. For example, our magazine sells advertising to a gear
machine tool manufacturer. The machine tool manufacturer
sells his products to an automobile transmission manufacturer.
The transmission goes into an automobile that eventually ends
up in a consumer’s driveway. And the chain might even become
a circle if that consumer is one of my employees, or even me.

As a publisher, while my first
concern is not individual automobile
consumers, their wants and needs
ultimately play a role in our decision-
making process. For example, when
we choose to run a technical article
on gear noise, doesn’t it ultimately
benefit the end consumer?

Ultimately, a business has to pay
attention to his complete chain of
customers, from the one who pays
him directly to the one who ulti-
mately uses the end product. Of course, the ones closest to us
on the chain are the ones we have to pay the most attention to,
but often we can best serve them by thinking down the chain to
the next level.

In our annual reviews, I encouraged each of my employees
to think about our customers and how we can better serve them
and to consider new ways to make our customers more success-
ful with our products.

But this isn’t an exercise just for publishers. The idea holds
true in many businesses, including gear manufacturing.

So, who really is your customer? How can you make him
more successful with your products? How far down the chain
are you thinking? Have you thought about your customer’s
customer lately? If not, I encourage you to do so. After all, it’s
not your boss who pays your salary or who decides if you get
a raise. Ultimately, it’s the customer who does. Concentrate on
making him successful with your products and services, and
everyone benefits.

Michael Goldstein,
Publisher & Editor-in-Chief
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ANNOUNCING!

GCS “Gear Cutting Systems” Division

Carbide Grades
Available ETC-809 ¢
(Specially Formulated fo
Dry Cutting Bevel Gears) as
well as Equivalent Grades to
KC7315 & H10F

e HSS Grades Available
REX 76, M4, ASP30 Sales & Service, Ned Hoermann
nhoermann@engineeredtools.com
Cell: (314) 623-5395

e Balzers BALINIT PVD Coatings

Director of Operations, John Ketterer

e Rough Form Wire Service jketterer@engineeredtools.com
PH: (989) 673-8733

e Cutter Bodies Repaired Customer Service Manager, Rich Perkins

rperkins@engineeredtools.com
e TRI-AC®, RSR®, RIDG-AC®, HARDAC?®, PH: (989) 673-8733

SPIRON II® Style Blades and Others

Call Ross Deneau Today!
Manufacturing Manager
TRI-AC®, RIDG-AC®, HARDAC® and RSR® are registered ng anag :
trademarks of The Gleason Works, Rochester, New York to get a quote on Reconditioning your cutter bodies
SPIRON® Il is a registered trademark of Klingelnberg AG, rdeneau@engmeeredtools.com
Zurich (Switzerland) PH: (989) 673-8733
Cell: (989) 550-1114

Engineered Tools Corporation

Manufacturer of Precision Spiral Bevel Gear Tooling
And Reconditioning of Bevel Cutter Bodies

Engineered Tools Corporation To View
2710 West Caro Rd. Caro, Ml 48723

PH: (989) 673-8733 Our Comp_lete Product Line
FAX: (989) 673-5886 www.engineeredtools.com




PRODUCT NEWS

Drake’s Newest Thread Grinder Utilizes Rohot Load/Unload System

The GS: TE-LM thread grinder from
Drake Manufacturing is fitted with a
robot load/unload system that provides
maximum throughput for high-volume
production of ground threads.

The machine was first introduced at
IMTS 2004, and Drake has been tweaking
its features to unveil to the manufacturing
community in time for IMTS 2006.

According to the company’s press
release, the machine will be tooled to
grind the gear and worm profiles and
bearing journals on a power steering
pinion with vitrified CBN wheels. The
machine is a full helix thread grinder
equipped with a 180° power helix, linear
motors and ways. It also will have the
latest Fanuc controls programmed with
customer parts, acoustic touch dressing,
automatically generated wheel forms and
a mineral-filled cast polymer base.

CEO John Drake says the company
aims for cross-market appeal to both
low-volume and high-volume manufac-
turers, from job shops to automotive
customers. The grinder comes tooled for
power steering of ball screws and worms.
Drake adds the grinder is suitable for
taps, multi-start worms, electronic steer-

ing components, fast lead ball screws,
medical bone screws as well as gearbox,
transmission and speed reducer compo-
nents.

“The gear machine that’s generally
offered is the 350 mm. However, we’ve

built up to one meter in overall length,
and it’s capable of going up to two or
three meters now. The ballscrew manu-
facturers target a one, two, or three meter
length product, and we can provide a
longer bed length for them than for gear
manufacturers,” says Drake.

The auto load system consists of an
infeed conveyor, robot with dual grippers
and exit conveyor. The infeed conveyors
allow faster changeovers on a family of
parts. During the cycle, the robot loader
lifts a new blank off the infeed conveyor
and deposits a finished part on the exit
conveyor at the same time.

Also, robot cycles are coordinated
with Drake PartSmart programs for faster
changeovers. The robot system is pre-
programmed to automatically respond to
part dimension changes as entered in the
menu during changeover. The system can
conform to customer restocking intervals
and can be integrated in manufactur-
ing cells. Drake has programmed the
grinding and load/unload sequence into
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the control. Changes in part lengths are
accommodated by adjusting the conveyor
width and headstock position.

The company has integrated robot
systems in its machines for years as part
of its package for higher volume custom-
ers. The GS: TE-LM is the latest and

most sophisticated of the robot-integrated
machines.

“We have historically been a ball
screw house,” says Drake. “Today’s
speeds require competitive linear motors,
so we’re offering low maintenance and
much lower moving parts. So far, we’ve
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experienced great acceptance in the
screw and worm grinding market and are
excited to offer the same technology for
gear customers.”

Drake also plans to bring to IMTS a
“mini” thread grinder that targets smaller
parts. With a workpiece envelope of
100 mm x 100 mm, this new grinder
is designed for high volume, precision
threaded parts manufacturers in the cut-
ting tool, automotive, aerospace and
medical equipment industries.

The company recently shipped a
“mini” with a cycling autoloader config-
ured to grind M0.8-0.25 taps for thread-
ing holes in cell phone circuit boards. The
mini is suitable for grinding small taps,
thread roles, thread gages, worms, ball
screws, e-steering components, aerospace
fasteners and surgical bone screws.

The mini is also equipped with the
PartSmart software, so customers’ parts
are pre-programmed into its system.
Operators follow the screen prompts and
enter values.

With a footprint of 1.2 m x 1.8 m and
weighing 3,000 kg, the grinder can be
integrated into manufacturing cells and
transported via forklift.

For more information:
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Warren, OH 44485
Phone: (330) 847-7291
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www.american-wera.com

When you are PrawemaHoning®,
amline Your Pro
.tk:

Gear Cutting

e Super effiencient system for hard gear finishing

e Milling/Hobbing, hardening and PrawemaHoning® only
e Economical production via reduced process chain

Result: gear quality comparable to grinding for spur, helical and shaft type gears.
Contact us now for the remarkable details.

American

Wera

Inc.

4630 Freedom Drive ® Ann Arbor, Ml 48108 e 734.973.7800 e fax 734.973.3053



PRODUCT NEWS

The new BRGg VPHS high speed
grinding wheels from Saint Gobain are

OEM, foreign or domestic.

IF YOU REPAIR
IF YOU REBUILD

YOUNEED TO RESET

Introducing Setco™ ReSet, our premier spindle repair service
that delivers the best value, highest performance, and the
most dependable customer service in the industry.

With Setco™, you get the benefit of working with the
manufacturer of the most reliable spindle in North America.
Setco™ ReSet will rebuild most any make or model spindle;

To ReSet your spindle performance, call:
800-543-0470 Toll-Free, or visit setcousa.com

designed to reduce cycle times by increas-
ing metal removal rates. The increase in
removal rates has been applied without
metallurgical damage to the surface being
ground and without loss of dimensional
tolerance. Wheel life is lengthened, and
the BRG high speed wheels can run up
to 60 m/s.

Repair &
Rebuild Services

© 2006 Setco Sales Co.

selco

Set for Life

Phil Plainte, applications engineer at
Saint-Gobain, says the BRG wheels can
be used on new and older machines.

“Machine builders are building
smaller, more compact, versatile, faster-
running machines. This is driven by the
end-user who is looking for higher qual-
ity gears with much faster cycle times,”
he says. “The BRG product addresses
the demand for higher quality gears and
the new machines that run higher speed
spindles and short grind cycles. The BRG
can also be used on older machines pro-
ducing high quality parts.”

The BRG line includes both form
grinding wheels and threaded grinding
wheels, and they are available with a
variety of abrasive types and grit sizes.

In addition, Plainte says up to six
starts/leads can be put into the thread-
ed grinding wheel form to enhance the
machine/process time. The BRG abra-
sive and bond help generate gears with
tight geometric tolerances and burn-free
surfaces. In some cases, Plainte says, the
grinding action can enhance the compres-
sive residual stresses of the gear.

In one instance, the wheels were
tested on a 7.3635"-diameter, 56-tooth
helical gear and generated 28 good parts
before needing to be dressed. Conversely,
a competing grinding wheel produced 17
parts before it required dressing. In addi-
tion, when tested on a 2.8117" spur gear,
the BRGg wheel produced more good
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parts between dressings and simultane-
ously reduced per part grinding time.

“Original cycle time on one particular
part was approximately four minutes;
now they average around 1.5 minutes.
We can’t say the reduction in cycle time
is all BRG,” says Plainte, “but the prod-
uct definitely plays a big part in cycle
reduction. The machine is a new Gleason
245TWG high speed grinder.”

The gear grinding wheels will be
displayed for the first time at IMTS and
are offered with conventional aluminum
oxide to the more advanced high perfor-
mance ceramic grains. A complete line of
dressing tools will also be displayed.

Norton Abrasives is optimistic about
the products’ reception at IMTS.

“There are three dynamics taking
place in the gear industry right now.
Every manufacturer is under pressure to
improve production and efficiency. If
you don’t, you won’t survive,” Plainte
says. “The other dynamic is drivetrain
compression—more horsepower moving
through smaller, lighter drivetrains. This
can only be accomplished through bet-

ter quality gears. Lastly, aerospace is
in the middle of a seven-year up cycle,
and gear manufacturers are struggling to
keep up.”

“The customers participating in this
environment are investing in new equip-

ment, such as high speed machines, and
better tooling, like grinding wheels,” he
continues. “We’re getting really posi-
tive feedback from customers in North
America and Europe.”

For more information:
Saint-Gobain/Norton Abrasives Inc.
1 New Bond St.

Measure

PRODUCT NEWS

Worcester, MA 01615

Phone: (508) 795-5709

Fax: (508) 795-2688

E-mail: Barry.D.Cole@saint-gobain.com
Internet: www.nortonabrasives.com
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Great Minds!

Great Gears!
Great Polymers!

Ask the Ticona Gearheadé"“'”;;

[

Great Minds!

Put our polymer and application brainpower to work for you.

Ticona is the world leader in plastic gear technology. For over 30 years, our gearheads — better known

as gear technology experts — have helped to dramatically reduce the cost, weight and noise of gear drives
for countless applications.

Great Gears! Great Polymers!

* Reduce noise Celanex® thermoplastic polyester (PBT)

* Boost efficiencies Celcon® and Hostaform® acetal copolymer (POM|

e Lower cost Celstran® and Compel®long fiber reinforced thermoplastics (LFRT)
* Increase design flexibility Fortron® polyphenylene sulfide (PPS)

e Eliminate the need for lubricants ~ GUR® ultra-high molecular weight polyethylene (UHMW-PE)

® Resist chemicals and corrosion Riteflex® thermoplastic polyester elastomer (TPE)

Vectra® liquid crystal polymer (LCP)

Contact the Ticona Gearheads for the best polymer to fit your application at 1.800.833.4882.

11cona

Engineering Polymers

Performance Driven Solutions™

8040 Dixie Highway, Florence, KY 41042
1.800.833.4882 www.ticona.com

Except as otherwise noted, all of the trademarks referenced herein are owned by Ticona or its offiliates.
Fortron is a registered frademark of Fortron Industries LLC
© 2006 Ticona



Kinefac Introduces New
Automated Production
System

Kinefac is introducing a new Robo-
Roller, which is a quick changeover,
automated production system for
rolling threads, knurls, worms and
other forms on bolts, shafts and other
parts. The system integrates a Fanuc
robot with Kinefac’s MC-15 FI CNC
Kine-Roller.

Robo-Roller users perform
automated rolling from a pallet system,
bulk feed unit, hopper feed, manual
load/unload station or in a conveyorized
system without safety guarding. The
Robo-Roller can handle parts weighing
up to 3 Ibs. if there is some grippable
feature.

The Kine-Trol computer numerical
control rolling and part handling
system on the Kine-Roller provides
operator support to specify the thread
size, thread length and rolling die
specifications to establish the rolling
cycle and die match. Robot programs
are set up using a teaching pendant and
then stored.

Each die spindle has an independent
servo  drive  system  allowing
numerically programmed rotational
die match. The heavy-duty spindle and
die actuation system has a maximum
radial die load up to 70,000 lbs. and
can accommodate dies up to 6.75" in
diameter and faces of 4.5".

Kinefac’s Kine-Spin/Barret Division
is also introducing a new portable unit
for effectively removing solid contami-
nants from coolant and lubricant fluids

used in grinding, lapping, honing, wire
drawing, deep drawing and other metal-
working processes.

The unit uses the Barrett Clarifuge
to remove the abrasive swarf, material
coating residue, tramp metal particles and
similar contaminants that are generated in
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Immediate Opportunities in
! Challenging Aerospace Careers.

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

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

® Gear Management - Aerospace Manufacturing

Gear Box Housings, High Speed Machining,
® Gear Engineering - Process, Planning & Manufacturing

® Gear Machining - Spiral Bevel and Parallel Axis ® ID/OD Grinding
® Gear Metrology ® Gear Box Assembly and Testing

Excellent benefit and relocation packages.

An Equal Opportunity/Affirmative Action Employer.

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

N PRODUCT NEWS

The centrifuge and clari-clean cen-
trifuge cowl cleaner are mounted on a
cart and supplied with an 8 GPM circu-
lation system. According to the compa-
ny’s press release, this allows the fluid
cleaning operation to be brought to the
machine and operated until the coolant or
lubricant supply and machine reservoir

transmlssmns
by Purdy.

gears, gear boxes and transmissions for
OEM:s and the United States Government,

in the following areas of expertise;

® (NC Programming (Unigraphics) -

d
1946 - 2006

THE PURDY CORPORATION
60 YEARS OF EXCELLENCE

www.purdytransmissions.com
586 Hilliard Street, Manchester, CT 06042, USA + Phone 860-649-0000, Fax: 860-645-6293

Proud Supporters of
America’s Military.
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and sump are restored to normal operat-
ing conditions.

With the new system, removed con-
taminants are collected in a standard
drum located on the cart, and there-
fore, the portable fluid recover unit can
perform numerous machine operations
before it must be returned to the location
where contaminants are discarded in a
hazard-controlled manner.

;‘_” “f‘°’eci“’°"“a“°": Boston Gear Puhlishes
inefac Corp.
156 Goddard Memorial Dr. “ew Geal'lleall Bl'oclllll‘e

Worcester, MA 01603
Phone: (508) 754-6891
E-mail: sales@kinefac.com
Internet: www.kinefac.com
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Minor
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Rugged, Reliable, Repeatable
...ror 75 Years!

* Applicable to Spur and Helical Gears!
« Gage the Part at the Machine!

Major Wy COMTOR
Diameter - SPLINE

Boston Gear has published a full-
color, 36-page brochure to introduce new

high precision helical planetary gear-
heads.

The gearheads are designed for direct

attachment to popular servo and stepper
motors.

According to the company’s press
release, planetary gearheads combine
the load-sharing attributes of multiple-
tooth contacts with balanced operation

GAG ES at high speeds. That makes them suitable

for servo-driven solutions to packag-

For all your
gaging needs,
Comtorgage it!

Analog Dial or
Digital Readout

comiorgage’

(:omtorg(:sai%]]cee E:;;;)poratlon Quincy, MA 02171

Phone: (401) 765-0900 * Fax (401) 765-2846 Phone: (617) 328-3300

www.comto rgage.com E-mail: info@bosgear.com

Internet: www.bosgear.com

Internal or _ ing, medical, material handling, robotics,
External Spline automotive, and other high-production
Measurement

Made Easy! applications. Features include a patented
planet carrier design, patented input and
output sealing designs, and special heat
and surface treatments.

Still using micrometers
and pins method?

Comtor Spline Gages The brochure provides detailed infor-
make pitch diameter mation on the complete line of Boston
measurement quick, . . s
easy and accurate! gearhead products, including specifi-

cations, selection information, motor

mounting instructions, and torque tight-
ening recommendations.

For more information:
Boston Gear
14 Hayward St.
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ML-3000 AUTOMATIC HONING MACHINE

Gear bores demand critical tolerances. Sunnen’s ML-5000 automatic honing machines
hold bore size tolerances to within 5 microns with virtually any surface finish
to meet stringent gear specifications. 'b
Plus, it is up to 60% faster than previous honing techniques or
I.D. grinding - perfect for mid-to-high volume production requirements.
Greater honing speed, consistency and precision all add up to cost
savings that can mean payback in just months.
To get your free cost analysis for your gear or other bore sizing application, call
1-800-325-3670 or visit www.sunnen.com/ML-5000.

SORNAEN
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Unveiled at the 2006 North
American Auto Show in January,
the 2007 Lexus 460 luxury sedan
will be the world’s first mass-
produced _car_equipped with an
8-speed automatic transmission.

Drive Automotive Gear Industry

GM Ramps Up 6-Speed Production

By 2008, GM plans to sell one million vehicles annually
with six-speed automatic transmissions. Recent announcements
demonstrate the company’s efforts to achieve that goal.

Already, GM sells a number of models with six-speed
transmissions, including the GMC Yukon Denali; the Cadillac
XLR-V, STS-V and Escalade lineup; and the Chevrolet Corvette.
GM'’s full-size heavy-duty pickups can also be equipped with an
Allison 1000 six-speed automatic.

Some new 2007 model year vehicles will be equipped with
brand new six-speed automatic transmissions, according to a
GM press release. New six-speed variants in the Hydra-Matic
line were announced in May, including the 6T70 and 6T75 for
front-wheel and all-wheel drive vehicles, and the 61.50 for rear-
wheel and all-wheel drive vehicles.

Advantages of a six-speed automatic transmission include
improved fuel economy, performance and smoother shifting.
The six-speed automatic allows a reduced engine rpm at highway
cruising speeds, which reduces engine wear, reduces noise and
improves fuel economy.

“It’s a best-of-both-worlds scenario with the six-speed

automatic delivering great performance and enabling improved
fuel economy,” said Jim Lanzon, executive director of
transmission engineering for GM Powertrain. “It is almost
like having two transmissions in one—the high numerical first
gear provides tremendous off-the-line acceleration, but the
transmission is able to use the six gears to evenly distribute the
torque and settle at an overdrive gear that helps deliver great fuel
economy.”

Lanzon also announced that the company would expand
its goals to introduce 10 new variants of six-speed automatic
transmissions by 2010, resulting in production of three million
six-speeds annually.

The Hydra-Matic 6T70 will debut on the Saturn Aura and on
one version of the Pontiac G6. The 6T75 will be offered on the
Saturn Outlook.

The 6T70 and 6T75 were co-developed with Ford.
According to the press release, this partnership allowed the new
transmissions to reach production in less time and at about half
the cost they would have required each company to develop on
their own.

The 6L50, which debuts on the 2007 Cadillac STS
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performance sedan and SRX crossover SUVs, is based on the
larger Hydra-Matic 6L.80 featured in 2006 models.

In order to meet production levels for these new transmission
programs, GM recently announced a number of plant expansions
and investments.

In May, the company announced a $170 million expansion of
transmission production at its Willow Run facility in Ypsilanti,
MI. Production of the 6L.80 transmission began there in 2005,
and production of the 6L.50 will be added.

“A new team concept arrangement was developed for six-
speed production, which includes hourly members of UAW
local 735 and salaried employees,” said Kingsley P. Wootton,
plant manager at Ypsilanti Transmission Operations. “The team
concept includes cohesive teams of four to six members, with
a designated leader that assists the team, ensuring an efficient
operation. Team members work with engineering personnel to
provide input on product design and its impact on manufacturing,
with a goal of ‘zero defects.””

In June, GM announced a $332 million expansion of its
Warren, MI, transmission manufacturing facility, in order to
accommodate the production of the front-wheel-drive six-
speeds.

With the latest announcement, investment by GM on six-
speed transmissions since 2003 totals $1.7 billion, according to
the company’s release.

“Raising the bar on the execution of new products is a
critical part of our turnaround plan, and the broad application
of six-speed transmissions plays a key role in GM’s strategy
to be a leader in offering a range of fuel-efficient, fun-to-drive
vehicles,” said GM Chairman and CEO Rick Wagoner.

In February, GM announced a $500 million investment to
produce six-speeds at its Toledo, OH, plant.

Honda Begins Production at Georgia Transmission Plant

Honda Precision Parts of Georgia LLC (HPPG) began mass
production of transmissions in May. The company also announced
plans to expand production capabilities and employment at the
Tallapoosa, GA, plant.

HPPG manufactures five-speed automatic transmissions for
the Honda Odyssey minivans and Pilot sport utility vehicles
assembled at Honda’s plant in Lincoln, AL, 60 miles from
Tallapoosa. When the new facility is at full capacity, it is
expected to produce 300,000 transmissions per year, according
to Honda’s press release.

Combined with Honda’s Ohio transmission manufacturing
locations, the company now has the capacity to produce one
million automatic transmissions per year in the United States.

The announced expansion will add 100,000 square feet of
factory space and 40 employees, bringing HPPG to 350,000
square feet and 440 employees. The additional $50 million
investment will add machining and aluminum die-casting
capabilities.

arren Transmission Plant

z ‘E - GM Powertrain

GM Chairman and CEO Rick Wagoner (left) and UAW VP Richard Shoemaker
announcing an expansion of six-speed production in June.

Transmission production began in May at Honda Precision Parts of Georgia.
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The 2007 Lincoln MKX will feature the 6F 6-speed transmission co-developed by Ford & GM.

Vacuum Carburizing Critical to Ford Transmission

Ford Motor Co. has decided to develop a vacuum carburizing
system with a high-pressure gas quench to improve dimensional
control in distortion-prone components, including the 211 ring
gear for its O6F transmission. This gear needed to be produced
within tolerances that could not be achieved with traditional gas
carburizing and quenching technology.

“We were confident that gas quenching would serve the
purpose, but a lot of development work by the team was needed
to prove out the heat-treat processes and meet dimensional
requirements,” said Bill Dowling, a 6-Sigma Black Belt from
Ford’s automatic transmission operations, who headed up the
project.

The team developed a process that reduced distortion 50
percent and also improved fatigue properties compared with the
traditional process. Vacuum carburizing also allows for the use
of alower-cost steel alloy while still meeting all the requirements
for the parts.

“The savings on the material amount to several cents a
pound,” said Dowling. “Considering the volume of transmission
gears produced at Sharonville on the 6F program, the savings are
fairly substantial.”

The 6F transmission is a six-speed, front-wheel drive
automatic transmission that was co-developed with General
Motors. It will be used first in the 2007 Ford Edge and 2007
Lincoln MKX crossover utility vehicles.

6F Transmission.

The 2007 Ford Edge will feature the 6F transmission.
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Getrag and Bosch to Develop
Hybrid Dual-Clutch Transmissions
Getrag and Bosch have agreed to work together on hybrid

transmission systems that use dual-clutch transmissions and
electric final-drive units, according to a Getrag press release.

Key aspects of the collaboration include the integration of \
mechanical and electrical components and the development G
of appropriate software. Collaboration work also involves the I I l I n I ears
development of final drive units with directly integrated electric ort h A me rl ca

motors.

Hybrid drive systems combine an internal combustion engine
with an electric drive. In the case of parallel hybrids, the electric
drive is fitted directly into the power flow of the drivetrain. The
electric drive is used as a motor when accelerating and is used to
convert kinetic energy into electrical energy when braking.

The dual-clutch transmission enables energy-efficient
automatic shifting. Hybrid drive systems are designed to
significantly reduce fuel consumption, especially in urban
traffic. According to the release, the partners expect fuel savings
of up to 20 percent compared with drive systems relying on
conventional gasoline engines.

“The cooperation we have established with the world’s
largest supplier to the automotive industry is highly promising
for the future development of hybrid drive technology,” said
Dieter Schlenkerman, chairman of the board of the Getrag mG m|n|GearS
Group. “The know-how of both companies will put us in the Global Solution_sfrom a Truly Global Company
position to offer our customers throughout the world cutting-

edge solutions for future drive concepts.” 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.

ﬁ miniGears North America

A dual-clutch transmission from Getrag. Vir%_:;iSr?ig IBnetaegRaRI/OAnggngk\(Jvag A
ph.: (757) 233-7000
fax: (757) 627-0944
e-mail:mg_usa@minigears.com
internet: www.minigears.com

Certified to ISO/TS 16949:2002
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Dana’s New GenTech Gears
Provide Quieter, Smoother, Stronger Operation

Dana Corp.’s Commercial Vehicle Systems group has
announced that GenTech™, a new generation of heavy-duty
drive axle gearing, is now available as a production shipment
option.

According  to  the
company’s press release,
GenTech hypoid gearing
provides reductions in noise,
vibration and harshness for
medium- and heavy-duty

vehicle applications that
require increased torque
capacity and maximum

durability. GenTech gearing

is also available for school
buses, motor coaches and
recreational vehicles.

“Dana’s GenTech gearing is a proprietary system utilizing the
latest computer-aided design methods, premium manufacturing
processes, tightly controlled heat-treat and material specifications
and advanced in-line testing,” said Leo Wenstrup, Dana’s senior
product manager, drive axles. “We have optimized the tooth
geometry and contact pattern by leveraging Dana’s experience
in automotive gear technology through the use of premium
processes, advanced gear tooth cutting machinery and tools, and
new manufacturing equipment.”

GenTech gearing is initially available in Dana’s newest
Spicer S110 and S130 single drive axles. Additional axle models
will follow later this year.

Creating an Alternative:
Automakers Work to Offer Hydrogen as the New Gasoline

Concerned with the oil supply, automakers have been
playing a double game with gasoline, trying to conserve it while
they worked to replace it.

Their conservation efforts have been apparent for years.
For better gas mileage, gear transmissions were replaced with
continuously variable transmissions in some vehicles, and
electric motors were added in a number of autos to alternate with
their gas engines. Also, additional speeds—a sixth, a seventh,
even an eighth speed—are being manufactured on many gear
transmissions to increase fuel efficiency.

But, automakers were also developing ways to replace gas,
and an alternative fuel now coming to the fore is hydrogen.

Based on remarks by Gary S. Vasilash, editor-in-chief of
Automotive Design and Production, that alternative may not
be far off. Vasilash, who has more than 25 years’ experience
in the auto industry, discussed hydrogen fuel cell technology
in his keynote address at the official opening June 8 of LMT
Group’s new automotive support center in Auburn Hills, MI,
near Detroit.
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Inhis speech, Vasilash said DaimlerChrysler AGis convinced
hydrogen fuel cells are the future, and the automaker is working
on the technology now. He added that General Motors Corp.
continues to invest in hydrogen fuel cell technology despite the
company’s current problems. “They are not deviating,” he said.

In an interview later, he added that GM plans to have a cost-
competitive fuel cell system completed by 2010.

If viable, hydrogen-powered vehicles would require major
changes outside automakers’ factories. Perhaps the most obvious
change would involve the refueling of the cells. Hydrogen
vehicles would need hydrogen stations just like regular vehicles
need gas stations.

“The problem is infrastructure,” Vasilash said.

In the United States, as in other countries, gas stations seem
to be everywhere, so drivers can conveniently access them. A
similarly convenient system would need to develop as the use of
hydrogen-powered vehicles grew and became widespread.

Vasilash also mentioned DaimlerChrysler’s development
of BlueTec. This technology involves engine redevelopment to
reduce diesel fuel consumption and emissions and an exhaust
aftertreatment to further reduce emissions. This aftertreatment
involves use of an aqueous solution stored in a reservoir that’s
part of the vehicle. After his speech, Vasilash said BlueTec’s
next milestone is its availability in more vehicles. He added
that the issue with BlueTec is simply designing vehicles to
accommodate the reservoir: “There is no hurdle that needs to be
crossed.”

Time will tell whether
hydrogen becomes the new
gasoline, whether it proves
to be commercially viable

and how widespread its use
becomes, but automakers
have been playing their
double game for years now

to create an alternative to
gasoline, in case another
option is needed. C¥

Gary S. Vasilash, editor-in-chief of
Automotive Design and Production.

Comment on these articles by sending e-mail to
publisher@geartechnology.com
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Trends in Automobile Transmissions

Frank Buscemi, Manager—Public Affairs,
ZF Group—North American Operations

With all the work in transmis-
sion development these days, the
demand for automobile transmis-
sion gears should remain strong
for several years, but because of the
great variety of projects and varia-
tions, transmission manufacturers
and their suppliers will have to be as
flexible as possible to keep up with
the changes.

Automobile transmissions have come
a long way since the days of simply
choosing between automatic and manual.
Today’s drivers have more transmission
options than ever before. Automatics
and manuals are still there, but they are
now accompanied by automated manu-
als (AMTs), dual clutch transmissions
(DCTs), continuously variable transmis-
sions (CVTs) and hybrid drives.

Within those categories, there are
several options as well, including 4-, 5-,
6-, and 7-speed automatic transmissions,
along with five- and six-speed manuals.

ZF, the world’s third largest producer
of automobile transmissions, has been
providing gearboxes since 1915, when
Graf von Zeppelin founded the company

to provide gears and transmissions to his
Zeppelin airships.

Today, ZF provides more than
1.2 million transmissions per year to
automakers like Aston Martin, Audi,
BMW, Ford, General Motors, Jaguar,
Land Rover, Porsche, and Volkswagen
and employs more than 6,300 in its car
driveline technology division. In 2001,
ZF introduced the world’s first 6-speed
stepped automatic transmission in the
BMW 7-Series.

Dr. Harald Naunheimer, director of

Therefore, each case has to be individu-
ally assessed because general statements
are not applicable.”

The type of transmission plays a key
role in defining a vehicle’s character,
image, segment and brand, making it a
major factor in competitiveness. Each
vehicle features individual strengths,
depending on application conditions.

AMTs—Also known as sequential
manual gearboxes (SMGs), AMTs have
their roots in Formula 1 racing, using
computer-controlled actuators that are

product develop-
ment, car drive-
line technology
at ZF, says that
transmissions
are highly indi-
vidualized based
on region and
vehicle segment.
“The models fea-
ture individual
strengths, which,
in turn, depend
on the applica-
tion conditions.
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prompted by paddle shifters mounted on
the steering wheel. There is no clutch
pedal. The system allows for both auto-
matic and manual modes. SMGs are gen-
erally found on high-performance sports
cars.

CVTs use a belt or chain to connect
variable-diameter pulleys to provide an
unlimited number of ratios. This allows
for uninterrupted power to the wheels.

DCTs—Also called direct-shift gear-
boxes (DSGs), DCTs use two clutches
instead of a single-sided clutch to transfer
engine power through two sets of gears.
The paths are set up similar to a manual
transmission, with one path controlling
gears 1, 3 and 5 and the other control-
ling 2, 4, and 6, but there is no clutch
pedal. Also, there is constant power to
the wheels.

Hybrids—With regard to hybrids,
market share will depend on how the unit
is used—mild or full-scale hybrid—and
on regional legislation.

“North America and Japan are typical-
ly automatic transmission markets, with
Japan using CVTs in the sub-compact
market,” Naunheimer says. “Europeans
still prefer manuals—but even that has
dropped slightly.”

Since the introduction of the 6-speed
automatic, several automakers have
moved in this direction. At ZF’s automat-
ic transmission plant in Saarbruecken,
Germany, much of the production has
shifted from 5-speed automatics to 6-
speeds. Nearly all elements of the trans-
mission are manufactured in-house.
Based on application requirements, the
plant can hone, shave, grind or match
grind its gears.

Dr. Ludger Reckmann, vice president
of manufacturing for automatic transmis-
sions at ZF’s car driveline technology
division, says the Saarbruecken facility
will continue to increase capacity and
finishing capability for its gear machin-
ing operations—a core technology of ZF.
The company will also invest in quality-
related processes, such as heat treating.

The average 6-speed automatic trans-
mission contains 14 individual gears—
ring, sun or planetary. These are inte-
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grated in several ways, depending on the
vehicle.

Naunheimer says suppliers must be
flexible, as the trend toward individual
solutions will continue. “While the mar-
ket share of manual transmissions in
Europe is still around 80 percent, we
expect that sub-compact cars (A/B seg-
ment) and light commercial vehicles will
increase AMT use. Compact cars (C seg-
ment) and mid-size cars (D segment) can
expect to see more DCTs. Mid-range and
premium cars will continue to see auto-

matic transmissions with hydrodynamic
torque converters up to 7-speeds.”

Reckmann says increasing fuel effi-
ciency is the most important development
objective for transmission engineers.
“The main goal is to improve overall
powertrain efficiency by reducing drag
losses. However, we also look for shift-
time reduction, cost improvements and
noise reduction.”

Reckmann also says that within the
transmission industry, manufacturers will
have to make adjustments in the near
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future based on limited floor space, cor-
porate investment, cost and technology
changes, adjustments that will lead to
some outsourcing of non-critical compo-
nents to low-cost countries.

“Suppliers will also have to create
strategic partnerships for key compo-
nents within the transmission—electron-
ics and hybrids, for example—to develop
new products,” Reckmann adds.

The recent partnership formed by ZF
and German-based supplier Continental-
Teves to develop hybrid technology is
one of several being formed within the
industry. Continental-Teves brings elec-
tronics knowledge and expertise, while
ZF provides the transmission, chassis
and steering to create a complete hybrid
driveline.

Gear manufacturing will see some
changes as well. With more all-wheel
drive vehicles on the road, demand for
bevel and planetary gears—along with
spur gear sets—will increase. And, with
8-speed automatic transmissions now hit-
ting the market, the total number of gears
necessary will also increase.

“With more gears needed, fur-
ther improvements in gear quality,
process costs and improvements will be
required,” Reckmann says. “Gear coat-
ing, heat treatment and finishing opera-
tions should remain the same, but more
grinding, power honing and precision
forging will be necessary.” ¥

For more information:

ZF Group North American Operations
15811 Centennial Dr.

Northville, Ml 48168

Phone: (734) 207-2820

Fax: (734) 582-8025

Internet: www.zf.com

Comment on this article by sending e-mail to
publisher@geartechnology.com
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Generating Interchangeahle
20° Spur Gear Sets with Circular Fillets
to Increase Load Carrying Capacity

Christos A. Spitas and Vasilis A. Spitas
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Management Summary
This article presents a new spur gear 20° design that works interchangeably with the standard 20° system and achieves increased
tooth bending strength and hence load carrying capacity. In this design, a circular fillet replaces the normal trochoidal fillet, yield-
ing larger cross-sections at the tooth root and lower stress concentration. The actual working tooth profiles remain unaffected. To
verify this design, a series of numerical simulations was carried out using the boundary element method (BEM), and the results were
confirmed with subsequent laboratory testing.
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Introduction

The vast majority of gear applications use the standard 20°
involute system because of its good combination of bending and
surface pressure strength, involute insensitivity to errors in cen-
ter distance and relative ease of manufacturing. Most gears are
produced by hobbing or other generation-type processes, where
a straight-tooth rack or equivalent tool produces the involute
working gear tooth surface as well as a trochoidal root fillet.

Despite the benefits of this system, it is generally felt that
a higher bending strength and hence load carrying capacity
should be obtained. This is especially true with small numbers
of teeth (less than 14 or 17 depending on the tip radius of the
hob), where the standard involute teeth are susceptible to under-
cutting. This is a situation where the tip of the cutter removes
material from the involute profile in a secondary cutting action.
The resulting teeth have smaller thicknesses near their roots,
where the critical section is usually located (Refs. 1-2), and this
severely hampers load carrying capacity.

Up to now, a number of different gear tooth designs have
been proposed aiming to address this problem (Refs. 3-4), but
the most commonly employed method is that of positive profile
shifting (Refs. 5-8), resulting in teeth with no undercutting,
with enhanced fatigue characteristics and with changes in the
nominal center distance of the gear pair. Other solutions of a
hybrid-type have been proposed by Litvin et al. (Ref. 9) and
Tsai and Tsai (Ref. 10). These designs typically rely on sturdier
tooth forms, which often present unfavorable side effects, such
as 1.) increase of average sliding velocity, 2.) non-interchange-
ability with the standard 20° tooth systems either due to shifting
or due to non-involute shapes, 3.) lower pitting and scoring
resistance, 4.) lower contact ratio resulting in more noise and
vibration during operation (Ref. 2), and 5.) increased complex-
ity and hence manufacturing costs. Clearly, any viable alterna-
tive to the standard system should, as a matter of course, address
these issues effectively.

In this context, the present article takes into account a num-
ber of gear tooth design concepts developed by the authors (Ref.
11) in order to produce gear teeth with load carrying capacity
increased up to 130% of the standard designs whilst keeping the
rest of the gear pair working conditions unaffected. The result-
ing interchangeable spur gear tooth systems are generated by
simple hobbing tool geometry, using standard cutting machines
and procedures. The feature that increases the load carrying
capacity in the gear teeth is the substitution of the standard
trochoidal fillet produced with the standard circular-filleted hob
teeth with a circular arc fillet generated with modified hob tip
geometry.

The work reported in this article comprises the full genera-
tion, simulation and verification cycle of the new design encom-
passing: 1.) design of hob cutter fillet geometry, 2.) simulation
of generation process, 3.) strength evaluation and comparison
with standard gears using BEM, 4.) manufacture of gear tooth
samples in the laboratory workshop, and 5.) static load carrying
capacity testing of generated gears by measuring maximum fil-
let stress using photoelasticity.

The test results show agreement with the anticipated values,
and the circular fillet design is proven to give consistently better
results than the standard trochoidal fillet. The beneficial effect
is more pronounced with tooth numbers fewer than 40. In addi-
tion, the usual undercutting restrictions are shown to no longer
apply to circular fillet teeth cut with the present method, so that

pinions of as few as nine teeth can be produced, possessing a
load carrying capacity of more than three times that of standard
undercut teeth.

Geometrical Analysis

As a first step, the gear model is non-dimensionalized with
respect to the gear module (Ref. 11), so that a wider generality
of the results can be achieved. The process follows.

Consider a pair of spur gears in mesh. Both gears should
have the same nominal pressure angle o and the same module
m in order to be able to mesh properly. It is also possible that
these gears have addendum modifications x, and x,, respective-
ly, and therefore their pitch thickness is given by the following
relationship:

S,; = ¢, um+2x, tano,m = s, m 1

where ¢ is the thickness coefficient of gear i, (i = I, 2),
which in the general case is ¢, # 0.5 # c,, while s is the
pitch thickness of the corresponding non-dimensional gear for
which the module (m) and the face width (b) are both equal to
unity.

In the absence of errors, the center distance and working
pitch circle radius expressions are:

zZ+z
a, =2 m+(x, +x,)m = a,,,m (2)
z,
Ty =~y M= Ty, M 3)
z+z,

Furthermore, Spitas (Ref. 12) has shown that the radius
defining the position of the highest point of single tooth contact
(HPSTC) on gear 1 can be expressed as:

rB'u = % = \/’/}czlu + (8_ l)tgul:(e_ l)tgu _2\/ ’/}52]14 - rgzlu ] (4)

The above equations show that it is possible to describe
the governing relationships in the gear pair in a more general-
ized way, by non-dimensionalizing in terms of the module.
This reduces the needed variables, as the interaction of a given
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gear with any mating gear need only consider the contact ratio
instead of the full set of the mating gear attributes. Also, the use
of non-dimensional teeth allows every geometrical feature f on
the transverse section of a full-scale gear tooth to be connected
with the corresponding feature f, of the transverse section of the
non-dimensional gear tooth through the equation:

S=rfm 3)

Stresses can also be calculated in non-dimensional teeth
0,(z, x, ¢, € with unit loading P, = 1 and be related to the
actual stress ¢ using the following equation:

P N
c=0,-—1% 6
b (6)
as suggested by Rogers (Ref. 8) and Townsend (Ref. 1).
Having defined the non-dimensional form of the problem,
the novel circular fillet tooth geometry is defined through the
following procedure.
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Figure 1—The geometry of the circular fillet.
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Figure 2—Superposition of circular fillet on a standard tooth.

Consider the involute spur gear tooth of circular fillet illus-
trated in Figure 1, where point O is the center of the gear, axis
Oy is the axis of symmetry of the tooth and point B is the point
where the involute profile starts.

Point A is the point of tangency of the circular fillet with the
root circle r,. Point D lying on €, = OA represents the center of
the circular fillet. Line €, is tangent to the root circle at A and
intersects with line €, at C The fillet is tangent to the line €, at
point E. Since it is always r,>r (Ref. 1), the proposed mrcular
fillet can be implemented Wlthout exceptions on all spur gears
regardless of the number of teeth or other manufacturing param-
eters. A comparison of the geometrical shapes of a tooth with
a circular fillet and of one with a standard fillet is presented in
Figure 2.

For the geometrical modelling, only non-dimensional teeth
are examined, i.e. teeth with unit module (m) and face width (b).
In non-dimensional teeth, the pitch radius and the pitch thick-
ness are calculated:

v :% and S, =mc, +2xtana, @)
S
S, = r{ r +2(p, — 0, )] ®)

where:
¢ =tan o — 0o is the involute function on circle r, and
o, = cos” ‘(r /r) is the pressure angle on circle r,
Angle 0) /2 that corresponds to the arc § /2 (F1g 1) is given
by the equatlon

S./2
0/2=32 =0 ©)
Angle C (Fig. 1) takes values between 0 and {__ so that:
Com =2 -2, (10)
z

The coordinates of points A and B are:

x, =rsin((+Q,), y, =r,cos((+Q,) 11

Xp =¥, 8inQ , yu =r,cosQ (12)

The defining equations of lines €, and €, are, respectively:

€):y=——x, () y=———x

tanQ, tan( +Q, )

13)

Since €, is perpendicular to €, and €, passes through point
A(x,,y,) its defining equation is:

y=—tan({+Q, J+ (14)

7
cos(+Q,)

Point C(x., y..) is the intersection of € and €, and therefore
its coordinates should verify Equation 13 and hence:

tanQ,
Ye =

15
s1n(C +Q )tanQ +cos(C_,+Q ) tanQ, (15)

X

Angle BCA is calculated as:
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BéA=(§—95)+§+QS=§+C (16)

Line €, bisects the previous angle BCA, so its inclination is:

BCA . (n g
tan[T—(C+QS):|—tan(4 5 QS)

Point C(x,., y.) belongs to €, and thus the defining equation
of line €, is derived as:

an

. 1—taantan(::—§—Qs) (18)
=tan| ——=—-Q try
y (4 5 }' T sin(C+Q, )tanQ, +cos({ +Q, )

At this point, two distinct cases are considered. Point E coin-
cides with point B (E = B). In this case, €, is perpendicular to
€, at point E = B, so €, must have an inclination equal to —tan{2,
and since point B belongs to €., its defining equation is:

’ 1
cos 2, (19

y=—tanQ x +

Point D(x,, y,)) should verify both Equations 13 and 19 and
therefore has the following coordinates:

tan({ +Q,)
T s, +sinQ tan((+Q,)’
s 15 s (20)
Yo =

E cosQ, +sinQ tan({+Q,)

According to Figure 1, it is AC = BC, and after substitutions
and calculations, we arrive at the equation:

2 2
T

=—(sin2 Q, +cos29‘_) (21
2 cos : :
from which the value of { is derived as:
2rr
{=cos” L (22)
ro+ry

By defining the non-dimensional parameter S = r:/r/. > 1,
Equation 22 becomes: '

o4 28
€ =cos 1[1+S2J (23)

Equation 23 is used for the determination of angle (). Point
E lies below point B.

In this case, itis { < {__, and the center of the circular fillet
of the tooth is calculated following the methodology described
below:

CA:\/(XA—XC)2+(YA—yC)Z =CE 24

_ LIS
AD= CAtan[4 + 5 ) (25)

The coordinates of points D(x
respectively:

) and E(x, y,) are,

D’ yD

xp =, +AD)sin((+Q,) , y, =, + AD)cos((+Q,) (26)

x; =(OC+CE)sinQ,, y, =(OC+CE)cosQ,  (27)
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Figure 3—BEM mesh on a tooth model.

The remaining portion of the tooth profile between points B
and E is a straight line.

Stress Analysis

The structural analysis of the spur gear tooth model is car-
ried out using the boundary element method with quadratic
isoparametric boundary elements. The calculation of the non-
dimensional tooth profile and the generation of the mesh are
done automatically using specially developed software. A uni-
tary normal load is exerted at the highest point of single tooth
contact (HPSTC). The resultant normalized stress is related to
the actual stress of the full-scale tooth with Equation 6. The
distance of the HPSTC from the center of the gear is calculated
in terms of the contact ratio € and the geometrical characteristics
of the gear according to Equation 4.

A typical mesh is presented in Figure 3. The tooth base,
ABCD, is discretized in 43 nodes or 21 elements and is consid-
ered to be fixed, i.e. the displacements of all nodes are zero.

Portion DE represents the root circle and is discretized in 11
nodes or five elements. Portion EF is the tooth fillet consisting
of 72 elements or 144 nodes, portion FG is the involute part
of the tooth consisting of 40 elements or 81 nodes and finally
portion GH is the tip, discretized in five elements or 11 nodes.
All nodes belonging to the tooth profile are considered to be
unloaded (horizontal and vertical traction equal to zero) with
the exception of the node marked HPSTC, which belongs to the
involute part FG and on which the normal load P, is acting.

The reason that the mesh is denser at the tooth fillet is that
the maximum stress is expected to occur in this area, and there-
fore greater density will ensure increased accuracy of the results
(both the position of the critical section and the magnitude of the
maximum developed stress).

Manufacture of Test Gear Tooth Specimens

Several test gear tooth specimens with both standard tro-
choidal as well as circular fillets were produced by precision
milling on a CNC machine tool in compliance with the geom-
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Figure 4—Test rig. Polariscope and loading apparatus with tooth specimen
loaded at the tip.

etry of the BEM analysis layout to ensure full comparability
of results. The specimens were produced from polycarbonate
material suitable for photoelastic investigations. The other fixed
parameters are: module = 5 mm, thickness coefficient = 0.5, and
profile shift = 0.0

Specimens were produced to correspond to gears with tooth
numbers 9, 17, 24, 32 and 40, covering the most basic range
of teeth where the circular fillet is expected to yield the most
noticeable benefits.

The cutting parameters were selected such that no distortion
or residual stress would be present in the specimens. Indeed,
all specimens underwent preliminary photoelastic testing in
their unloaded state after machining. The residual stresses were
negligible. Geometrical survey conducted on a TESA CMM
yielded a maximum form deviation of 0.08 mm, which was
deemed quite satisfactory given the overall large scale of the
models and the required accuracy.

Experimental Verification

A comparative study was carried out between the structural
properties of the standard trochoidal-filleted teeth generated by
hobbing and the proposed circular-filleted involute teeth. Five
distinct cases were examined for unshifted teeth with 9, 17, 24,
32 and 40 teeth, respectively. Results were general regardless of
module because of the non-dimensional treatment of the gov-
erning equations as explained in the previous analysis.

The test rig used for mounting and loading the tooth speci-
mens for photoelastic measurements is a customized design
produced in the Machine Elements Laboratory of the National
Technical University of Athens. The rig was mounted on a plane
polariscope equipped with mercury and sodium vapor lamps in
order to produce the various light wavelengths needed for the
measurements. The test rig is presented in Figure 4.

Results and Discussion

In the case of trochoidal-filleted teeth, the N = 9 teeth case
presented severe undercutting. The teeth were loaded at their
highest point of single tooth contact (HPSTC) and since it has
been established that the HPSTC for any given gear pair depends
only on the geometrical characteristics of the gear and on the
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Figure 5—Non-dimensional stresses vs. contact ratio for gears with
various numbers of teeth as predicted by BEM analysis and verified by
photoelastic experiment. Solid line: Trochoidal fillet (BEM analysis), Solid
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32 JULY/AUGUST 2006  GEAR TECHNOLOGY « www.geartechnology.com ® www.powertransmission.com



contact ratio of the pair, the analysis results can be plotted in the
form of non-dimensional stress versus contact ratio diagrams.
Module- and loading level-specific results can be extracted for
any given choice of parameters by use of Equation 6.

Photoelastic investigation confirmed the validity of the
BEM results. Maximum deviation was less than 5%, which is
deemed satisfactory. A superposition of the analytical and the
experimental results is presented in Figure 5 and shows good
agreement between the two. The effect of contact ratio was
modelled in the experiments by displacing the position and
angle of load application to correspond to the actual displace-
ment of the HPSTC in each case.

An additional simulation was carried out where all gears
were examined for interference during meshing. It was veri-
fied that no interference occurs when replacing the standard
trochoidal fillet with the novel circular fillet, making the solu-
tions geometrically and kinematically interchangeable without
any restraint.

Figure 6 presents a summary of the obtained increase in load
carrying capacity (decrease of maximum fillet stress) as calcu-
lated by the BEM calculations. The trend is quite clear and sys-
tematical. At N = 9 teeth, the trochoidal solution is at a severe
disadvantage because of the undercutting and normally such
gears are never produced. Use of the circular fillet allows for use
of such otherwise prohibitively low tooth numbers in addition to
its overall benefit of increasing load carrying capacity.

It is noted that the working tooth profiles remain identical in
standard trochoidal and in circular fillet teeth, so no change in
contact pressure takes place when switching to a circular fillet
design. Circular fillets purely increase bending strength.

Overall, the new circular fillet design fares better than the
standard trochoidal fillet design, especially in cases of pinions
with small tooth numbers. With larger tooth numbers, the differ-
ence between the two designs becomes smaller and tends to be
asymptotically zero when the number of teeth tends to infinity,
as in the case of a rack, where even the standard design gives a
circular fillet.

The proposed fillet geometry can be cut on conventional
hobbing machines or rack-cutting machines without the need of
special tooth number-specific milling tools. The generating rack
need only deviate slightly from the standard rack, as its tip must
be of an appropriate shape to generate the root fillet of the tooth.
This generating process is simulated in Figure 7.

As it is usually pinions that undergo the higher bending
stresses developed in the gear pair during meshing, the same
generating rack can be used to cut the mating wheel teeth,
although their root fillet geometry will not be strictly circular
as for the pinion. Still, initial trials performed by the authors
suggest that wheel teeth produced in this way will also exhibit
increased strength compared to the conventional teeth generated
with the standard circular tipped rack/hob.

Conclusion

A new circular fillet tooth design was proposed to replace
the standard tooth designs currently produced by hobbing and
other generation processes. The design and verification process
comprised a full generation, simulation and verification cycle of
the new design, including design of hob cutter fillet geometry,
simulation of the generation process, calculation of fillet stress
and strength evaluation and comparison with standard gears
using BEM, manufacture of gear tooth samples and static load
carrying capacity testing of generated gears by measuring maxi-
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Figure 6—Calculated increase in load carrying capacity granted by circular
fillet.

Figure 7—Schematic of the hobbing process for the production of a circular
fillet.

mum fillet stress using photoelasticity.

The results show that the proposed solution achieves superi-
or performance, especially at small tooth numbers, where under-
cutting otherwise becomes a serious issue, while maintaining
full interchangeability with the current trochoidal fillet designs.
In particular, no change is made on the involute working profile
itself, so mesh kinematics and contact stresses (pitting resis-
tance) are not affected at all.

The new design inherently dispenses with the undercutting
problems that hinder the use of low tooth numbers (typically less
than 17) and can be easily manufactured using standard involute
hobbing tools with special tip design. The shape of the required
modified hobbing tools was calculated and the generation
process was shown to be no more complicated or demanding
than that used currently for the production of standard gears. ik

Republished with the friendly permission of VDI from: VDI-
Gesellschaft Entwicklung, Konstruktion, Vertrieb (Editor),
International Conference on Gears, Vol. 1, VDI Report 1904,
VDI-Verlag, Diisseldorf, Germany, 2006, pp. 927-941 (first
publication).
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The Lubrication of
DLC Coated Gears with
Environmentally Adapted
Ester-Based 0il

B. Krzan, M. Kalin and J. ViZintin

Management Summary

The development of new transmissions and gearboxes is characterized by increasing levels
of torque and power, improved efficiency, increased life expectancy, prolonged service intervals,
reduced amount of lubricant, and more stringent noise and environmental requirements. The
environment, as a new factor in the design process, increases the focus on product improvements
that are designed to avoid environmental problems before they occur. Surface coating is one of the
future technologies for improving performance of case-hardened gears.

A main limiting factor in extending the use of hard coatings to machine component application
is the lack of knowledge about how these inert coatings perform under lubricated conditions using
today’s lubricants, which were originally designed for steel/steel contact situations. The influence
of ester-based lubricant on the scuffing capacity of WC-containing DLC coated spur gears was
evaluated in a non-standard FZG test procedure. The properties of the formulated ester-based
lubricant were investigated in comparison with conventional mineral gear oil. The results show
that under present conditions, W-DLC coated gears could provide satisfactory wear resistance for

moderate loads.

Introduction

Generally, gears for power transmission
drives use lubricants based on petroleum-derived
base stocks. With the rapid advancement of gear
design and manufacturing technology, gearboxes
have become smaller, and output power has
increased significantly. The net results are higher
contact stresses, higher speeds and lower amounts
of lubricant. With the decreased oil capacities, the
lubricant must provide appropriate lubrication at
higher operating temperatures, more effective
cooling
Therefore, selecting high performance lubricants
becomes more and more important. Moreover,
there is also a clear trend to use lubricants that

and suspension of contaminants.

cause less harm to the environment.

The current view is that depletion of scarce
resources and increasing environmental pollution
cannot continue for the next 50 years as they have
in the past 50, without drastically affecting our
quality of life. Use of environmentally adapted
lubricants is one of the strategies to avoid
environmental problems before they occur. Very
good or even superior technical performance
of some esters combined with very favorable

ecological properties enable the formulation of
high performance lubricants with extremely low
evaporation rates, very high viscosity index and
good boundary lubrication characteristics.
Diesters, polyol and complex esters are
biodegradable in terms of one of the internationally
recognized test methods, and they have low
aquatic toxicity. Their advantage is also that they
can be partly derived from renewable resources,
including vegetable oils and animal fats. From an
ecological point of view, the prospects for using
renewable raw materials are favorable, provided
the full potential of natural synthesis by means of
energy from the sun is used. The production of
vegetable oils constitutes a cycle in which no net
release of carbon dioxide occurs (Refs. 1-2).
During recent years, significant progress
has taken place in the development of advanced
coatings used in tribology technology. The unique
tribological properties of diamond-like carbon
(DLC) films, such as low friction, high wear
resistance and low deposition temperature, have
made them very attractive for machine element
applications. DLC films doped with metal (Me-
C:H) have advantages over pure carbon coatings
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as internal stress is reduced and adhesion to steel
substrates is improved. Beside tools and dies,
diamond-like and related coatings are starting to
find application in some mechanical component
applications, including bearings and gears. They
provide a great opportunity to improve durability
and to reduce frictional losses of machine
components (Refs. 3-4).

The present work attempts to combine the
excellent friction properties of W-DLC coating
with the established lubricating abilities of ester-
based lubricant for improving gear performance.
The modified FZG scuffing tests were carried out
to investigate and compare the scuffing capacity
of uncoated steel gears and W-DLC coated gears,
lubricated with conventional mineral gear oil
and an environmentally adapted ester-based
formulation.

Experimental

Test equipment. The
performed on an FZG back-to-back test rig. Test
conditions were similar to the standard procedure
for load carrying capacity of lubricants according
to ISO DIS 14635-1 (Ref. 5).

The test oils were subjected to the load,
increased through 12 load stages, defined in the
abovementioned standards. Duration of each load

gear tests were

stage was 20 minutes (29,000 revolutions of the
motor) at constant pinion shaft speed of 1,450
rpm. Starting bath oil temperature in each load
stage was 50°C and was allowed to rise freely
during the test. As the duration of load stages was
prolonged with regard to the standard A/8.3/90
test procedure, the total work transmitted by
the test gears up to the end of load stage was 25
percent higher. At the end of the last load stage,
total work transmitted was 184 kWh.

The gear teeth flanks were visually examined
after each load stage for cumulative damage, in
particular scuffing marks and excessive wear.
Also, test gears were weighed to the nearest
milligram after every third load stage.

The method used for
evaluation of the wear particle concentration was
direct reading (DR) ferrography. DR ferrography
magnetically separates wear particles
lubricants and optically measures the relative

the quantitative

from

concentration of particles present in the oil
sample. The instrument is able to detect particles
in the length range of 1-300 mm.

Test gears. Test gears were standard FZG
type “A” spur gears. The test gears were designed
with a large profile shift, which increases their

sensitivity to adhesive wear modes of failure.

Uncoated test gears were made of DIN
20MnCr5 steel and were case carburized. The
surface hardness after tempering was 60—62 HRC,
with a case depth of 0.6-0.9 mm. The surface
roughness was R = 0.35 um for the pinion and R
= 0.30 um for the wheel.

The W-DLC coatings were deposited onto
case-carburized type “A” spur gears by using
a magnetron sputter deposition process, at a
substrate temperature of about 200°C. The
microhardness was about 1,200 HV. The primary
coating constituents included W, C and H, with
Cr used as a thin adhesion layer (150 nm). The
coating thickness of the W-DLC layer was
typically 1 um at the root of the gear teeth and 2
um at the tip.

Lubricants. The test lubricants were a
complex ester formulation and a conventional
mineral-based ISO VG 68 gear oil. Physical and
chemical properties of the test lubricants are
summarized in Table 1.

The saturated complex ester was composed
of multifunctional synthetic alcohol,
petrochemical di-acids and some short chain
(C8—C10) fatty acids from natural resources. The
complex ester used as a base stock was nearly

some

non-toxic for aquatic organisms and, according
to the OECD 202 method, was classified as
relatively harmless. Primary biodegradation in
the CEC-L-33-A-93 test was 76.7% and ultimate
biodegradation in the OECD 301F test was
62.2%. The degradation results identify a material
that can be rapidly and extensively biodegraded
in the environment.

Esters are inherently good boundary
lubricants. However, some performance additives
are still necessary. The additive system selected
was based upon ashless components with mild
EP being provided by an organic phosphorous-
based chemistry. The EP additive was an amine

Table 1—Test Lubricants.

Property Unit Test method
Density kg/m3 IS0 12185
Viscosity @ 40°C mm?/s ISO 3104
Viscosity @ 100°C mm?/s ISO 3104
Viscosity index IS0 2909
Pour point °C IS0 3016

Elemental compositon | %m/m
phosphorous PML 07.18 (int.)

sulphur I1SO 14596

Mineral oil
formulation
887
68
8.6
96
27

0.022
1.0

Ester
formulation
921
48
8.0
138
<—42

0.101
0.158
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Figure 1—Wear measurement results for uncoated steel gears: a) lubricated with the mineral oil,
b) lubricated with the ester formulation.
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Figure 2—Wear measurement results for W-DLC coated gears: a) lubricated with the mineral oil,
b) lubricated with the ester formulation.
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Figure 3—Bath oil temperature after the completion of load stage.

neutralized phosphoric acid ester, a common
type of general purpose EP additive. The AW
additive was a dialkyl dithiophosphate ester.
Each additive was blended with the complex
ester in the concentration of 1% (wt).

According to the gear manufacturer, the
reference petroleum-based oil is recommended
for heavily loaded gearboxes with surface
hardened tool metallurgies. The mineral oil’s
viscosity was made one ISO viscosity grade higher
than that of the ester-based oil to compensate
for the effect of viscosity index difference, thus
achieving about the same viscosity for the oils
at working temperature (see Table 1), which was

roughly around 100°C at higher loads.
Results

The most informative method for plotting
wear results was found to be cumulative plots
of the test gears’ weight loss and wear particle
concentration on the same graph with the
reference to the total work transmitted and the
FZG load stage.

The results of the scuffing investigations
for the steel test gears are presented in Figure
1. It is evident that the scuffing load capacity of
the ester formulation is higher compared to the
mineral oil formulation. For the mineral oil, the
weight loss of the test gears is within acceptable
limits until 140 kWh of total work transmitted
was reached. At 184 kWh, the cumulative weight
loss of pinion and gear equals 610 mg, and all
pinion flanks were damaged. With the ester
formulation, the test gear’s weight loss is much
lower. After the test, the cumulative sum equals
only 18 mg, and just a few scoring marks above
the pitch line could be noted. The wear particle
concentration results follow the gears’ weight
loss trend for both oils. The rate of wear particle
concentration for the mineral oil gave rather high
values, especially after the 6th load stage.

The wear results for W-DLC coated gears
are presented in Figure 2 and show a steady,
progressive increase in the test gears’ weight loss
and wear particle concentration for both oils.

Use of the ester formulation resulted in
higher weight loss, while the wear particle
concentration was lower compared to the mineral
oil formulation. For ester formulation, scuffing
marks became visible after 8 kWh of work
transmitted and started at the root and later at
the tip of the pinion teeth. After 15 kWh, most
pinion tooth flanks were slightly polished. The
first breakthrough of the W-DLC coating was
observed at the root of the pinion after 26 kWh of
work transmitted. For the mineral oil formulation,
the coating breakthrough started at the same time
after 26 kWh of work transmitted, but visible
damage was more severe. Developing scoring
damage was observed during the subsequent runs
for both oils. After the test, the pinion flanks were
polished, and the W-DLC coating was totally
worn through at the root of the pinion.

Figure 3 shows the increase of bath oil
temperature at the end of each scuffing load stage
for both oils with uncoated steel and W-DLC
coated test gears. The temperature increases
steadily with the applied load for the oil and
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material combinations. Tests with the W-DLC
coated gears resulted in lower temperatures,
suggesting the surface tooth flank material is a
stronger influence factor on temperature rise than
lubricant used. The lowest oil bath temperature
was found for the W-DLC coated gears lubricated
with the mineral oil formulation.
Discussion

Wear results for the mineral oil formulation
suggest that scuffing capacity is strongly
influenced by the surface material of the test
gears (see Figures la and 2a). The mineral oil
and steel gear test combination exhibited the
highest wear. Visual inspection of the pinion
tooth flanks indicates the failure in the 12th load
stage after 184 kWh of work transmitted. On the
other hand, the mineral oil in combination with
W-DLC coated gears resulted in significantly
lower wear and passed the 12th load stage. In
contrast, when using the ester formulation, wear
results for steel and W-DLC coated gears are
comparable and of lower magnitude.

Additional information about wear mode
and mechanism could be obtained with the
analytical wear particle analysis. Wear particles
are the final product of surface damage, and
their shape, morphology, size and concentration
can give some information on the mode and the
mechanism of wear. The wear particles are first
fixed to a glass slide and then analyzed under an
optical microscope.

Figure 4 displays the particles separated
from the mineral oil formulation, and Figure
5 displays the particles separated from the
ester formulation after 146 kWh total work
transmitted, which is equivalent to the 11th test
run in the modified FZG test procedure. Figures
4a, 4b, 5a, and 5b present typical wear particles
from the entry region of the glass substrate.
Particles at this location are typically the largest
particles separated from the oil because the
magnetic force, which attracts the particles, is
proportional to the volume, whereas the viscous
resistance of the particles to motion in the fluid
is proportional to surface area. Comparing the
photos, it is evident that wear particles obtained
from the tests with W-DLC coated gears are
larger than wear particles from the lubricants
tested with uncoated steel gears. It can also be
observed that wear particles from mineral oil are
larger than particles from the ester formulation
for both gear tooth flank materials.

The larger size of the wear particles separated

Figure 4—Entry region of the glass slide made from the mineral oil, magnified 500 times: a)
uncoated steel gears, b) W-DLC coated gears, and c) W-DLC coated gears—the largest cutting
wear particles.

Figure 5—Entry region of the glass slide made from the ester formulation, magnified 500 times: a)
uncoated steel gears, b) W-DLC coated gears, and c) W-DLC coated gears—the largest cutting
wear particles.
from the mineral oil formulation for steel gears
is expected because the coefficient of friction for
ester-based lubricants and steel contact surfaces
is typically lower (Refs. 6-7). The lower bath oil
temperature (see Figure 3) also indicates the lower
coefficient of friction for the ester formulation.
Even though the particles found in different
gear material combinations discussed above are of
different sizes and compositions, most of them are
flat flakes having irregular shapes and generally
featureless  surfaces without characteristic

www.powertransmission.com « www.geartechnology.com ® GEAR TECHNOLOGY ® JULY/AUGUST 2006 39



Figure 6—Glass slide made with the mineral oil from the test with the W-DLC coated gears, after
146 kWh work transmitted, magnified 500 times: a) large particles, b) the largest particle, and c) the

largest particle, magnified 100 times.
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geartechnology.com

striations indicating severe wear. In fact, this is
the morphology observed for the majority of wear
particles larger than 15 um. This implies that the
particles were all produced by the same wear
mechanism. However, wear particles produced
by the interaction of two component surfaces,
such as gear teeth, are subjected to continuous
high contact pressures and would therefore have
a strong tendency to be flattened and smoothed
by the forces acting on them. This process would
account for the typical particle morphology
observed and suggests considerable alteration
to wear particle morphology occurs after the
particles are produced.

Another characteristic group is cutting wear
particles, presented in Figures 4¢ and Sc. Cutting
or abrasive wear particles are produced by the
penetration, ploughing or cutting of one surface
by another. They take the form of miniature
spirals, loops and bents. Their presence is
abnormal. These types of particles are found only
on the glass slides from the tests with the W-
DLC coated gears. They are not found on slides
made with lubricants obtained from the tests with
steel gears. Also distinctive are very large flat
particles obtained from the test with the mineral
oil formulation and W-DLC coated gears. Figure
6 shows the largest particles separated from
the oil. They ranged from 70-125 mm in major
dimension, indicating a severe wear mode.

Very large wear particles and the presence of
abrasive particles indicate the wear mechanism for

uncoated and W-DLC coated gears is different.

For the W-DLC coated gears, the wear probably

started under the surface, while the prevailing

wear mechanism for the uncoated gears is

adhesive wear that started from the surface.
Conclusions

The following conclusions can be derived
from this study:

1.) In tests with steel gears, the ester-based
formulation resulted in higher scuffing load
capacity than the mineral oil formulation.

2.)  The scuffing performance of the mineral
oil and W-DLC coated gears is significantly
improved compared with the steel gears. However,
some particles exceeding 100 ym in the major
dimension indicate a severe wear mode. With the
ester-based formulation, the wear rates for steel
and W-DLC coated gears are similar.

3.)
stronger influence factor on temperature rise than
the lubricant used.

4.) The wear mechanism for uncoated and
W-DLC coated gears is different. £¥

The surface tooth flank material is a

Republished with the friendly permission of
VDI from: VDI-Gesellschaft Entwicklung,
Konstruktion, Vertrieb (Editor), International
Conference on Gears, Vol. 2, VDI Report 1904.
VDI-Verlag, Diisseldorf, Germany, 2006, pp.
1345-1353 (first publication).
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Rod Kleiss

Figure 1—A molding insert tool alongside the molded gear and the gear cavitiy.

Molded plastic gears have very little
in common with machined gears other
than the fact that both use the involute
for conjugate action. The differences are
quite fundamental. Machined gears are
cut to size with specialized machinery
designed specifically for the task. Molded
gears are formed in gear cavities that are
usually cut with wire electrical discharge
machines (EDMs). A molded gear, its
cavity and the molding insert tool are
shown in Figure 1. These cavities are
sized so that the molded gear will shrink
to the proper size after molding. One
cavity might be expected to form more
than a million molded gears.

How to Achieve a
successful Molded Gear Transmission

A gear cutting manufacturer is
charged with the task of cutting gears
within tolerance with every piece made.
The gear mold manufacturer is charged
with the task of making one nearly perfect
gear cavity and then processing each
gear from that cavity within tolerance
for every piece made. This small but
significant difference leads to many other
variations. The differences begin as soon
as the choice for molded gears is made.

Design

Molded gears invariably must operate
in molded housings. This single fact
has significant consequences. Molded
housings and the shafts in them are rarely
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going to have the precision tolerances that
amachined transmission can provide. The
housings and gears will shrink and expand
due to moisture and temperature, perhaps
at different rates. The strength, hardness,
and even efficiency of the plastic material
will also vary due to local conditions.
Surface tooth temperatures will rise under
load, affecting plastic properties. These
variables and others dictate a need for
custom design of gear teeth.

The advantage the plastic gear
designer has is in the application. Most
plastic transmissions are unique. A gear
mesh can be designed strictly for its
intended function with a single mating
gear (Fig. 2). Additionally, the molded
gear can be optimized with very little
regard for tooling (Fig. 3).

Wire EDMs can generate machined
patterns with the precision of computer
aided design. A gear cavity can be made
with micron tolerances. Given the fact that
traditional hobs are not required, diametral
pitch or module are not important
specifications. The involute base circle

Y - [y 1
N ¥ | - I T | -_.I
= " :---'I b7
oy s, - =¥ — S
= A = A i S VS <4
> LA VAV I
[ "-\. -—_': |__7'I.I.I — I-\. '."-_ _"-"II | e
= s b = — NE o —
—_— —_— l_\.
; | .I' — e I e
o e o L. | ot | 1
il 1T : i ff
f S
WY/ WEAY
— | SR
= e - ) i
FURY LA md
Standard Gear Set Shape Formed Gear Set

Shared Attributes:

Center Distance: 0.75" minimum Gear Ratio: 2 to 1 (24 to 12 teeth)

Differences:

Standard Gears: Shape Formed Gears:

24 Diametral Pitch 0.11865 Base Pitch

20° pressure angle 25° operating pressure angle

0.06545 tooth thickness (both gears) 0.070 pinion tooth thk’ns/0.061 gear tooth thk’ns

Max contact ratio: 1.15 Max contact ratio: 1.59

Max center distance variation: + 0.022" | Max center distance variation: +0.032"

Figure 2—Comparison of standard gear mesh to custom shape formed gears.

Figure 3—Molded gears can be made in many forms and varied sizes. A very fine pitch gear is shown in the larger image.
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Figure 4—Distinct shrink rates for general plastic gears.

Figure 5—The involute shrinkage of a molded gear.
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Figure 6—Typical errors in a molded part.

is the variable of importance. Pressure
angles can be adjusted in an analog
fashion to balance strength and depth
of tooth engagement. Custom designed
gears will offer a great improvement in
performance, quietness,
tolerances over standard gearing.
The Gear Molding Tool
With the gear mesh designed
and toleranced, the next step is tool
construction.

and allowable

Gear tooling must be
precise, with excellent thermal stability,
hardened sleeves and surfaces, exact gear
cavity formation, and designed for high-
pressure injection molding. The gear
cavity itself must be specifically designed
for the selected molding material.

There is no way to accurately predict
the actual shrinkage for molded plastic
gears in a specific application. This is due
to a number of factors. Most importantly,
plastic does not shrink from the cavity in
an isotropic fashion (Fig. 4). The main
body of the gear will shrink in a manner
that may be similar to manufacturer’s
but the individual tooth
is surrounded by steel and its cooling
pattern will differ from the macroscopic
pattern of the larger mass (Fig. 5).

A good method to determine shrink
requires a two-step approach. Shrink
factors are estimated for the gear in
After the tool is made and

estimations,

question.
the first gears are molded, they are then
profile-inspected  for
geometry. The individual shrink rates are
then determined, a new cavity is made to
the measured shrink, and the final gear
geometry is properly sized. Only profile
inspection will be able to accurately
determine involute shrinkage. Gear roll
testing may give some idea of shrinkage
anomalies, but it can also be misleading.
Sometimes heavily glass-filled ma-
terial is selected for gears due to its low
shrink rate. Shrinkage then becomes
less of an issue in mold design. But this
approach can cause its own problems.
Unfilled engineering resins,
nylon and acetal, mold into very precise
shapes,
filled materials will have knit lines where
injection flow fronts merge. These knit

exact involute

such as

albeit with shrinkage. Glass-
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lines can cause distortion at the tooth
surface as well as localized weak spots on
the gear (Fig. 6). Glass-filled gears will
generally be much more abrasive during
their life than equivalent unfilled gears.
Generally, filler should only be used
when a specific need has been established
that outweighs potential problems.
Mold Processing

All molding is not equivalent. All
molding machines are not equivalent.
Gears require mold processing that is
exact and repeatable. In general, virgin
resin is used for high accuracy gears.
Even with virgin resin, the material must
be of correct dryness; its melt temperature
must be controlled exactly and must be
repeatable. Injection pressures must be
established precisely. The interaction of
the mold tool and process control must
also be taken into account.

As plastic is injected at high
temperature and pressure, the melt must
displace air in the gear cavity. Vent paths
must be created to allow air to escape, yet
thin enough to stop the resin from venting
as well. If the vents are too small, gas will
be trapped and burning could result. If the
vents are too big, plastic melt will flow
through and cause flash on the part.

It is often advisable for the gearing
customer to visit the molding facility
before placing the final order. Just a cur-
sory inspection of molding equipment,
general plant cleanliness, inspection
capabilities
to evaluate the facility’s potential for
successful molding and control. For
instance, it will be very difficult to mold

and personnel can help

precision gears in a non-temperature
controlled Molding
precision gears in 90% humidity at 100°F
is fraught with difficulty.
Inspection

Over the years, gear inspection has
been refined to pinpoint most errors that
create trouble in gear cutting. A profile

environment.

scanning inspection of the involute
profiles is usually done for only a few teeth
around the gear. Metal gears are produced
on turning machinery, and patterns can
be expected from tooth to tooth. Plastic

molded gears can have large solitary
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Figure 7—A poorly shrunken plastic molded gear.

errors anywhere on any surface of the
gear. Furthermore, the molding process
can introduce a much different kind of
error than in traditional manufacture.

Since any molded gear will shrink,
the involute profile is a target, not a given
value. Whether one considers diametral
pitch, module, base pitch, pressure angle
or any other involute feature as the
controlling geometry, this feature will be
avariable in the actual part. It is necessary
to set realistic tolerances for these truly
variable features.

The only way to be certain that a
plastic molded gear is within tolerance
is by scanning the involute profile and
determining the actual physical geometry
of the gear. The molded part can be
completely out of specification and still
produce acceptable roll test results. Figure
7 shows a profile inspection of such a




Table 1—Suggested Gear Data Specification for Molded Plastic Gears.

Number of Teeth

Base Pitch (Basic Dimension)

Base Circle Diameter +/-
Base Circle Tooth Thickness +-
Root Diameter** +/-
Outside Diameter +-
Involute Form Diameter max
Tip Radius max
Center Distance with Master Gear TBD
Master Gear Specification TBD
Tooth-to-Tooth Composite Error max
Profile Form Tolerance (fi) max

**Root trochoid must be directly generated. (Re: AGMA standard 1006-A97, Appendix F)

Operating Data

Nominal Operating Diametral Pitch

Nominal Operating Mesh Angle

Nominal Operating Tooth Thickness

gear. The involute base circle was very
far off the defined value. The gear had
64 teeth, and a master used to measure
the gear had 64 teeth. With such a large
number of meshing teeth in roll testing,
there was almost no tooth-to-tooth error.
The gear simply appeared large, even
though the base circle was small. The
molder thinned the teeth, brought the gear
into good specification with a roll test, and
supplied parts to the customer. The parts
immediately failed when meshed with a
cut metal gear of correct size.

To prevent this type of error, the gear
must be completely specified with each
variable toleranced. One such method is
recognized by the AGMA in the recently
completed Information Guide for
Inspection of Molded Plastic Gears. This
specification layout is shown in Table 1.

Suggested Gear Data Specification

for Molded Gears

In the AGMA approach, the base
circle geometry of the gear is used as
the fundamental control. The indirect
specification of diametral pitch and
pressure angle are included in the
operating data field as a reference for
traditional analysis.

Gear roll testing is almost always
the best way to assure consistency of the
molded part in production. Rather than

simply describe allowable total composite
error (TCE) or tooth-to-tooth error (TTE),
the actual center distance with a given
master can be specified with indicated
+/— tolerances (Fig. 8). This will provide
an easy method to assure that the gears
are molded consistently day after day.
Roll tests of sample gears can be gathered
to assure both the general form and the
absolute size of the gears are within
tolerance. Roll testing for plastic gears is
more like establishing a roll test signature
and confirming that the parts conform to
that signature day after day.

The future for plastic molded gears is
quite promising. Materials are improving
greatly. Molding machinery is becoming
more accurate. Inspection equipment
is now capable of measuring these
unique parts with great precision. In the
future, plastic can be expected to replace
metal gears in lighter duty applications.
Companies continue to find uses for
plastic gears in areas that cannot be served
by metal gears.

In order to reach these new potentials,
every step must be taken correctly and
every advantage exploited. The result
will be a remarkable new generation of
power transmission products. O
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Figure 8—Typical roll test signature of 10 molded gears.
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AMIEXDECES)INCrease
i Attendees over-2004

i
- IMTS 2004 brought just over 86,000 attendees to Chicago.
Show organizers expect more than 90,000 this year.
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IMTS 2006: Just the Facts
September 6-13, 2006
McCormick Place, Chicago, IL

Sponsored by
The Association for

Manufacturing Techology

Pavilions:
» Abrasive Machining/Sawing/Finishing
» Controls & CAD/CAM
+ EDMs
* Fluid Power
* Gear Generation
* Machine Components/Cleaning/Environmental
* Metal Cutting
* Metal Forming & Fabricating/Lasers
* Quality Assurance
» Tooling and Workholding Systems

Hours:

Lakeside Center: 9:00 a.m.—5:00 p.m.

North & South Buildings: 10:00 a.m.—6:00 p.m.
Sunday, September 10, hours for all buildings will be
10:00 a.m.—4:00 p.m.

Lines at McCormick Place’s Starbucks concession stand
will probably be a little longer at IMTS 2006, but the show’s
organizers won’t be complaining.

John Krisko, exhibitions director at the Association for
Manufacturing Technology, says this year’s show should have
some 90,000 attendees.

“Business conditions have improved, and we’re basically
sold out for exhibiting,” says Krisko. “We’ve already surpassed
our 2004 floor space and exhibitor numbers.”

The association has been working for the past few years to
ensure that show traffic reflects the growth of manufacturing in
the Far East. To this end, the AMT has made presentations at
the U.S. Department of State as well as the state departments of
countries like China and India to familiarize the various foreign
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If you want to produce parts like these, your best choice is

Leistrit=
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Internal X
Whirling Profile

Rolling

Visit us
IMTS Show

2006
Booth #B-6729

External

Whirling Keyseating

201 934-8262 www.leistritzcorp.com
Leistritz Corp. 165 Chestnut Street Allendale, NJ 07401
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bureaucracies with the show’s mission.

“We’ve initiated presentations for the state department
in India and China as well as our own in D.C.,” Krisko says,
“so that they know what our show is all about. Ultimately, that
should make it easier when they encounter citizens in their own
countries who would like to go.”

Crash Course in Manufacturing for Students

Whether from the Far East or the Midwest, a portion of the
show traffic will be younger this year. The AMT sponsors a
student summit at the show, so high school and college students
can view the exhibits and interact with manufacturing personnel.
In 2004, more than 6,000 students and educators worldwide took
part in the student summit, which opened with an orientation on
careers in manufacturing.

Steve Glasder, a teacher at East Leyden High School in EHHUHH EEAHS — Ten or Ten Thousand

Franklin Park, IL, brought 93 students to the student summit in For small to medium guaniiies of spurs o helicals that have to
. miest close-tolerance AGMA or DIN spece, cur Relshauer grinders
2004 and commented that they saw more in one day at IMTS and M&M gear anatysis syslems are the perfect combination.
than he could hope to expose them to during the three-year For Long runs, we offer the unique Lisbherr CBN grinding
procass with full SPC guality condrol and documentatsan.

Lo whether your nesds are for ten of fens of thowsands, we

LN N I NN

machine tool program at the school.

Registration is free, and interested students and educators inita you to join tha growing list of INSCO customars wha rely an
are encouraged to visit the show’s website for additional us tor corsistant quality, reasonable costs, and relable delivery.
information. 7 % PHOKE: 978-44R-6360

Emerging Technologies J Fax: 978-448-5156
— Help Manufacturers Stay Competitive L ] - WEE: Inscocorp.com

Even the IMTS visitor who has been in the industry for 9 m 417 Main Sieet, Grrodon, Messachaseis 01450
o ORI
decades occasionally feels the need to “brush up.” The Competi- }
tive Manufacturing Conference focuses on information

150 9001 Registered

designed to keep manufacturing companies current and

competitive. Conference topics include smart machining, ’*
nanomanufacturing, —micromanufacturing, additive manu-
facturing, lean manufacturing practices, case studies, outsourcing \

strategies and collaboration tools.

In addition, the Emerging Technology Center will showcase GAGING SOLUTIONS
research in the field of manufacturing. When it debuted in 2004,
the Emerging Technology Center aimed to create a link between
research institutions and real-world manufacturers. Included in
2004’s ETC were representatives from Penn State University’s
Machine Dynamics Lab, the Center for Intelligent Maintenance
Systems at the University of Wisconsin-Milwaukee, the
University of Toledo College of Engineering, the Y-12 National
Security Complex, and the National Science Foundation
Engineering Research Center for Reconfigurable Manufacturing
Systems, to mention a few.

Registration Perks
Show organizers have arranged discounted rates at downtown

* 10% or less G.R.&R...Everytime

hotels. Groups seeking 10 or fewer rooms are invited to book * Laser Measurement
online on the IMTS website. Accommodations for groups ° ngh Speed Vision
requiring more than 10 rooms are handled by Connections e Custom Gag|ng
Housing. More details are available by calling (800) 262-9974 e D.o.D. Certified

or by e-mail at monika @ connectionshousing.com.
DIGIT Gaging Solutions, Inc.
1819 Troy Street ¢ Dayton, OH 45404

. . . . Ph: (937) 237-7973 i igi d
on any of the airlines in the Star Alliance. Both domestic and Fax:((93;) 237.8781 'WS g:g::g:g::ggm

Domestic travelers receive a 10% discount on United Airlines

flights. International visitors are offered special discounts
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GEAR CUTTING TOOLS =

international attendees can obtain the special prices using the
same discount code: UA012S6.

Registration before August 4 is $25 per person. After August
4, registration is $50. Online registration closes Sept. 4.

Groups of five or more that register at the same time are
charged $15 per person until August 4.

International registration is free for manufacturing industry

personnel.

'/‘ S c H “ Y ' R CORPORATION
PHONE 630-595-7333
GEAR CUTTING TECHNOLOGY Fax 6306957343

www.hanikcorp.com

60 YEARS OF TOP TECHNOI.OGY email: hanikcorp@aol.com

ph: 011-41-32-344-0400 * fox: 011-41-32-344-0404 * www.schnyder.com * mail@schnyder.com

Metal-on-Metal Action
Comedy Central fans will be able to get their BattleBots
fix while at IMTS this year. Robots will face off gladiator-
TOPOLOGICAL GEAR GRINDING style, and participants can handle the controls at the
BattleBots IQ Booth D-4168.
A popular TV show, BattleBots first aired in 1999,
featuring dueling homemade robots squaring off with help

from rocket scientists, Hollywood special effects artists and
die-hard fans.

BattleBots 1Q, an educational program that includes
curriculum, teacher training and a robotics competition, will
be exhibiting at IMTS. BattleBots IQ was developed as a
result of the TV series.

Advanced topological gear gnnding, besed on MAAG OF

grinding sysiam.
With levals up ta CHE.
Applicatde for; - Shaving cutters
- Dresaing tools
- Prolotype gears
- Masier gears
- et
Rapressniitiv LISA: Donner + Plister
W' — Em",:. m_.u,m Comment on this article by sending e-mail to
gaarmeAiErordinmat re www dpag.ch  infoicpag.ch publisher@geartechnology.com
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EVENTS

UTS Teaches Fundamentals to

Optimization in its Metal Gear Course

Teaching gear designers about modifications for optimizing
gear sets is the goal of “Metal Gear Design & Manufacturing”
and is described by instructor Jim Marsch as the course’s “most
useful aspect.”

Offered by Universal Technical Systems Inc., the class starts
with a fundamental understanding of spur and helical gears and
continues with discussion of topics like standard proportions,
quality and gear design, but Marsch teaches them with a par-
ticular end in mind.

“What I’m leading up to is modifications,” he says.

And what Marsch teaches is how to modify gears for greater
load carrying capacity while still using standard forms. He also
instructs students in the compromises that have to be made dur-
ing modification, so they understand: “Not everything can be
optimized at once.”

But fundamentals first. The four-day course provides attend-
ees with a basic understanding of involute spur and helical gear
geometry, teaches them to apply gear design concepts in their
work and helps them develop a working knowledge of gear soft-
ware tools available from Universal Technical Systems. UTS
provides software and consulting services for plastic and metal
gears and holds the course in its headquarters in Rockford, IL.

Each student receives a 180-page course book with copies
of slides from Marsch’s PowerPoint presentations, as well as
copies of problems and final reports on each problem. Also,
students will be able to obtain older course material, from
before UTS created Integrated Gear Software, its suite of gear

design software. The instructor, Marsch, offers the material for
its example problems. He also offers students a CD containing
a presentation on planetary gear design.

Marsch himself is UTS’ gear product manager. He’s a gear
engineer with more than 35 years of experience, including 12
years with Allis-Chalmers, where he designed agricultural trac-
tor powertrains, and 22 years at Harnischfeger Corp., where he
designed powertrains for cranes.

Besides classroom work, the course includes tours of two
gear-industry companies in the Rockford area: Gleason Cutting
Tools Corp. and Forest City Gear. Marsch takes students on a
tour of Gleason Cutting Tools because: “I think it’s very impor-
tant for them to see the tools and how they’re made.” He takes
them to Forest City Gear, a fine- to medium-pitch gear shop, so
they can see how gears are cut, ground and inspected. “Most
of the people who come to class have never seen gears cut,”
Marsch says.

At the end of the course, students are able to meet one-on-
one with Marsch for an hour to discuss individual gear problems
and questions. Attendees interested in one-on-one time should
bring their prints and design problems.

Also, after registering for the course, attendees have free
access to “Fundamentals of Gearing,” an e-learning course from
UTS. The online course is meant to teach basic gear design and
manufacturing theory. The course provides explanations and
formulas, graphics and animations for illustrating gear geome-
try, a glossary of gearing terms, and the ability to perform many
calculations online using RuleMaster software, a Web version
of UTS’ TK Solver program, which is the calculation engine for
Integrated Gear Software.

The Web material includes a training module, which UTS
describes as “a handy platform for experiments,” allowing users
to enter different sets of data and view the results to get “a feel
for the formulas.” The course includes quizzes, and users can
download course notes in PDF format and print them.

UTS will next hold the Rockford course Sept. 19-22. The
class is limited to 15 attendees, who share eight workstations.
As long as space is available, people can register for the course
as late as Sept. 18. The class costs $1,250 per person.

Attendees reserve their hotel rooms themselves. However,
UTS recommends the following hotels: Quality Suites of
Rockford, Clock Tower Resort, and Candlewood Suites.
Students reserving rooms at Candlewood can obtain a special
room rate by mentioning UTS training.

For more information:

Kari Johnson

Universal Technical Systems Inc.
202 W. State St., Suite 700
Rockford, IL 61101

Phone: (815) 963-2220

Fax: (815) 963-8884

E-mail: sales@uts.com

Internet: www.uts.com
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August7-9—AGMA’s Gear Manufacturing Technical Course.
Liebherr facility, Saline, MI. Taught by Ron Greene and Geoff
Ashcroft, the course covers gear theory, gear manufacturing,
hobbing and shaping and their tools, production estimating,
hard finishing, gear shaving and gear inspection. Tuition is
$750. For more information, contact the Gear Consulting
Group at (269) 623-4993.

September 11-15—AGMA Basics Course for Gear
Manufacturing.  Richard J. Daley College, Chicago, IL.
Course features nomenclature, principles of inspection and
gear manufacturing methods, including hobbing and shaping.
$750 for AGMA members, $850 for non-members. For more
information, contact the AGMA at (703) 684-0211 or by
e-mail at fentress@agma.org.

September 13-15—Basic Gear Noise Short Course.
Department of Mechanical Engineering, Gear Dynamics
and Gear Noise Research Laboratory, Ohio State University,
Columbus, OH. Fundamentals of gearing, noise analysis
and measurements are covered, and lectures are interspersed
with demonstrations of the GearLab’s measurement and
computer software capabilities. $1,450 for the basic course,
$2,200 for both the basic and advanced courses. For more
information, contact the GearLab at (614) 688-3952 or via
www.gearlab.org.

September 18-19—Advanced Gear Noise Short Course.
Department of Mechanical Engineering, Gear Dynamics
and Gear Noise Research Laboratory, Ohio State University,
Columbus, OH. This is directed towards individuals who
have already taken the basic course. The advanced course
will consist of lectures and hands-on workshops. Based on
student interest, course discussion may include subjects
such as computer modeling, transmission error prediction,
general system dynamics, bearing/casing dynamics and
others. $950 if taken alone, $2,200 for both courses. For more
information, contact the GearLab at (614) 688-3952 or via
www.gearlab.org.

September 18—19—Gear Failure Analysis Seminar. Big Sky
Resort, Big Sky, MT. Participants examine types of gear
failure, such as macropitting, micropitting, scuffing, tooth
wear and breakage. Possible solutions to these failures are
presented. Early registration is recommended, as the June
course was sold out. $645 for AGMA members and $820 for
non-members. For more information, contact the AGMA at
(703) 684-0211.

N.A. Woodworth

An /rv Workholding Company

“Quick-Pitch” Diaphragm

The new Quick-Pitch Diaphragm by N.A. Woodworth is designed specifi-
cally to provide quick and accurate part changeovers in a simple and eco-
nomical manner. Aimed primarily at gear families, the chuck also has
applications in hard turning and grinding operations where repeatability,
inter-changeability and roundness are a concern.

Half-turn Lock Retained

Visit us at
IMTS 2006
Booth # E2710

XY
L Nitrated Pins for Lon Life
- Sealed Design

Fixed Length Wedge Pin'lg
Requires No Adjustment

Wedge Pins Locate on Pitch Diameter
FEATURES:
* Jaw change in 60 seconds
* Accommodates any number of gear teeth
* Compliance for tooth space variation
* Optional synchronizing pins for auto-load
* Standard “pull-back” action
* Centrifugal force compensation for higher speeds
* Minimal maintenance, no sliding parts
* Light weight assembly

N.A. Woodworth Original
Radius Diaphragm

2002 Stephenson Hwy., Troy, MI 48083 - Phone: 800-544-3823 Fax: 248-743-4401
www.itwworkholding.com

V744 Workholding an 1SO9001:2000 Registered Company
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HEAT TREATING SPECIALISTS

Proudly announcing our

“STATE OF THE ART”

Vacuum Carburizing & Carbonitriding furnace
from Seco/Warwick.

This 36" W x 32" H x 72" L furnace comes equipped with the
FineCarb control system which optimizes the -carburizing,
diffusion, & quenching stages to obtain specific effective case
depths while minimizing distortion due to uneven heating and
cooling rates found in typical liquid quenching furnaces.

What this gives you,
the Gear Manufacturer, is a
HUGE COST SAVINGS
on Grinding costs and an
alternative to Press Quenching.
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Gearbhoxes Go Underwater to

Turn Tide's Energy into Electricity

Off the British coast,
a U.K. company has been
testing for three years a
prototype 300-kilowatt,
underwater turbine that
converts tidal energy into
electricity and is preparing
to install a second proto-
type, an underwater turbine
able to generate more
than one megawatt of
electricity.

Turbines fitted with
rotors have been used for
decades to convert wind
energy into electricity, but
they’re now being adapted
for offshore use under-
water, to take advantage of
another renewable energy
source: tidal currents.

The U.K. company
developing these proto-
types is Marine Current
Turbines Ltd., based in Bristol, England, but the company
developing the latest prototype’s gearboxes is Orbital2 Ltd. of
Llangammarch Wells, Wales. Orbital2 is a gear consultancy
for wind turbine, aerospace, automotive, industrial and marine
applications. It specializes in epicyclic gear transmissions, as
reflected in its one-megawatt turbine gearboxes.

Each of the new prototype’s two gearboxes has a first-stage
epicyclic transmission consisting of eight planetary spur gears
and a second stage consisting of four planetary spur gears,
followed by a parallel shaft output stage. All the gears are DIN
6 or better in quality.

Orbital2 created the gearboxes using a flexible pin design for
ensuring equal load sharing between the transmission’s planetary
gears and across the tooth face widths and for providing uniform
planet bearing loads. Frank Cunliffe, Orbital2’s managing
director, sees the flexible design as a virtue in marine turbines
because: “You can’t build infinitely stiff assemblies.”

Also, input speed is 14.3 rpm, and output is 1,000 rpm.
Cunliffe expects the turbine to run seven days a week, for about
20 hours a day: eight or nine hours in one direction and 11 or 12
in the opposite direction.

Each gearbox, generator and rotor combination will be
mounted on a winglike extension of the turbine’s monopile,
which will be set in a hole drilled in the seafloor and will extend
above sea level. Each generator will be able to create more than
500 kilowatts of electricity, and the axial-flow rotors will be able

Current Turbines Ltd.

Marine
is preparing to install its one-
megawatt prototype for testing its
ability to convert tidal energy into
electricity.

to turn via flow in either direction.

Though underwater, the extensions will be part of an assembly
that can move up and down the monopile, allowing the rotors
and generators to be lifted out of the water for maintenance.
Marine Current Turbines has started shore-based testing of the
new prototype and plans to install it in October in Northern
Ireland’s Strangford Lough. The turbine will be connected to an
electricity network, and MCT expects it will be able to supply
energy to about 800 houses.

MCT has designed its tidal turbines for erecting in water
with depths of 20-30 meters, but the company has ideas for
installations in deeper waters, in places with sufficiently fast,
continuous ocean currents.

“We’ve stayed in 20-30 meters to prove the technology,”
says Joe Verdi, MCT’s commercial director. Verdi is responsible
for developing the company’s technology for commercial use.

Proving the technology started in May ’03, when MCT
installed and began testing its 300-kilowatt prototype off the
coast of Lynmouth, Devon. Verdi says the turbine’s power
coefficient (C,) is on the order of 0.45.

A C, is a measure of the fraction of power in the fluid flow
that’s extracted by the turbine. An amount of energy is lost due
to natural forces, such as friction, so the turbine never extracts
all the power. In the wind energy industry, for example, wind
turbines rarely achieve a C, of more than 0.50, meaning they
rarely extract more than 50 percent of the wind’s power and
convert it into rotating energy to power their generators.

MCT’s 300-kilowatt turbine is a simpler design than its
one-megawatt turbine, though. The 300-kilowatt machine uses
a single rotor, which operates with the tide in only one direction.
The one-megawatt’s two rotors will operate with tidal flow in
either direction.

The twin-rotor system is the one MCT is bringing to the fore.
The company plans for its turbines to be commercially available

Orbital2’s gearboxes for the one-megawatt prototype feature eight
planetary spur gears in the first-stage transmission, with four
planetary spurs in the second stage, followed by a parallel shaft
output stage.
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in 2009 and plans to install twin-rotor turbines in locations
around the world to develop the technology in other markets.
Verdi says MCT is interested in France, North and South
America, Southeast Asia, Australia and New Zealand.

Created in 2000, MCT was formed to develop cost-effective,
reliable marine turbines to generate electricity in large-scale
commercial developments: tidal farms. In line with that purpose,
MCT is developing plans for a 10-megawatt tidal farm to
generate electricity for about 5,500 homes.

MCT has received significant financial support from the U.K. l r " i
Department of Trade and Industry, the European Commission
and the German government. “y ’ ”
However, the payoff could be significant, too: a new source -~ | 0"” l”sr ”0’05
of considerable energy, a source that’s also reliable. “Tidal flows \ For Outsourcing me_ Prototypes
are consistent,” Verdi says. “They are very predictable.” Your ﬂeal_' to High Vo!ume
Manufacturing Production
Vlisit our wehsite for more info
Bison CEO www.first-gear.com
Appointed to National Education Commlssmn 1S0 9001:2000 CERTIFIED

Ron Bullock, chairman
and CEO of Bison Gear
and  Engineering, has
been appointed a member
of the Commission on
21st Century Education
in Science, Technology,
Engineering and Mathe-
matics.

Testimony  delivered
before the National
Science Board on K-
16 STEM education led
to an invitation to serve
on this  commission.
The commission makes RonBullock
recommendations to the nation, via the National Science
Board, for a new national action plan to address weaknesses

1606 Freedom Way - FortWayne, IN 46818
Tel: (260)490-3238 - Fax:(260)490-4093
www.first-gear.com

in K-12 STEM education.
According to the company’s press release, Bison has been

recognized for its research to develop a high efficiency motor

under a grant awarded by the National Science Foundation. « 0-12” 0D CAPACITY Unlte A Matlcm
Bullock has held various positions with Bison since 1981, *0-9” ID CAPACITY D, GEAR INSPECTION

. . . . . « SHAFT CAPABLE

in R&D, engineering, marketing, operations and management. « SHOP HARDENED

He has served on the Industry Advisory Council on Electronic * LOWEST COST IN THE INDUSTRY

Motors at Underwriters Laboratories, was a past director of

the American Gear Manufacturers Association, led a rese?arc.h 90 Days at NO,CHARGE

team for the Instrumented Factory for Gears at the Illinois

Institute of Technology and served as president and trustee of
the Gear Research Institute.

TOLL FREE: (800) 755-0516
FAX: (513) 752-5599 ¢ EMAIL: unitedtool1@aol.com
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PRECISION GEARS

Specialists in the manufacture of
Spur and Helical Gears to AGMA 15 and
BEVEL GEARS to AGMA 13.
Hobbed internal and external gears up to
80" diameter and 39" face.

Gleason bevels up to 100 inch
diameter. Klingelnberg spiral
bevels hard cut up to 85 inch
diameter.

Ground internal and external
gears up to 60” diameter and
29” face.

In-house heat treatment, metal-
lurgical lab, magnaflux, and nital
etch capability.

Full inspection capabilities in
our modern state-of-the-art
gear metrology laboratory.
N N\
§ Overton Gear and
{ Tool Corporation

%,
"

__~* www.overtongear.com

630-543-9570 PHONE
630-543-7440 FAX
530 Westgate Drive
Addison, IL 60101

1SO 9001: 2000 CERTIFIED

Do your gears need:

More strength? |
Longer life?

Shot peening is the answer.
To learn more, subscribe to
The Shot Peener. The Shot
Peener is dedicated to raising
the awareness and apprecia-
tion for the shot peening
process.

g

Magazine Subscription Request

[1 I want a free subscription to The Shot Peener.
Please send it to the address below.

Please print or attach your business card:

Name Title
Company

Address

City State Zip. Country
Telephone Fax

Email Address

Fax: (574)256-5222
Mail: The Shot Peener
56790 Magnetic Drive, Mishawaka, Indiana 46545 USA

The Shot Peener: www.shotpeener.com/El/tsp/index.html ar
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LMT Fette Opens Midwest Hob Facility
=~

LMT-Fette established a new precision manufacturing
facility in Libertyville, IL.

The first phase of the new plant will handle production of
hobs from 8 DP to 30 DP. Hob re-sharpening and re-profiling
services are available for hobs up to 9" in diameter.

Fette offers hobs in a full range of pitch sizes in premium
powdered metal, solid carbide and indexable hobbing
solutions.

Overton Gear and Klingelnberg

Form Strategic Alliance

Klingelnberg GmbH and Overton Gear and Tool Corp. have
formed a strategic alliance for manufacturing and supplying high
quality, large spiral bevel gears for the worldwide market.

Customers should continue to contact their current sales
representatives for ongoing and future business.

Overton Gear manufactures custom gears for the marine,
off-shore, locomotive, mining, wind energy and construction
industries. Located in Addison, IL, the company acquired Illi-
nois Gear Corp. in May 2005.

The Klingelnberg Group develops, manufactures and sells
gear production machinery and related equipment. Klingelnberg
products are used in the automotive, truck, aircraft, agriculture,
construction, power tool and marine industries. The company
has operations in Ziirich, Switzerland; Hiickeswagen and
Ettlingen, Germany; Gyor, Hungary; and sales and service
offices throughout Europe, North and South America and
the Asia-Pacific region. Klingelnberg, along with Liebherr-
Verzahntechnik, is part of the Sigma Pool international gearing
partnership.
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I INDUSTRY NEWS Yesterday'’s Reliability

Tomorrow'’s Technology

LMT Opens Automotive Support Center
for North America in Detroit Area
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officially opened its North American automotive support - |$1“11.|p.1
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that customers rated local engineering support as important as fheas onbit s
the product itself.

The new center offers engineering, service and tool m '@L_‘_.
management support. T.he fa01!1ty was create’d to support tl}e qh Preciston G lg&fu., ne. <0
auto and machine tool industries with LMT’s know-how in =: lﬂu B hierh e She¥ g, iy m -
cutting materials and precision tools. To that end, the center - B B [P g 1 i

is connected via an internal broadband network for real-time
access to other LMT companies and to the LMT engineering

center in Oberkochen, Germany. The network also allows for s PI H AL BEVEL G E AR S
real-time video conferencing. " .

LMT will also provide (Transmissions)
training at the center
for employees of auto,
machine tool and die-
and-mold manufacturers.
Practical training will
be carried out on the
center’s machine tools,
which are also used for
customer tests and tool
demonstrations. The
machine tools include
a regrinding machine
for  refurbishing and
modifying tools.

In a press release,
LMT  described the
facility as “a central

if% -;E'

Spiral & Straighd Bevel Gear Manulacturing,
Commercial fo aircrall qualily pearing,
Spur, helical, splined shalts, internal & external,
shaved & groumd gears. Spiral bevel grinding

Photo courtesy of Daniel Lippitt.

Dieter Brucklacher, Leitz Group

element of the growth executive chairman. Midwoest Transmissions & Reducers.

strategy with which the 150 complinn,
LMT Group aims to substantially increase sales in the North
American market over the next few years.” LMT has spent

1 : : T MIDWEST GEAR CONTACT:
more thap $2 million to enhance its service capabilities for & TOOL, INC. .EI CRAIG D. ROSS
the American market. . . 15700 Common Rd. (586) 779-1300

“LMT Fette already has a substantial presence in the Roseville, MI 48066 midwestgear@sbcglobal.net FAX (586) 779-6790
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INDUSTRY NEWS I

U.S.,” Brucklacher said, referring to the LMT company that

' a g n u m manufactures precision milling and gear cutting tools. LMT

Fette’s U.S. operation is located in Cleveland, OH, and
I n‘ |d‘u|c‘f‘I‘@in| ; includes customer service via a gear solution center.

Besides Fette, Brucklacher also mentioned another LMT

company, Onsrud Cutter, which is based in Libertyville, IL, and

Experts in CNC controlled produces end-milling cutters for the high-speed machining of

tooth by tooth submerged process aluminum, plastics and composite materials for the aerospace

gear hardening. We specialize in preci- industry.

. . q q LMT plans to open other automotive support centers with
sion induction hardening of all power prans o open of : PP
. . comparable services in China, India and Brazil.
transmission components.

. The LMT Group consists of six companies—Belin, Bilz,
Registered to TS16949:2002 Boehlerit, Fette, Kieninger and Onsrud Cutter—and employs

standards. 3,000 people worldwide. The group manufactures precision

e 10013 fOT Processes used to cut motal and plastics.

Magnum Induction Inc.
14 Ash Drive ¢ Smiths Creek, MI 48074 Getrag Group and Getrag Ford Transmissions
Ph: 810.364.5270 °* Fax: 810.364.4114 Combine Under Single Brand

.1, . . Fourteen individual companies in the Getrag Group and
Email: tom@magnumlnduc“on‘com Getrag Ford Transmissions, all specializing in transmission
magnu minduction.com systems, drivetrain components and engineering services, will be
combined under the umbrella of the Getrag Corporate Group.
“Our aim in repositioning ourselves is to strengthen our
market position in the global competitive environment and, in
doing so, to create the conditions for further expansion,” says
Tobias Hagenmeyer, president of the Getrag Corporate Group.
“We are planning a significant expansion of our activities
across the world in the area of dual clutch transmissions. We
are forecasting production volumes of up to 2.4 million dual
clutch transmissions and total output of around 5.5 million
transmissions by 2015.”
Getrag also announced that Getrag Jianxi Transmission Co.
Ltd., the joint venture between Getrag and the Jiangling Motor Co.
Group in Nanchang, China, begins operations later this summer,

SOLITEC offers service for the following machines as soon as the contract review process has been completed.
Approximately 2,400 workers at the three production sites in
KLINGELNBERG, Type AGW Nanchang, Ganzhou and Yudu in southeast China will produce
* Repairs - Overhauling * Retro-fitting * Modernising into CNC some 240,000 transmission. One million of the transmission
KLINGELNBERG - Type SNC components for the Chinese markets are anticipated as well. ¥
* Repairs * Changing of CNC control unit
KAPP - Type AS
* Repairs °* Overhauling * Modernising into CNC control unit
Please Contact
SOLITEC GmbH & Co. KG
Gewerbestrasse 3
o , ' , e c ;‘549‘7 Huckj;“;g?ezf‘]/gggﬁ“‘g Do you have news? Send it to: Rohin Wright, Assistant Editor,
one: ++
Fax:  ++49 (0) 2192 8514-77 Gear Technology.
E-mail: miriam.mueller@solitec-rs.de P.0. Box 1426, Elk Grove Village, IL 60007, Fax (847) 437-6618 or
Internet: www.solitec-rs.de e-mail robin@geartechnology.com
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SERVICE

GEAR

-
_
-

Superior Grinding Wheels
for Today’s Technology

“BASICS

Final |y| A Basic Schoolfor Nor-Experts!

il S

Do you have people who are new to GEARS?

Do your production people need to
know more about GEARS?

Cole Manufacturing Systems, Inc offers a beginning

Pre-Profile gear training course designed to your exact needs.

“On or Off” flange for
precise, fast service

Large Inventory
of Blanks

275-400mm QD
84-125mm widths

¢ Terminology of Gears
 Gear Functions and Basic Formulae
* Manufacturing Methods Inspection Methods

Fast Delivery For Most * Interpretation of Inspection Data
Orders in by noon Generating Grinding  Applying Inspection to Correct Problems
ship next day Machines

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

(248) 601-8145 FAX (248) 601-0505

Email: dsmith@colemfgsystems.com www.colemfgsystems.com

tel: (847) 888-3828
H H fax: {847) 888-0343
reishauer-us@reishausr.com

www.reishaugr.com

HEAT TREATING FORGINGS

Induction Hardening

Specialists in Tooth by Tooth Contour
Hardening of Internal
Spur, helical and bevel gears
Our gear hardening equipment includes 5
NATCO submerged process machines and 5 .
AJAX CNC-controlled gear scanning with

machines. Tooth by tooth gear hardening :
from .5DP-10DP, up to 15 tons, 200" diameter. Simultaneous Dual Frequency

eldec

Induction Hardening

2 I.r.
Do you want your
gears to look like this?

Breakdown
ervice
Available

elder Induction, USA, Inc.
mail@eldec-usa.com
248-364-4750 www.eldec.de

American Metal Treating Company
Cleveland, Ohio
Phone: (216) 431-4492 » Fax: (216) 431-1508
Web: www.americanmetaltreating.com

E-mail: bruce@americanmetaltreating.com

SHAPEN CUTTER SHANFENING
ARDAGH SHARPENDNG

HOE SHATRPENING

SHAWIND CUTTER GRIMNDING
THIN FIL DATING

CAUSTO HEAT TREAT SERVICE

CHY & DIAMORD WHEEL PLATIRG
SERVICE

PICK P & DELIVERY IN MAMNY AH
CORNPORNATION
1350 Winahaor oo
Lenems Pk, IL 81717 LS4,
Phonec B 50T -B000
Fa BVABTT-C04
E-muil: gricSgieason.com
m;ﬂlﬂﬂﬂ-ﬂ-l‘l. Ciomm

BEAR

CusT

Up to: 30 inches/diameter, 50 inches/length,
10-650 pounds, in carbon, alloy, stainless, tool
grade materials. Closed-die hammer shop
with 25-piece min. up to 1,000 pieces per run.
Complete in-house die-shop. Substantial raw
material inventory and forgings warehousing.

\
|

-
wBER
VD

3 CLIFFORD-JACOBS
FORGING

1S0 9001:2000 Certified

Clifford-Jacobs Forging Co., Inc. - Champaign, IL 61824-0830

Phone 217-352-5172 - Fax 217-352-4629
sales@clifford-jacobs.com - clifford-jacobs.com/gallery/impact.htm

Rates—Display Classified: 3" minimum: 1X—3$425, 3X—$400 per insertion,
6X—$375 per insertion. Color Classified: Add $25 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 7th of the month, one month prior to publication. Acceptance: Publisher reserves

the right to accept or reject advertisements at his discretion.

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

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

Presrite Corporation
Phone: (216) 441-5590
WWW.Presrite.com 26, presite Corporation
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Riverside-
SOTie ™

Need Your Gear Now?

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

* Helical Gears to 36"

* Internal Spur Gears to 36"

* External Spur Gears to 42"

* Couplings

® Gear Grinding to 28"

® Internal & External Gear Shaping
®* CNC Crown Hobbing and Shaving
® Broaching

* Spline Grinding

Riverside Spline & Gear
P.0. Box 340
Marine City, MI 48039
Ph: (810) 765-8302
Fax: (810) 765-9595
Contact:

valerief@splineandgear.com
1S0 9001:2000 Registered

A Tradition of Quality Since 1963

1
3

1
Need a plastic gear with )
precision and muscle?

Kleiss Gears, Inc.

ﬁrammém’

715-463-5995 x105
www.kleissgears.com
kleiss@kleissgears.com

L i

ey Bl Ml Twveh

Gear, as well as the latest in
\

IMS Global Gear & Machining
is a well-known and proven choice
for the design and manufacture of
helical and spur gears, assemblies,
for engines, transmissions, pulleys,
fuel pumps, auxiliary drives and
shaft adaptors.

Downers Grove, IL 60515
Ph: 630.969.9400

Global Gear & Machining LLC
2500 Curtiss Street

info@globalgearllc.com

www.splineandgear.com

Fax: 630.969.1736

HELP WANTED

OPPORTUNITY
Engineering Executive

Responsible for control of design and
manufacturing engineering functions.

www.globalgearlle.com

www.gearmotions.com

WHEN IT HAS TO BE RIGHT

® Gear Grinding to 94"
¢ Industrial Gears to 250" THE
® Turbo Compressor Gears

¢ Custom Drives WORKS
¢ Spline Broaching
® Gear Metrology

¢ Stock Planetary Speed Reducers

GEARBOX REPAIR

I Custom Gear Services Since 1946 |

World class manufacturer with enviable global
reputation seeks senior executive engineer.

Company is heavily involved in manufacture

of aerospace gears and other components

in small lot sizes and located in a desirable
Mid-West location.

The manager will report directly to the COO
with salary commensurate with this
senior executive position.

1S0-9001
www.thegearworks.com

For further details contact:

The Gear Works—Seattle, Inc.
500 S. Portland Street
Seattle, WA 98108-0886

Gear Consulting Group
Gearconsulting@aol.com
Phone: (206) 762-3333 or send resume to Gear Consulting Group
Fax: (206) 762-3704

E-mail: sales@thegearworks.com

PO Box 647, Richland MI 49083.

All correspondence held in strictest confidence.

TTIGEAR ras T14-T9
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ADDENDUM

A MOVIE FOR GEARHEADS

AND OTHER

MECHANICAL PEOPLE

Hollywood just doesn’t cater to the
gearheads of the world, but the truly

devout mechanical enthusiast can find

solace in Blockbuster’s new release
section this summer.

Burt Munro, played by Anthony
Hopkins in “The World’s Fastest Indian,”
wanted only one perfect run on the Indian
Scout that he bought for $50 in 1920 and
spent his whole life tinkering with in his
New Zealand garage.

The Scout had a 37-cubic-inch, 42°
V-twin engine with side valves. A helical
gear primary drive was contained in an
oil-tight, cast-alloy case, and a three-
speed, hand-change gearbox with a foot
clutch was fitted. A double-down tube
cradle frame was used, rigid to the rear,
and a leaf spring provided the forks with

nearly 2" of movement at the front.

What did Munro do to prepare his bike
for worldwide acclaim? Probably nothing
the AGMA would recommend. He used
an old spoke for a micrometer and cast
parts in old tins. He built his own four-
cam design to replace the two-cam system
and converted to overhead valves.

He made his own barrels, flywheels,
pistons,camsandfollowersand lubrication
system. More or less, he hand-carved his
con-rods from a Caterpillar tractor axle
and hardened and tempered them to 143
tons tensile strength. He built a 17-plate,
thousand-pound pressure clutch and used
a triple chain drive. He experimented
with streamlining, and in its final form,
the bike was completely enclosed in a
streamlined shell. The leaf-sprung fork
was dispensed with and what appears to
be a girder fork from a 1925-1928 Prince

was substituted.

And the result of all this blood, sweat
and tears? Munro took out a second
mortgage to travel to Utah and race on the
renowned Bonneville Salt Flats. As avid
racing fans already know, he captured a
land speed record at the flats in 1967.

Whether a sequel is in the works is
not for The Addendum Team to reveal.
Suffice it to say, we think the E! True
Hollywood Stories of Gear Heroes could
be a blockbuster franchise. ¥

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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CUSHOM
BEVEL GEAR MANUFACTURING

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

e Spiral Bevel Gears: 66" PD
e Straight Bevel Gears: 80" F
e Spurs Helicals Spline Shafts

e Gearbox Repair/Rebuilds

e Full Heat Treating Service

* EDM Wire Burning

BREAKDOWN
SERIEES

Machine and Gear Corporation

4809 U.S. Highway 45 Sharon, TN 38255
Toll Free: (800) 238-0651 Ph: (731) 456-2636 Fax: (731) 456-3073
E-mail: inquiry@brgear.com Internet: www.brgear.com

.rl"_"l\_.]
[@ Family owned and operated since 1974



A world of new solutions. Only from Gleason.

H ob, shave, or finish grind spur and helical gears faster and more efficiently than ever with new Genesis™
technology. Take precious hours out of profile grinding time... Eliminate costly trial and error from bevel
gear production... Use advanced new cutting tools and quick-change workholding systems to greatly reduce
cost per workpiece.

You could search the world over for these and the other gear production technologies you need to stay ahead

of the competition...

...or just stop by the Gleason booth at IMTS ’06.

Gleason

585-473-1000 www.gleason.com sales@gleason.com

- KEEPING THE WORLODNNIMUTION i-





