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Moving Into H|gh Gear

In February, we launched a new mag-
azine, Power Transmission Engineering
(PTE). While most of you have probably
already seen it, those of you who haven’t
can read the first issue online at power-
transmission.com.

PTE is to the broader power transmis-
sion market what Gear Technology has
been to the gear industry for the past 23
years.

As with Gear Technology, our goal
with PTE is to educate and inform. To
that end, we’ll feature the highest-quality
technical articles, combined with features,
news and other information designed to
help power transmission product con-
sumers and users save money, be more
productive and produce higher-qual-
ity products. But PTE goes beyond Gear
Technology: in addition to gears, we’ll
also cover bearings and brakes, couplings
and clutches, sensors and speed reducers.
In short, all the types of components that
help make things move, and which many
of you already make, buy and use.

This is not completely new territory
for us. We’ve been involved with this
broader market for the past 10 years as
publishers of the online buyers guide
at powertransmission.com. Since 1997,
powertransmission.com has grown to
become one of the most visited and well
respected industrial resources on the
Internet. The site now receives more than
80,000 USER SESSIONS per month.
Real people from all over the world use
it every day to find suppliers of power
transmission products.

We process dozens of sales leads per
day for our powertransmission.com Visi-
tors and advertisers, including many of
you who are readers of Gear Technology.
Requests come for all types of products,
and we forward those requests to the
appropriate companies. Sometimes the
requests are small—like the one from
a recent visitor who needed a power
take-off for his tractor. Sometimes the

requests are quite large—like the one
from a visitor who needed to overhaul or
replace the gearboxes for a coal pulver-
izing plant. Sometimes our visitors are
just in the design stage, looking for com-
ponents they can build into their finished
products. Other times, they’re end users
who have an immediate need to repair
or expand their factory, assembly line or
industrial plant.

Over the past 10 years, we’ve found
that the people using the site wanted and
needed additional information about these
products, so we’ve added short editorial
items like the news sections, which we
update every day with products, calendar
items and industry news.

But our visitors needed more in-
depth information. Power Transmission
Engineering was the next logical step.

There are, of course, other magazines
serving the power transmission market-
place, but none of them with the depth or
quality of information we publish. If you
find the information in Gear Technology
important and of interest—and many of
you have told us you have saved every
issue—we’re confident you’ll also like and
need Power Transmission Engineering.

The February issue of PTE was a
digital-only issue, and we’ll be using
the same electronic format for the rest
of this year. But two issues—April and
August—will also be printed magazines,
delivered to 15,000 buyers of power trans-
mission products, mostly in the United
States—many of the same people who
have already used powertransmission.
com.

We’re using this combined print-and-
electronic strategy for a number of rea-
sons. With powertransmission.com, our
roots in this market have always been
digital. Also, publishing issues online
allows us to hold our advertising costs
down while still allowing us to demon-
strate to the marketplace the types of
articles and information we’ll publish.

www.gearfechnology.com
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But at the same time, we understand the
power of print, and we expect that by this
time next year, PTE will be a print publi-
cation every issue.

Of course, much of that depends on
you and your reaction to the new maga-
zine.

If you think you can use this kind of
in-depth information on bearings, motors,
clutches, couplings and similar products,
please sign up for a free subscription at
www.powertransmission.com/subscribe.
htm. If you’re in the USA, Canada or
Mexico, you can choose either the elec-
tronic or printed issues. Subscribers out-
side North America can sign up for the
digital version.

Also, if you manufacture or sell
power transmission products and you’re
interested in reaching serious buyers, then
you can download the media kit at www.
powertransmission.com/mediakitO7.pdf.
Or call our sales manager, Ryan King, at
(847) 437-6604. powertransmission.com
and Power Transmission Engineering
provide you with a print-and-electronic
advertising combination that’s aimed spe-
cifically at your customers.

Finally, if you have technical arti-
cles, feature story ideas or news that
you think might be appropriate for
either of our magazines or our web-
sites, please call us or send an e-mail to
publisher@geartechnology.com. We're
interested in anything that helps educate
the industry, and we’d like to help you
share your story. If we’re reaching your
customers and potential customers, your
articles can help them be better informed
buyers. A sales engineer is too expensive
to be an educator. Besides, that’s our job.

Michael Goldgtein,
Publisher & Editor-in-Chief
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www.geartechnology.com | March/April 2007 | GEARTECHNOLOGY



G‘%P SJfour

._total s Ohution forJJ
gear machmmg
equipment.’

GPA'is your complete team of gear machining speclallsts\\ -
We are'proud to have the combined expertisejof Kashlfuu in geq&'hohbmg,

-

iInjiyseyy

Kanzakl in gearshavmg Nachi in broachmg, rolng ﬁe,gt‘tfatment
|
.w%
reqmrements From package plans]of loolmgand eqmpment, '

to facility equipment planning and follow’upiservice’ h-ﬁ%

f ‘!E. “'“-u -
tsifor Tools and 'IVI"érc-hlinery‘m'.-

(Gear Cutting Process Task Assignmen il
g N

Gear - ID/END Hard Hob
Material ""‘--\_\_ & > Grinding > Cutting

Nachi % l i Nachi Kashifuji ;

v

Turning ) Broaching Hob Chamfering Shaving ID/END Honing Inspection
RollEams > Cutting > > > Treatment Grinding >
Kanzaki Nachi Kashifuji Kanzaki Kanzaki Nachi i Nachi Kanzaki
- - | heat ID/END Hard f
reatmen > rinding > Broaching

Nachi Nachi Nachi

Gutng |Nachi || Nachi | —| Nachi |—{ Nachi |—{ MNachi | TNk | Nam
Too) g (ANAch— [Nachi -

IIYZNY M

JIHOVN

IV NSLINI3S
IIVSO

NACHI AMERICA INC.
17500 Twenty-Three Mile Rd., Macomb, M| 48044 Tel:586-226-5151 Fax:586-263-4571 E-mail:machinetools@nachi-ind.com




"GPA is yourd®
dotal solution for -
gr,,,,,,_achmmgI
equipment.

GPAVis'your complete leam ‘of.gear machmmg specialists. .
We are proud;to have the combined expertise of Kashifuii;"
in gear.hobbing, Kanzaki in gear shaying, Nachi in bruachmg,,‘_
roll formlng heat treatment, |d/end grmdmg an: cumn'g tuuls y

iy
IS O tmollng and equl‘pment

Gear Cutting Process Task Assignments
for Tools and Machinery

Cutting Tools Tool
Re-Grinding

Nachi Nachi

Nachi Nachi

IV NSLINI3S

|rnj!l|52)|

VIVSO

KANZAKI

Creating higher
precision internal
gear finishing.

INVERTED

Kanzaki GSU180 internal gear
shaving machine is a step
forward in high precision gear
finishing. You can now modify
gear teeth profiles with high
precision machining, helping
reduce noise generated by

automotive automatic
transmission planetary gear
systems.

©Chips are quickly and efficiently removed with the top mounted work piece axis.
©Automatic meshing of the cutter and workpiece reduce the workpiece loading times.
©Advanced machining such as tapering and crowning is also supported.

Internal Gear Shaving Machine G S U 1 80

NACHI AMERICA INC.

17500 Twenty-Three Mile Rd., Macomb, MI 48044
Tel:586-226-5151 Fax:586-263-4571
E-mail:machinetools@nachi-ind.com

IDIYZNY A




VOICES

David Sheridan

Zan Smith

Plastic Gear Standards:

A Balancing Act

David Sheridan and Zan Smith, Ticona Technical Polymers

Creating standards for plastic gears
calls for a deft touch. The challenge
is to set uniform guidelines, yet avoid
limiting the creative solutions plastic
offers gear designers.

Few standards and guides exist for
plastic gears. This is not surprising
given that they have only been used for
about 60 years compared to hundreds of
years for metal gearing. Another reason
lies in plastic’s great variability. This
class of materials encompasses diverse
resin families, each offering many
choices in the nature of the polymer and
the ability to enhance performance with
fibers, fillers and functional additives.
In addition, a polymer’s mechanical
properties can shift significantly with
temperature and other environmental
factors within the typical operating
range of a gear set.

At this time, just two American Gear
Manufacturers Association (AGMA)
plastic gear standards exist: ANSI/
AGMA 1006-A97, Tooth Proportions
for Plastic Gears, and its metric version
ANSI/AGMA 1106-A97. They were
developed in 1997 and set standardized
tooth profiles for spur and helical gears.
Some other national bodies have also
created plastic gear standards. British
standard BS 6168 looks at non-metallic
spur gears and has many similarities
with the German document VDI 2545.
There may be plastic gear standards
from other countries that are unknown
to the authors.

In recent years, AGMA has
published two information sheets
as plastic gear design guides. One,

14 GEARTECHNOLOGY
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AGMA 920-A01, Materials for Plastic
Gears, offers help in selecting poly-
mers for injection-molded and cut
gears based on understanding material
behavior and molding considerations
for dimensions and gear-related
properties. The other, AGMA 909-A06,
Specifications for Molded Plastic Gears,
applies to injection-molded external and
internal spur and helical gears. AGMA
also has documents underway on test
methods and inspection for plastic gears.
Need for New Standards

Among the many possible plastic
gear standards that remain to be
developed, two would be especially
useful: one for load ratings and the other
for quality measurement.

The lack of a universal approach
for calculating loading in plastic gears
leads designers to translate metal gear
stress calculations to plastic. Analytical
methods used for metals are appropriate
aslong as the analysis properly considers
the geometric and mechanical variations
of plastics. A finite-element approach
is best used only after the geometry
has been optimized analytically.
The challenge in standardizing such
calculations, however, is that plastic
gear property profiles vary from polymer
to polymer, and properties change with
additives and operating environment
factors, such as lubricant, temperature
and moisture.

British standard 6168:1987,
Specification for Non-Metallic Spur
Gears, is a rating standard for several
generic families of plastic spur gears.
The German document, VDI 2545,

www.gearfechnology.com

Zahnrider aus thermoplastichen
Kunststoffen (Gear Wheels Made from
Thermoplastics) is a widely referenced
document from 1981 and is the
predecessor to BS 6168. A shortcoming
of these rating documents is that they
cover a limited set of materials, so
designers must often rely on material
suppliers for guidance on material
selection and properties for any given
application.

The accuracy of plastic gears in the
United States is usually stated using
AGMA Standard 2000-A88, Gear
Classification and Inspection Handbook,
Tolerances and Measuring Methods for
Unassembled Spur and Helical Gears
(Including Metric Equivalents). This
is commonly referred to as the AGMA
“Q number” system. This system was
developed with cut metal gears in mind.
But plastic has different attributes than
metal when it comes to accuracy; for
instance, plastic may do a better job on
tooth-to-tooth consistency, but not as
good on runout.

One issue with plastic gears is that
tolerance levels may vary by feature on a
gear. At this time, the Q level for a plastic
gear is commonly assigned based on the
worst feature. This does not do justice
to the performance of many gears. One
solution would be a plastic gear accuracy
system that allows quality to be expressed
as tolerances on various features, e.g.,
the runout, pitch, profile and lead that
meet a gear’s application requirements.
Many plastic gear designers simply
assign tolerances without reference to
any accuracy standard.



Beyond Standards

Having a solid body of standards for
the use of plastic in gears is essential in . -
fostering the use of such gears. Equally Why G ri I‘Idl I‘Ig ey
important, however, is the need to -
educate those who design gears in how == 'When you can FaSSIer HOHE?
to make the best use of this material
and understand the peculiarities of an HMX-400
injection-molded part with regards to
tooling and processing. For instance,
designers need to move beyond the
belief that they must adhere to the
standard tooth forms defined in metal
gear manufacturing standards.

Designers would be better off if they
treated standard tooth forms as starting
points and then optimized their designs
to satisfy the requirement of a finished
gear set. This approach makes sense
because cavities for plastic gears must
be cut to non-standard dimensions to
accommodate differential shrinkage.
Customizing the mold for shrinkage
opens the door to incorporating
optimized tooth forms for an application
at little or no added cost.

Plastic’s variability is one of its
great strengths and underpins the
design freedom it allows. But this
variability also complicates the job of
standardization. Moving forward there
is a need for new global standards
that account for this variability, such
as those for material-specific load
ratings and flexible accuracy ratings, to
support gear manufacturers anywhere
in the world. €2
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PRODUCT NEWS

Gleason’s
Newest Threaded

Wheel Grinder

DELIVERS FASTER FLOOR-TO-FLOOR
TIMES FOR CYLINDRICAL GEARS

UP TO 300 MM

The 300 TWG from Gleason Corp.
is designed to deliver fast floor-to-floor
times for grinding of cylindrical gears
with a diameter up to 300 mm.

The grinder uses high-speed, direct-
drive spindles and advanced CNC con-
trols with Gleason software to work
compatibly with multi-start grinding
wheels. According to the company’s
press release, a multi-start grinding
wheel can improve production rates up
to five or ten times that of conventional
single-start wheels.

In addition, the grinder can be
equipped with a patented Gleason dia-
mond-plated master dressing gear sys-
tem that can dress a multi-start grinding
wheel in a short time regardless of the
number of starts, making it suitable for
higher production environments.

Users can apply a compact, fully
automatic CNC dressing unit located
above the grinding head for conven-
tional dressing with diamond-plated
dressing discs. This is an option for job
shop or prototype production environ-
ments.

Additional options include a high-
speed, fully automated two-station ring
loader with easy integration of a spin-
dry station if needed.

For more information:
Gleason Corp.

1000 University Ave.

P.O. Box 22970

Rochester, NY 14692-2970
Phone: (685) 473-1000
E-mail: sales@gleason.com
Internet: www.gleason.com

Dapra

EXPANDS TOROID
TOOL LINE

Dapra Corporation recently added
12 new shell mills in ODs from 2"
through 8" to its high-performance
Toroid cutting tool line.

For maximum versatility, four insert
geometries—round, square, high-feed
and octagonal—are now available for
Toroid cutters.

Dapra’s new octagonal inserts have
eight-sided geometry for general face
milling capabilities. Their 45-degree
lead angle provides increased feed
capacity for face milling, profiling, and
helical interpolation and chamfering.

In order to simplify the matching of
the various-shaped inserts with specific
cutter bodies, Dapra provides ‘“R-value”
designations, which can be found on
each cutter body. Compatibility can be
achieved by matching the insert and
cutter body “R-values,” the company
says.

For more information:
Dapra Corp.

66 Granby St.

Bloomfield, CT 06002
Phone: (800) 243-3344

Fax: (860) 242-3017

E-mail: info@dapra.com
Internet: www.dapra.com
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tool holder designed for Swiss-type
machines.

Slater’s new adjustment-free design
allows the operator to use the tool
holder without the need for centering.
According to Slater’s press release,
the new rotary broaching tool holder’s
design is the smallest in the industry,
eliminating interference and clearance

Slater Tools

INTRODUCES
ROTARY BROACHING
TOOL HOLDER

Slater Tools Inc. released a new,
adjustment-free rotary broaching

WE LOVE
THE DAILY
GRIND.

.

And we're grinding more gears every day. Because more and
miofe cusfomers are discovering Schafer's sxceptional quality
and capabilities. We prodisce spur, halical and bevel pears (shrasght
and spiral}, Imtarnal gears, warm and wonm pears. Pinions. Sun
You name . What's more, our unigee parinership with seleched
averseas producers, ncluding ground spiral bevel gaars from Haly
and machined companents from India and China, increase your
savings and enhance cur servics to you, Call us. We're gearsd up
to grind out the best sohitions 1o your needs

SOM T RESDL 1 = ROCKFORT, i
W i e STd-2 M=l ] [

Call us aboul our NEW 502506 Gear Grinding Machine in our South Bend plant,
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problems, and providing easy access to
the grease fitting.

Slater’s new tool holder uses the
standard 1.25" length rotary broach-
es, available from stock. This length
allows for deeper broaching than cur-
rent non-adjustable rotary broaches and
tool holders. The adjustment-free rotary
broaching tool holder is used for any
type CNC, Swiss, or manual turning,
milling, drilling or screw machine.

Rotary broaching—also called hex
broaching or wobble broaching—uses
a precision tool to produce an inter-
nal form inside a pre-drilled hole.
The result is a polygon form, which
matches the shape of the broach. For
instance, a square broach measuring
1/4" produces a square hole of the
same size. Broaches are available from
Slater Tools Inc. as squares, hexagons,
splines, serrations and other polygon
forms.

For more information:
Slater Tools

44725 Trinity Dr.

Clinton Township, MI 48038
Phone: (686) 465-5000
Internet: www.slatertools.com

Rex Cut’s
Mounted Points

REACH DEEP INTO
CHANNELS WITH
LITTLE VIBRATION

A line of mounted points available
in various shapes and sizes to fit into
channels and other contoured spaces
for repairing and maintaining molds
and dies is introduced by Rex-Cut
Products.

The Rex-Cut® mounted points fea-
ture multiple layers of non-woven cot-




ton fiber and aluminum oxide or silicon
carbide abrasives that are pressed and
bonded into a variety of industry-stand-
ard shapes and sizes. According to the
company’s press release, the points are
suitable for mold and die repair and
maintenance, and are capable of reach-
ing deep into channels and provide con-

Hardinge

DEBUTS TURNING
CENTER AT WESTEC

Hardinge introduces its SR-Series
multi-tasking turning center, utilizing a

PRODUCT NEWS

three-jaw chuck.

According to the company’s press
release, Hardinge developed the SR-
Series as an extension to its line of
turning centers, positioning it as a
heavy-duty chuck and bar turning cent-
er that can be configured with many
multi-tasking capabilities to machine

trolled operation with little vibration.

Offered in very fine- to coarse-grain
sizes and two bonds—MTX, where
more metal removal is required and
GFX for light metal removal, clean-
ing, and polishing—Rex-Cut mounted
points deburr, grind, and finish without
changing the part geometry. They are
suitable for use on aluminum, mild,
stainless steel, titanium and other exot-
ic and highly alloyed parts.

For more information:
Rex Cut Products

960 Airport Rd.

Fall River, MA 02722

E-Mail: bobc@rexcut.com ==
Intfernet: www.rexcut.com

wiFgT

QUALITY
TECHNOLOGY
PRECISION MANUFACTURING
OPERATIONAL EXPERTISE

Manufacturers of:

. - Broaches
The quality and precision of our broaches and gears have won "
: Spline Broaches
customers worldwide (and beyond!) — from the smallest gear- Fine Pitch Gear Broaches
shop to NASA and the Mars Rover. Form Broaches
Precision manufacturing, modern equipment, advanced :m’mon )
technology, and quality control, balanced with talented crafts- Shanngs Cutts
manship, means you get nothing but the very best. . aper rs
Disk Shapers
Guaranteed the most rigid shank cutters and the highest quality | SnankShapers
level disk cutters made.Products that perform. Why use Broach | HeX ?“d Square Cutters
Masters/Universal Gear? Because your parts matter! Special Form Cutters 1
Inspection
As a complete source for all your tooling and production needs. Master Gears
Broach Masters/Universal Gear will supply you with the highest | Go-No Go Gages
quality products and services that you and your customers Posiloc Arbors

expect. Experience the difference! “Quick Spline” Softwa

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

Made in USA

1605 Industrial Drive
Auburn, CA 95603

i
J sl Phone (530) 885-1939
Inc. Fax (530) 885-8157
[T o ——— ALALH i LF B A Web:
www.broachmasters.com
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Ground Gear
Quality

At Shaved
Gear Prices

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

Complementing Niagara’s full range of

CNC and electronic gear grinders is the

Gleason 245 TWG, High Speed Threaded

Wheel Grinder. This latest technology in

high speed production grinding will meet

your most demanding needs on PRICE,

on QUALITY and on TIME.

e Eliminate process related deviations
and heat treat distortion

* Maintain critical size consistently

e Eliminate undesirable excitations via
direct drives

¢ Affordable hard finishing using
unthinkable metal removal rates

* Optimize contact and load carrying
characteristics via algorithmic software

Contact Niagara Gear and put our
world class, precision gear grinding
team to work for you today.

1-800-447-2392
Fax: 716-874-9003
e-mail: info@niagaragear.com
www.niagaragear.com
941 Military Rd, Buffalo, NY 14217

NIAGAHA

complex, small- to medium-sized parts
to completion in a single setup.

With up to 25% more torque and
horsepower, and 24% more speed than
previous Hardinge turning centers,
the SR-Series turning centers will cut
tough materials and handle deep inter-
rupted cuts while maintaining overall
part accuracy.

The SR 150, 200 and soon-to-be-
released 250 all feature superior vibra-
tion damping, accomplished through
the use of heavy-duty, linear roller
guides mounted to a HARCRETE-rein-
forced cast iron base.

This platform allows the user to
tackle tough work almost vibration-
free while reducing expenditure.

According to Jeff Ervay, Hardinge
North American turning product man-
ager, “The range of SR-Series ‘chuck
and bar models’ offers a precision
machine to a whole new audience for
Hardinge, having best-in-class torque
and horsepower that makes these
machines really stand out in their
category. The SR machines allow
unmanned operation, high throughput,
and ‘done-in-one’ capability in a high-

production or job shop environment,
plus the ability to perform these opera-
tions on hardened material.”

Displayed as a prototype at IMTS
2006, the first ever production ver-
sion SR-Series machines will be intro-
duced in Machinery Sales’ booth 3316
at the WESTEC 2007 Exposition &
Conference Center in Los Angeles
March 26-29.

For more information:
Hardinge Inc.

Phone: (800) 843-8801

E-mail: info@hardinge.com
Website: www.hardinge.com

EEAH GORPORATION

GROUND GEAR
SPECIALISTS

Schunk

RELEASES NEW
ELECTRICAL
MINIATURE HIGH-
SPEED PARALLEL
GRIPPER

Schunk Workholding’s miniature
high-speed parallel gripper (MHP) is
the two-finger counterpart to the cen-
tric gripper SMG.

According to the company’s press
release, the new gripper with electro-
mechanic drive achieves short cycle
times and is also equipped with end-
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position dampening and integrated
electronics for optimized control. A
longer tool life is assured by main-
tenance of the end positions without
power, which avoids an overload due
to continuous power.

For fast applications, Schunk rec-
ommends the MHP. The angular



PRODUCT NEWS

position of the gripper head is unlim-
ited and continuously adjustable to the
individual gripping situations.
Moreover, the roller bearing grip-
per jaws, with their thread holes,
offer various attachment possibilities for
universal gripper fingers. For simple and
universal adjustment in applications and
installations, a connection extension is
available as an additional accessory.

For more information:
Schunk Workholding

211 Kittyhawk Dr.

Morrisville, NC 27560
Phone: (919) 572-2705
E-mail: info@us.schunk.com
Infernet: www.schunk.com

Ingersoll
Cutting Tools

INTRODUCES
INSERT AND
TOOLING FAMILY

Ingersoll Cutting Tools introduc-
es its Hex-Turn family of inserts and
holders.

According to the company’s press
release, the 12 cutting edges of these
hexagonal, negative-geometry inserts
can reduce production costs.

Each corner of the insert features
wiper geometry to enhance surface

finish, even at high feed rates. The 45°
lead angle allows high feed rates with
low cutting forces. A 120° included
angle provides a strong insert design
and improved resistance against notch-
ing.

The external and internal tool hold-
ers utilize Ingersoll’s T-type clamping

system. Internal holders feature direc-
tional coolant control.

For more information:
Ingersoll Cutting Tools

707 Fulton Ave.

Rockford, IL 61103

Phone: (815) 987-6000
Internet: www.ingersoll.com

COMTOR SPLINE GAGES

Rugged, Reliable, Repeatable
...ror 75 Years!

* Applicable to Spur
and Helical Gears!

 Gage the Part
at the Machine!

S

Pitch g

Diameter '-r'.,;,
s

For all your gaging needs,
Comtorgage it!

. Major )
Analog Dial or Diameter i}g
Digital Readout Minor /"
Diameter '

Internal or External Spline
Measurement Made Easy!

Still using micrometers
and pins method?

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

comtoroage

Comtorgage Corporation

(Since 1928)
Ph: (401) 765-0900 Fax: (401) 765-2846
www.comtorgage.com
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Holroyd’s
Plated CBN

on High-
Rigidity Edgetek
Machines

REDUCES PROCESS
TIMES WITH SINGLE

LIFT AND SETUP

Holroyd’s Edgetek machines are
produced with high-power/high-speed
spindles that optimize the use of plated
CBN wheels at surface speeds of up
to 9,000 m/min. This enables them to
achieve high depths of cut and opti-
mized metal removal rates exceeding
those of more conventional machines,
such as CNC lathes, milling and

machining centers and grinders.

In addition, the Holroyd Edgetek
machines are manufactured with a poly-
mer granite base.

The polymer base typically weighs
3 tons and has no resonant frequency.
As a result, it enables higher precision
machining to be achieved.

Combining the stiffness and damp-
ing capability with the Edgetek’s ultra-
high-speed machining capabilities
and plated CBN wheels, the machines
reduce cycle times in many crucial
industry sectors. In one example, the
cycle times for producing automotive
parts manufactured from sintered met-
als were reduced from 70 seconds per
component to just 22 seconds. At the
same time, the Edgetek’s plated CBN
technology achieves a reduction from
$1 to just 3.3 cents per component. This
is the result of the Edgetek machine
producing a much larger number of

components between tool changes:
15,000 as opposed to the 50 achieved
with conventional milling and turning
machines.

In another UK application, a single
five-axis Edgetek machine is slash-
ing process times with single lift and
set-up. The Edgetek is replacing seven
conventional milling and grinding

continued

GO CEFAMERICANZEGC EARNMG RINDERS)

A DIVISION OF AMERICAN BROACH & MACHINE CO., ANN ARBOR, MICHIGAN

Form Wheel Gear Grinder
YK7332-A

$336,000

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

INTRODUCING
MR BILL HOLIFIELD

NATIONAL SERVICE
MANAGER

Carr Fom INFC 1
(734) 761-50217

RAINCHUAN

r

SHGAAMT] G CHUAN MACHINERTT DEVELOPMLENT (0 IR0

www.qcamerican.com

Worm Wheel Gear Grinder
YK7236-A

$392,000

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

Shaanxi Qinchuan Machinery Development Co., Ltd. has selected American Broach & Machine Co. to offer sales, tech support, service

and engineering for their world class gear grinding machines in North America, under the brand name QC American.
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machines, providing a reduction in the
throughput time for a complex finished
part from 8 hours to just 12 minutes.

“This application epitomizes lean man-

ufacturing technology,” said Holroyd’s
sales director, Neil English. “It pro-

vides the opportunity to begin with a

hardened blank, and then produce a
HAST ESTIMATES. HEADY RESOURLGES. FHEE FART WAREHODUSING completed part in a single setup, using
plated CBN wheels.”

“It is not the cost that is driving
the trend toward plated CBN, but the
productivity,” says English. “Smaller
production runs and more setups means
that many companies no longer have
the luxury to amortize the cost of bond-
ed wheels, and the long non-produc-
tive set-up times associated with them,
over extended production runs. Plated
technology fills the need for high metal

CLIFFORD-JACOBS FORGING . removal rates with short set-up times
ﬁ PO, Bax B30 (Champaign, Il 61824-0830 and eliminates the need for dressing.”
73525172 e 173524620 salesEchlord-jacobs.com The flexibility of the Holroyd

Edgetek design, and the variety of
machine types and multi-axis configu-

CLIFFORD-JACOBS.COM IS0 9001:2000 CERTIFIED rations available, enables the machines
to provide higher levels of precision

and productivity in the manufacture of
gears, sprockets, rotors and impellers,
medical instruments, hand tools, air
foils and nozzle guides, airframe actua-
tion components, ducting supports, and
mechanical seals. The machines serve
a broad spectrum of industry types,
including power generation, automo-
tive, aerospace, medicals, tools and
general engineering.

For more information:
Holroyd Precision Ltd.
Harbour Lane North
Milnrow, Rochdale OL163LQ
England

Phone: (44) 1706-526590
E-mail: info@holroyd.com
Internet: www.holroyd.com
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aerospace industry with complete (( (7~ | A\pipi

design capability, including finite element. o f n 1= A\ Rt Product News is updated

Arrow’s latest success was utilizing our —;1) ST \ . .

state-of-the-art technologies to design the 71 [ CONIPANS daily online. For the latest
gear tooth geometry and to manufacture 2301 Curtiss Street » Downers Grove, IL 60515 pl'OdUCi' information, go to
all bevel gears in the PTO & AGB for Tel: (630) 969-7640 » Fax: (630) 969-0253 9

Pratt & Whitney’s PW 6000 engine. Www.arrowgear.com www.geartechnology.com
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trends and technologies.
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Injection-molded gear manufacturers like ABA-PGT are at the leading edge of plastic gear manufacture.

Plastic
Gears—

A Growing
Industry
Still Seeking
Respect

Jack McGuinn, Senior Editor

Mr. McGuire: | wanf to say one word
to you. Just one word.

Benjamin: Yes, sir.

Mr. McGuire:  Are you listening?

Benjamin: Yes, | am.

Mr. McGuire:  Plastics.

—From the 1967 film, The Graduate
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orty years ago, the plastics
industry was practically in its
embryonic phase when that
classic movie line was deliv-
ered to Dustin Hoffman’s befuddled,
just-graduated,
character, Benjamin Braddock. Today,
although still in its infancy, plastic
gear manufacture has made significant
gains in the gear industry, with plastic
gears now being used in applications
never thought possible. And yet, while
envelope pushing by plastics suppli-
ers, gear manufacturers and end-users
alike guarantees that plastic gear market
share will continue to grow, there nev-
ertheless remains a level of skepticism.
A number of product designers and
parts specifiers with industrial applica-
tions remain unconvinced that gears
produced from plastic are capable of
matching the high-temperature, high-
power functionality of metal gears. But

in-search-of-a-career

www.geartechnology.com

talk to any number of relevant players
in the plastics industry—gear molders
and suppliers—and they will tell you
that when decisions are made regarding
gear materials for high-capability, high-
performance applications, plastic gears
are getting a bad rap.

Zan Smith, an engineering associ-
ate with Florence, KY plastics supplier
Ticona, says the plastic industry must
at times overcome misperceptions, in
relation to other materials.

“I think sometimes the use of plastic
is avoided because there is a lack of
understanding about its effectiveness,”
he says. “There are some applications
where plastic would probably be the
preferred material, but OEMs fail to
consider it because they are unfamiliar
with its performance capabilities.” He
adds that, in recent years, the plastics
industry has done a good job of promot-
ing the benefits of plastic and shifting
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attitudes about the use of plastics in
challenging situations, such as in gears.

Over the years, plastic gears have
indeed proven themselves time and
again, and are certainly here to stay in
significant numbers. While estimates
vary and are—at best—just that, indus-
try experts point to some very healthy
numbers regarding the size of the plas-
tic gear market.

“On a sales revenue basis, we
believe approximately 10% of gears
sold are plastic,” says Thomas E. Grula,
account manager for DuPont. “On a
number of gears sold basis, the figure
is much higher; but we have no good
estimate.”

Richard Wheeler, president of
Manchester, CT-based plastic gear
molder ABA-PGT, Inc., breaks down
the data a bit further.

“According to a market survey com-
pleted in 1997 by the market research

= T 3 e Lk T T

firm Freedonia Group, the demand for
plastic gears in the U.S. was projected
to grow more than 10% annually, to
roughly $1.5 billion in 2000 and to $2
billion in 2005,” he says. “Plastic gears
are produced by OEMs (captive mold-
ers), custom molders and gear molders.
Based upon rough estimates, the gear
molders produced approximately $100
million in 2000, or less than 7% of the
$1.5 billion in plastic gears shipped in
2000.”
What’s in a Name?

Generating those numbers are a
variety of applications in which plastic
is the gear material of choice—includ-
ing, but by no means limited to—office
and lawn equipment; automotive inte-
rior, exterior and under-the-hood com-
ponents; and pumps. The list grows
with each new advancement in plastics
engineering. But before going further,
perhaps a primer in plastics terminol-

www.geartechnology.com
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ogy would be helpful. While there is no
shortage of names out there for what in
the end is universally known as “plas-
tic,” there are distinctions to be made.

“‘Plastic’ is a good term to use,
and the most convenient,” says Grula.
“However, a better term may be poly-
mer-based materials. The term ‘plastic’
is short for thermoplastic, which implies
that the material is melt-processable.
Some key material in the growth of
gears produced from polymer-based
materials may not be melt-processable;
they may require other fabrication tech-
niques, such as sintering. This is espe-
cially true in the area of materials with
improved heat resistance.”

Ticona’s Smith relates a humorous
experience he had at his local optom-
etrist that lends some perspective to the
confusion in terminology.

“(The optometrist) asked me if I

wanted polycarbonate or plastic lenses,
continued
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and I said, polycarbonate is plastic....he
said, ‘No it’s not.” And I asked, Well,
what is plastic? And he gave me some
spec number or something he thought
was plastic, but he insisted polycarbon-
ate was not plastic. And it was much
better than having glass or plastic.”
Automotive Inroads. And More.
Funny anecdotes notwithstand-

Ticona’s Smith supports that state-
ment, pointing to fundamental design
changes in how automobiles are built.
Those changes are leading to the
increased use of plastic gears that will
be required to function in an extensive
temperature range.

“Power steering is getting away
from hydraulics, and you’re beginning

in both Europe and the U.S.

Too, the home appliance market
has for years been fertile ground for
plastic gears. What is new is the fact
that plastic gears are now being seen in
heavy home appliances such as washing
machines.

Lack of True Benchmarks
a Standard Complaint

ing—and whatever one
calls it—the use of plas-
tic gearing is growing.

“Any opportunity
where operating envi-
ronment permits the
use of plastic gears, the
conversation is being
made,” says Edward
Butler, vice president
of engineering for Seitz
Corp in Torrington, CT.
“Temperature, stress,
and chemical attack,
which may be present in
the application, need to
be design considerations
for plastic gears. Plastic
gears are an inexpensive
solution to steel gears,
and offer such benefits
as reduced noise genera-
tion as well as improved
lubricity, which can be
added to plastic mate-
rial.”

Grulaechoes Butler’s
optimism for expanded
application opportuni-
ties.

“Automotive appli-
a high-
growth area for plastic
gears, and the continued
development and prolif-
eration of power-actu-
ated accessories is a key
driver.”

He adds, however, that those oppor-
tunities will also require more than
newly engineered plastics. “Greater
penetration in under-the-hood applica-
tions will require continued advances
not only in materials technology, but in
gear design and processing technology
as well.”
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Plastic gears are found in all kinds of applications. Shown here is an ABA-PGT gear set for
a device that makes change for paper money in vending machines.

Plastic gears are now common in automotive applications such as this seat position sensor
from ABA-PGT.

to see electric power steering with plas-
tic gearing being involved there,” he
says. “And there’s movement towards
electric in the braking system, and there
may well be an opportunity for plastic
gearing in that area.”

There are, according to Smith,
efforts already underway in that regard

www.geartechnology.com

If there is one
thing that retards
further expansion of
plastic gears in high-
er-performanceenvi-
ronments, it is the
lack of well-defined
global or even North
American standards.
Considerations such
as load and stress

conditions, toler-
ances, inspection,
calculation  soft-

ware, fatigue testing
and other due dili-
gence common to
gearing—both plas-
tic and metal—are
all areas that will
require more clar-
ity and consistency
in order to enable

expanded accep-
tance of plastic
gears.

David Sheridan,
senior design engi-
neer for Ticona,
is one of many in
the industry who
believes such clarity
is long overdue. And
it must allow for the
apples-and-oranges
differences  from
metal gears inherent
in injection-molded
plastic gears.

“There is definitely a need for some-
thing different from what is out there,
specifically in the plastic gear industry.
But the issue really is that gear feature
tolerances—within a certain quality
level—were originally established by
the metal gear machining capabilities.



And injection molding is really a dif-
ferent beast, and it has different capa-
bilities and properties. So for some
features you can get tighter tolerances
for molded plastic gears, and for some
features you get worse tolerancing.”

The nature of the “different beast”
that is injection-molded gearing does
indeed require outside-the-box calcula-
tion by gear designers that goes beyond,
for example, available standardized
ISO testing data for materials. Even the
most promising, leading-edge thermo-
plastics may go unused for gears if the
need for effectively precise standards is
not realized.

“For gear designers to get the precise
data that they require to optimize plas-
tic gear design and functionality—and,
thereby, expand into new markets and
end-use applications—the gear industry
needs to develop an agreed upon meth-
od to test molded plastic gears under
specific load and stress conditions,”
says Grula. “This is true even for exist-
ing materials, where much of this data
does not exist. It is likely even more
important as newer, higher-performing
materials are developed.”

He goes on to say that plastic-
specific gear testing is “difficult” due
to the many different variables fac-
ing gear designers in the interpretation
and implementation of the test data.
“This is an area in which the AGMA
Plastic Gearing Committee is working,”
he adds.

Grula’s frustration with this dilemma
serves to support Zan Smith’s thoughts
regarding the skepticism plastic gears
must overcome. He points out how that
skepticism adversely affects not only
plastic gear manufacturers, but also
end-users’ bottom line.

“Today, gear designers typically
have to rely on material performance
data derived from standardized (ISO)
testing, provided by material suppliers
to be used across all applications,” he
says. “The problem is that this data is
not specifically relevant to gears, so
the resultant gear designs and material
selections are often unnecessarily con-
servative, leading end-users to reject
plastic-based gear systems that may

offer the best, most cost-effective solu-
tion.”

Much of the need for new standards
derives from the physical properties
of plastic, especially in the injection
molding process. Seitz Corp.’s Butler
is another who maintains that more
robust, plastic gear-specific calculation
standards are a must for optimal gear
design.

“The ability to calculate contact
stresses, bending stresses and tooth
deflection is essential to good gear
design,” he says. “Approximation of
these calculations from ‘cookbook’ cal-
culations is still widely used; however,
actual modeling of the gear meshes in
an FEA package allows better evalua-
tion of the dynamics of the gear mesh,
resulting in better feature design.”

For ABA-PGT’s Wheeler, test-and-
verify is a good way to prevent costly,
uninformed assumptions in plastic gear
design, especially when a newly engi-
neered plastic is part of the equation.
A trap designers often fall into, for
example, is in extrapolating narrowly
derived performance standards to plas-
tic gear design.

“Plastics don’t behave like metals,
so it is always difficult to model plas-
tics. You can’t just pull data and trust
it,” he says. “Plastic tensile strength
standards—such as ASTM D638-03
(ISO 527-1)—give an approximation
only. ASTM test bars, which all sup-
pliers use, fall far short of a gear in
determining actual performance.

“Better is to get the wear and strength
data from actual gear testing. Some, but
not many, of the material suppliers are
working on compiling that data.”

According to some in the indus-
try, plastic gear design and certifiable
standards suffer from too much off-the-
shelf thinking when attempting to nail
down truly accurate tolerancing. As is
often the case, it is a question of quality
levels.

“The reason (tolerancing) is ham-
pered,” says Ticona’s Sheridan, “is that
the quality level that’s assigned to a
plastic gear is determined by its widest-
toleranced feature, so recognizing that
there needs to be something different

www.gearfechnology.com

March/April 2007

20" - 65" diameters

Fast | Jf"li\-‘l'l‘":.'

L g dwton] aliek dnn 1har waeti
Carbon, Alloy &
Stamnless Steel

Same I'L"l':r' [llll!ll“\-

Call 1-800-569-1420
wwwmainnesrolledrings.com

Fax 814-459-8443

GEARTECHNOLOGY 29



is key. One of the proposed solutions
is some kind of plastic gear accuracy
system that allows specific tolerancing
for specific features, instead of lumping
it all together under one grouping and
relying on the lowest common denomi-
nator.”

Given plastic gearing’s brief his-
tory, and the wider range of material
choices plastic provides, the stakes are
higher when attempting to qualify a
certain plastic for a high-performance

application. It is almost as if plastic is
literally held to a higher standard than
metal in that process.

“Plastic has been around for only
60 years, compared to metal where
they’ve had a long time to figure out
what’s right and wrong, and even so
they’re still tweaking,” says Smith. “So
usually, when the metal guys are work-
ing on something they’re looking at a
relatively—especially in the high-per-
formance stuff—few materials. So you
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can practically write a standard for a
specific grade of metal.

“Whereas in plastics, we have all
kinds of different polymer bases with
all kinds of different additives we can
put in to modify it. And then we can
mix and match all kinds of different
materials in the same gear set and a dif-
ferent housing. So you can have three
or four different materials in the same
application.”

Beyond standards, plastic gears
present other hurdles for material sup-
pliers and gear makers. Lubricity, ther-
mal expansion and contraction effects
on mesh geometry, flexing and creep,
parallelism of gear housings relative to
stiffness, fatigue endurance and reliable
calculation methodology are among the
more important issues.

Butone “hurdle,” according to Grula,
can in fact lead to a beneficial result in
a number of ways. He points out that
the teeth of plastic gears—by their very
nature—flex back and forth repeatedly
when in operation, which in fact results
in significant load sharing between the
teeth. This characteristic explains why
plastic-molded gears often exceed their
expected performance level.

“Other areas where gears made from
polymer-based materials can signifi-
cantly out-perform metal gears are in
noise reduction, corrosion and chemi-
cal resistance, reduced weight, design
freedom/combined functionality, and
also cost.”

Experience Counts.
And Saves Money.

The last, key ingredient in plastic

gearing—as far as the customer/end-



user is concerned—is where to go to
have them manufactured. It depends
in many ways upon the difficulty of
the application. For commodity-type,
simple gear sets, most injection molders
are a reliable resource. But if gear qual-
ity—low noise and vibration, optimal
repeatability of positioning tolerances
and long product life—is paramount, an
experienced gear injection molder is the
best resource, says Mark Thompson,
ABA-PGT’s business development
director for molding.

“Plastic gear quality is usually deter-
mined by measurements of concentric-
ity, roundness, involute profile, tooth
spacing errors, axial hourglass or taper,
helix angle and size, i.e., arc tooth
thickness, outside and root diameters.”

Another distinct reason for not going
on the cheap with a generic molder is
that elephant in the room—the lack of
reliable, universal inspection standards.

“Plastic gear quality is sometimes
determined by analysis of material
integrity, for which no common inspec-
tion methods have been developed,”
says Don Ellis, an ABT-PGT gear engi-
neering team leader. “Some of the com-
mon areas that affect the quality of
plastic gears are crystallinity (strength),
voids (internal stress risers), cold welds,
residual stresses and location (align-
ment of fibrous reinforcement along the
tooth profile).”

He adds that to prevent part varia-
tion, it is vital that the injection molder
have extensive experience and knowl-
edge in gear making as they pertain to
controlling: material conditioning; time
and temperature (must be held to the

Not your father’s metal gear shop. (Photo cour-
tesy ABA-PGT.)

recommended processing parameters to
prevent the material from degrading,
which would result in reduced material
properties); time and pressure settings
for injection; temperature/injection rate;
and mold cycle time. And while non-
gear molders may well be aware of all
these concerns, it is typically their lack
of a gear-specific information database
that results in taking several bites of
the apple before a gear is manufactured
with the required precision.

So, if you are a gear designer or
parts specifier, which will it be—plastic
or metal? It is your decision, of course,
but make sure you do your homework
before you buy.

Another tale from Zan Smith
explains why.

“I remember seeing a machine shop
machining a bevel gear that was rela-
tively low in volume. And when I asked
why they were machining instead of
injection molding it, the shop owner
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said that his customer required the
accuracy of machining. This was only
a couple of years ago and he had been
doing it that way for 20 years, and his
customer is probably unaware that the
accuracy of the plastic gear industry
has changed so much in 20 years that he
can probably get a more accurate (and
cheaper) plastic part than from the guy
machining it. But everyone was happy,
although that was clearly an application

that could have been replaced by injec-
tion molding.” €8
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Transmission Error and Noise
Emission of Spur Gears

Piermaria Davoli, Carlo Gorla, Francesco Rosa, Fabrizio Rossi and Giuseppe Boni

Management Summary
Transmission error (TE) is recognized as one of the most important causes of gear acoustic emis-
sions. There are many ways to reduce it in the design of the gear teeth, but the effectiveness of
any action needs o be validated through experimentation with real parts. In this paper, a test rig
for TE measurement is described and some TE experimental measures are discussed.

Introduction

According to Munro (Ref. 1), the idea of “transmission
error” was introduced first by Harris (1958) and, some years
later, by Niemann and Baethge.

Nevertheless, before the analytic definition of TE, it was
universally recognized that tooth deformation under load
during mesh affects the meshing kinematics, thus causing
impacts between mating teeth, which are the main source of
the acoustic emission of the transmission. Profile modifica-
tions (e.g., “K profiles”) were born from this recognition
and are widely applied today, but these modifications are
often based on empirical rules, or they are selected accord-
ing to similar successful experiences. Therefore, the practice
of applying profile modifications to reduce gear noise and
vibration was introduced before the definition of TE, as
confirmed by papers in the 1940s by H. Walker and D.W.
Dudley, who proposed to use it “to reduce noise, friction and
wear” (Refs. 2-5).

Today there are many theoretical and computational tools
which can predict the transmission error of a gear during the
design stage. These tools allow the designer to introduce
appropriate profile modifications to reduce TE, not empiri-
cally, but on the basis of consolidated theories.

Nevertheless a precise correlation between gear TE and
noise is still lacking, and much research continues because
of the great number of phenomena involved. Due to the
unavoidable approximations introduced by numerical models
and to the difficulties in reproducing the desired tooth profile
through machining processes, it is not easy to choose the best
modification for decreasing acoustic emission.

In order to develop a theoretical model closer to reality,
experimental tests are necessary to understand why some-
times profile modifications, designed to reduce noise, have
such different effects from those predicted.

What is Transmission Error?

Let us consider the driven gear of a set: TE is the differ-
ence between its actual position and that corresponding to
the ideal case of perfect meshing conditions (Refs. 1, 6).

There are many reasons for the presence of TE in gears.
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One is unavoidable: gears are subject to torques, which cause
forces on teeth, thus modifying their geometry by bending.

Another unavoidable effect, which would exist even if
tooth deflections were negligible, results from machining
errors (profile and pitch error, eccentricity, etc.) and assem-
bling errors, which modify the ideal geometry of the gear.

Therefore real teeth—deformed under load, affected by
machining and mounting errors—are subject to different
working conditions from the ideal ones. In particular, the
different geometry of the teeth at the beginning of the mesh
causes impacts.

Transmission error is the indicator of all these effects and
is defined in this way:

TE=0,-1.9,

<,
where

0, = angular position of pinion
0, = angular position of gear
z, = number of teeth of pinion
z, = number of teeth of gear

The measure of TE is complex, not only because it is
influenced by many factors, but also because it is often very
small. For this reason, it is necessary to have very accurate
measurement instruments, and also a test rig which allows
the isolation of TE from all other phenomena. This enables
the measurement of TE caused only by meshing, without
the influence of other effects like compliances, manufactur-
ing and assembling errors of the test rig, drive irregularities,
dynamic effects, etc.

Test Rig and Measurement System

The most important feature of a test rig for TE measure-
ment is stiffness: torsion and bending stiffness of the shafts,
stiffness of bearings and of the casing.

If the stiffness of all these parts is much greater than that
of the elements involved in meshing (teeth and gear blank
stiffness), we can see and measure the phenomenon in its
“pure” form. But if the parts of the test rig have stiffness of

www.gearfechnology.com



the same magnitude, many effects mix together and influence
the final measure. Thus the results are not easily interpreted,
and the TE is difficult to evaluate quantitatively.

A test rig specifically designed to measure TE has been
constructed by the authors, with the aim of obtaining the
maximum stiffness compatible with the dimensions of the
layout of the test rig. Its features are described in Reference
7. The most important characteristics are the following:

* Three-phase asynchronous motor controlled by inverter,
with maximum power of 100 kW, maximum torque of 500
Nm and maximum speed of 3,800 rpm.

* Two eddy current brakes.

* Variable center distance of gears.

A schematic and photo of the test rig are shown in
Figures 1 and 2. Gears are mounted overhung to allow a
quick setup, but the overhang is kept as low as allowed
by the gear face width and bearing dimensions. The shafts
are supported by two heads, which can be positioned and
adjusted in any direction on the support plane. In this way,
it is possible to set the desired center distance, with the lim-
its defined in the design step, and misalignments, both in
the plane of the shaft axes and in the orthogonal one. The
misalignment in the plane of the axes is driven by a pin cen-
tered on the gear middle face, while the misalignment in the
orthogonal plane is set by means of shims; appropriate refer-
ence marks, machined during the manufacturing, allow an
accurate measurement of the position.

As explained in a previous paper (Ref. 8), the TE mea-
surement system designed for this test rig is based on optical
encoders, chosen for their high accuracy and preferred to
other measurement systems based on radial and tangential
accelerometers. The two encoders measure gear positions
61 and 62; these measurements, properly elaborated, let us
calculate TE.

On the basis of the TE definition, its measure requires
the independent measurement of the two angles 6, and 0,.
It is fundamental that errors and measurement uncertainty
are lower than quantities to be measured. Since the TE of
high-quality gears (those generally involved in applications
which need this kind of measurement) amounts to seconds of
a degree, the measurement system must have a higher degree
of precision.

For this reason, two high-resolution Heidenhain encoders
with 18,000 divisions have been chosen. The high number
of angular divisions enables a high resolution. One angular
division corresponds to 72" of degree, and it can be further
divided if the acquisition system can identify, without alias-
ing, the sinusoid generated by the encoder corresponding to
the passage of an incision. This involves an upper thresh-
old of drive shaft angular velocity, which depends on the
maximum acquisition frequency of the used data acquisition
board. Signals are acquired along with a reference phasing
signal, which enables the correlation of the angular positions

www.geartechnology.com

AT

Figure 1—Schematic layout of the test rig for TE measurements: M =
motor; T = torque meter; F, & F, = eddy current brakes; G = couplings;
and E, & E, = optical encoders.

Figure 2—The test rig.

of the two gears, which in turn allows the creation of TE
diagrams, always starting from the same meshing teeth of
pinion and wheel.
Experimental Results
Two series of experimental tests have been completed.
In the first one, a gear set with profile modifications on
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Figure 4—Profile modifications of the second gears.

Table 1—Gear set parameters.

GEAR SET

Module m (mm) 3.5
Pressure angle a. ( °) 20
Helix angle B (°) 0
Center distance a (mm) 160
Addendum for unitary module H, 1
Dedendum for unitary module H, 1.36
Ratio g, 1.43
Tooth quality for DIN 3961 7

Table 2—Pinion parameters.

PINION
Number of teeth z, 34
Pitch diameter @, (mm) 119
Profile correction X,em (mm) +25
Face width bp (mm) 15

pinion and wheel tooth tips (Fig. 3) has been tested. In the

second one, a gear set having the same macro-geometry, but

with an almost null profile modification on both pinion and

gear (near to pure involute profile), has been tested (Fig. 4).

Tables 1-3 report the macro-geometry data of both gear sets,

which therefore differ only in profile modifications. TE and

acoustic emission measurements have been performed for
both gears.

The manufacturing process of the gears is the following:

. Blank Turning.

. Hobbing.

. Case carburizing and case hardening.

. Generation grinding.

. Grinding of the hole and of the reference axial plane, with a
single positioning on the machine and using the gear teeth as
reference.

The signals are acquired by the two encoders and, after
the elaboration of the signals by means of a specially devel-
oped software program, TE diagrams are calculated.

Figure 5 shows TE measured on the first gear set (with
profile modification) as a function of pinion position and
applied torque. We can clearly see that measured TE has the
two typical components: a constant one, growing with the
applied torque (because it corresponds to gear tooth mean
deflection under load) and a variable one, corresponding to
stiffness variation and manufacturing errors.

By virtue of a frequency spectrum that has been calculat-
ed for every TE measurement (Fig. 6), we can recognize the
different components of the signal: the low-frequency har-
monic (one per revolution) caused by gear eccentricity, the
harmonic at mesh frequency with its multiples, and spectral
components at lower frequencies than mesh frequency.

The amplitude of the first spectral component (mesh
frequency) depends on applied torque, as we can clearly see
in Figure 7. Therefore, an accurate study of profile modifica-
tions can reduce TE in correspondence with a chosen value
of applied torque, reducing acoustic emission at the source.

Noise measurements on the same gear set considered for
TE are shown in Figure 8. We can see a close correlation
between sound pressure level (SPL) and TE in that the torque
values that minimize TE also minimize acoustic emission.

If we plot SPL spectrum at a given torque at different
motor speeds (Fig. 9), we can see mesh frequency and its
multiples shifting on the frequency axis. These diagrams are
also called “waterfall” diagrams.

By properly filtering the SPL signals (Fig. 10), we can
highlight the phenomenon of sidebands, which consists of
harmonics at the following frequencies:

fsb:a-fzib'fsl’z va,bEN

O N O R S R

where

/. = mesh frequency

f., = input shaft frequency
[, = output shaft frequency
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Table 3—Wheel parameters.

WHEEL
Number of teeth z 55
Pitch diameter d, (mm) 192.5
Profile correction x em (mm) + 2.151
Face width b (mm) 14
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Figure 5—TE versus applied torque (first gear).
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Figure 6—TE spectrum versus applied torque (first gear).
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Figure 7—Spectral component of TE at mesh frequency versus applied
torque (first gear).
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Figure 8—SPL versus speed and torque (first gear).
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Figure 9—Sound pressure waterfall diagram (first gear).
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Figure 10—Sidebands (first gear).
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Figure 11—Spectral component of TE at mesh frequency versus applied
torque (second gear).

-

Figure 12—SPL versus speed and torque (second gear).

The same measurement procedure has been applied to the
second gear set, but with no profile modification. SPL values
are shown in Figure 12. We can clearly see that acoustic
emission increases linearly with applied torque, and its trend
follows that of the amplitude of the harmonic at mesh fre-
quency (Fig. 11), as observed for the first tested gear.

Conclusions

Measuring TE is necessary to validate profile modifica-
tions, defined during the design phase, in order to reduce
acoustic emission. TE measurement is complex and requires
an appropriate test rig; otherwise experimental results can be
influenced by other phenomena, which can hide the compo-
nent due to tooth deformation.

On the basis of an accurate analysis of the experimental
results—and with the help of theoretical simulations—pro-
file modifications can be improved, allowing for a solution
that minimizes TE at the desired torque.

A mix of theoretical simulation and experimental valida-
tion seems to be the right way to design quieter gears and
transmissions. {2
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EFFECTS ON ROLLING
CONTACT FATIGUE
PERFORMANCE—PART Il

Dr.-Ing. Gottfried Hoffmann and Williom Jandeska, Ph.D.

Management Summary

This is Part Il of a two-part paper that presents the results of extensive test programs on the RCF
strength of PM steels and discusses the effects of some important material and process variables. (Part |
was published in the January/February 2007 issue of Gear Technology.) The results here are compared to

those of wrought steels presented in Part | of this paper. Also, a procedure will be introduced that acceler-
ates tests for systematic studies of the effect of individual material/process parameters on rolling contact
fatigue (RCF) strength of materials. This procedure combines testing under full EHD lubrication with eddy
current technology and microstructural analysis to indicate crack initiation and growth

PM Processes for
Gear Manufacturing

Powder metallurgy processes are
often chosen for their cost-reducing
potential. Manufacturing near-net or
net shape parts with excellent repro-
ducibility, minimizing or even avoid-
ing secondary machining operations,
and high utilization of materials and
energy are the main driving forces to
convert from wrought or cast to PM
materials. However, when PM parts are
being considered and PM materials are
being selected, designers need to take
into consideration the role of the inher-
ent porosity and its effect on static and
dynamic properties. The lack of a com-
plete understanding of the porosity-
property relationship requires extensive
tests of PM parts under real operational
loading conditions to avoid premature
failure of parts and structures (Ref. 29).

The PM industry is aware of this
problem and seeks to provide its cus-
tomers with the required material data
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and to develop new technologies that
reduce porosity either within the whole
part or in certain, highly-loaded areas
such as the surface (Refs. 29-34).
These developments are necessary to
expand the use of PM products within
the automotive and other industries.
Future expansion of PM technology is
expected in manufacturing highly load-
ed gears in automotive transmissions
by powder forging or surface densifi-
cation of PM pre-forms (Ref. 35). To
successfully replace wrought steel in
those applications, the PM industry has
to prove that materials and processes
are competitive or superior and can
be used to reduce cost considerably
without reducing the reliability of the
products. Due to the fact that PM pro-
cesses have a higher degree of variabil-
ity than manufacturing processes for
wrought materials, systematic studies
of the effect of process parameters on
final product properties are requested
by the end-user.
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Role of Porosity in PM Steels

It is common knowledge that the
inherent porosity affects the mechani-
cal properties of PM materials in two
ways (Ref. 36):

1. Linear reduction of static proper-
ties such as ultimate tensile strength,
yield strength, and Young’s modulus
(assuming maximum porosity of 10—
15%, which is typical for structural
parts).

2. Exponential reduction of dynam-
ic properties such as elongation, fatigue
strength and impact energy.

There is no doubt that porosity also
plays a very important role and even
may be the most determining factor
in the RCF strength of PM steels. To
understand the role of pores in RCF,
one has to distinguish between sub-
surface failure and surface conditions,
including the role of lubrication in
RCF.

Subsurface Failure. Pores within
the material act as nucleation sites for



subsurface cracks. Surrounding mate-
rial can be plastically deformed by the
stress field and can yield into the open
space provided by the pores. As with
fatigue under tension, it can be expect-
ed that cracks grow from pore to pore
(Ref. 37). Whether the reduction of
stress intensity at the crack tip due to
pores has a measurable effect on the
growth rate has yet to be determined. In
surface-densified PM steels, previously
existing pores collapse under the com-
pressive pressure of the densification
and have the potential to form micro-
cracks if not healed by subsequent sin-
tering or heat treatment.

Surface Condition

Affected by Pores

High Porosity (Less Than 90%
Theoretical Density.) In highly porous
materials, the pores form an intercon-
nected network throughout the mate-
rial. The material behaves in a similar
way to foam and is capable of absorb-
ing a certain amount of lubricant. Like
in porous bushings, pressure gradients
due to the contact pressure within the
material lead to the flow of lubricant
from areas of high pressure to those
of low pressure. If the pressure at the
surface exceeds the resistance of the
porous structure, the lubricant film in
the contact zone becomes unstable and
may collapse, causing excessive fric-
tion and wear. This critical oil pres-
sure is affected by the number of pores,
the connections between the pores, the
shape and size of the pores, and the
viscosity of the lubricant.

The connected pore structure, on
the other hand, may have a positive
effect on the RCF strength of the mate-
rial. Assuming that the contact pressure
does not exceed the critical pressure,
the pore structure may act as a kind
of damping buffer for pressure spikes
that occur at high asperities and at the
exit of the contact zone. Furthermore,
the pores can provide lubricant and
enhance the grip of the oil film at the
surface.

Low Porosity (Greater than 95%
Theoretical Density). At higher den-
sity, the pores become more and more
isolated, and the interconnected net-
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Figure 15—RCF strength of PM steels at different densities (Ref. 38).

work of pores is replaced by isolated,
closed pores. Due to the fact that pores
often represent the open space between
powder particles and previous particle
surfaces form grain boundaries in the
sintered structure, grain boundaries
usually lead to those pores. If pores are
open to the surface, the effect is simi-
lar to dents in the surface. The damp-
ing effect of pressure spikes dimin-
ishes, and elastic deformation of the
surrounding material can lead to high
hydrostatic pressure within the pores,
causing premature surface failure.

Experimental Test Results. There
is only one test program that deter-
mined the RCF strength of PM materi-
als at different densities under full EHD
lubrication, with and without sliding,
and line contact using the ZF-RCF test
rig (Refs. 26, 38, 39). The results indi-
cate a small increase or even a decline
in RCF strength when the density is in
the range at which the open pore struc-
ture changes into closed and isolated
pores (Fig.15).

It shall be noticed that materials
that show the largest drop contain cop-
per that is added to the powder mixture
as elementary powder. The copper par-
ticles melt before the sintering temper-
ature is reached, leaving pores behind.
Which role the additional pores play
in the decrease of RCF strength is not
understood yet. The reduced strength,
however, may have some important
consequences for porous PM materials
used in RCF applications:
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1. It may affect the trend in the PM
industry to produce parts at higher den-
sities. If a material is susceptible to
surface failure due to isolated, open
pores, it may be advantageous to avoid
the close pore structure and to maintain
an open pore structure.

2. To maximize RCF strength, full
density processes are necessary, with
special emphasis on surface topography
and surface porosity.

In order to study the effect of open
pores on failure mechanisms, a test
program was performed using sinter-
hardened PM steel to exclude any addi-
tional effect of case hardening (Ref.
40). The produced test specimens were
randomly divided into two groups:

Gotifried Hoffmann is president of V-Tech
International, a testing service provid-
er and consulting company in general
fatigue design and durability studies,
located in Milwaukee. In addition, he
teaches part-time at several universities in
Milwaukee and is a member of MPIF and
APMI. Hoffmann was the winner of the
2002 PM World Conference’s Outstanding
Technical Paper Award.

William Jandeska is a consultant with
Midwest Metallurgical Ltd. in the field of
automotive material, applications and
processes. He retired after 34 years at
General Motors—20 at the GM Research
Lab and 14 as a staff engineer in the
advanced materials and processing
group at GM Powertrain. Jandeska is a
fellow of the ASM Metallurgical Society
and APMI—The Powder Metallurgical
Institute.

GEARTECHNOLOGY 43



v ¥
i g TR
' Ay = ,
Ty Bt ey
= ., - = o
- * . _: =5
. L g - sl
. ., # e - - ‘."
3 N R T ey
= . - -
l-‘.'_.' :1" Tl > = _-?

a) Impregnated.

b) Not impregnated.

Figure 16—Failure mode in sinter-hardened PM Steel, density = 7.3 g/cm? (40).
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Figure 17—Crack and crack growth in nickel-rich regions.
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Figure 18—Effect of sinter temperature and nickel particle size on RCF of surface-densified PM

steel FLN2-4405 (Ref. 43).

One group was tested in the as-sintered
condition, the second group was resin-
impregnated to fill all open surface
pores. The microstructures in Figure
16 show that the impregnated samples
fail by subsurface cracking. The non-
impregnated sample, on the other hand,
fails by mixed surface and subsurface
cracking. The microstructure shows
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some cracks that clearly initiate from
surface pores.

The tests show the importance of
surface and subsurface porosity on
the RCF strength of PM materials.
Depending upon the RCF strength of
the material and the shape and size of
the subsurface pores, failure will be
initiated at the weakest point. If the
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material has high resistance to RCF,
surface pores can become the critical
initiation sites for cracks. When the
material has lower resistance, surface
cracks and subsurface cracks may have
similar chances to be formed.

More research must be done to
determine the role of open and closed
porosity on the RCF strength of PM
steels.

The Role of Nickel

Nickel is a very important alloying
element in powder metallurgy, due to
its low affinity towards oxygen and
positive effect on strength and heat-
treated microstructure. If used by mix-
ing elementary nickel powder with iron
powder, homogenization takes place by
volume diffusion, governed by Fick’s
second law of diffusion that leads to
the equation (Ref. 41):

D et =const 2)

D = diffusivity
= D, *exp (-Q/RT)

Q = activation energy [J/mol]
R = gas constant [J/(mol ¢ K)]
T = Temperature [K]

t = time [sec]

Furthermore, time for complete
homogenization is affected by the par-
ticle diameter of the nickel powder
imbedded in the iron matrix, and can be
calculated using the solution of Fick’s
second law for these special boundary
conditions (Ref. 41).

Standard nickel powder with an
average particle size of 7.5 um does not
homogenize completely under typical
industry-sintering conditions (1,120°C
or 2,050°F/30 min), leaving small Ni-
rich regions behind which form soft
spots after heat treatment or carburiz-
ing (Ref. 42). Traditionally, the role
of those soft spots has been regard-
ed as beneficial for fatigue properties
under tension loading (Ref. 43). Newer
research has called this belief into
question and identified those regions
as nucleation sites for crack initiation
with high crack growth rate, compared
to pearlitic or martensitic microcon-
stituents (Ref. 44).



Microscopical and SEM analyses
(back-scattered electrons) of RCF test
specimens also confirmed that, under
compressive loading, Ni-rich areas
are regions in which cracks preferably
nucleate. They also grow within those
regions before penetrating the matrix
material that usually contains martens-
ite or bainite, with spots of retained
austenite (Fig. 17).

There are several methods to avoid
costly Ni-rich areas in PM steels:

1. The use of pre-alloyed, iron-nick-
el powder.

2. The use of high-temperature sin-
tering (higher than 1,200°C-2,200°F)
or longer sintering time.

3. The use of fine nickel powder
that would homogenize at standard sin-
tering conditions.

As can be seen from Figure 18,
extra-fine nickel powder not only
improves RCF strength at the higher
load level, it also appears to affect the
strength at high numbers of load cycles.
Whether the improvements justify the
additional costs remains to be seen.

Surface Densification Process

for Highly Loaded Gears

Surface densification of PM pre-
forms is a promising technology to pro-
duce the high-density surface necessary
for highly loaded, helical automotive
transmission gears. The technology
must fulfill the requirements regarding
load-carrying capacity and cost reduc-
tion to be competitive (Refs. 32-35).
Figure 19 shows the equipment used
for rolling the surface of a pre-form
produced by the PM process to final
specifications, and the cross-section of
teeth produced by this process (Ref.
46).

A typical porosity profile is shown
in Figure 20. It is commonly agreed
upon that the depth of the densified
zone is defined by the region at which
the porosity is less than 2%. This adds
another factor into the material-RCF
strength correlation. There are two
very important conclusions that can be
drawn from the porosity profile:

1. The densification process must
be treated as the case-hardening heat
treatment: The depth of densification

a) Gear Rolling Equipment.

|- -

b) Surface-Densified Gear.

Figure 19—Surface densification of PM pre-forms (Ref. 46).
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Figure 20—Porosity profile of surface-densified Ancorsteel 4300 (Ref. 47).
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Figure 21—Microhardness and subsurface stress distribution.
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Figure 22—Effect of depth of densification on RCF strength of FLN2-4405.
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Figure 23—3-D CAD maps of first cracks in FLN2-4405.
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has to be adjusted to accommodate the
subsurface stress profile like the case
depth in case hardened steel. To pre-
vent the second major gear failure—
tooth root bending—a minimum den-
sification depth of about 0.5 mm has
to be maintained (Ref. 48). Therefore,
even if the subsurface stress distribu-
tion would allow a shallower densified
zone, it would not be beneficial for
gear applications to reduce the densifi-
cation beyond a certain depth.

2. There are few pores remaining
at and near the surface that are iso-
lated and not connected to other pores.
Those pores can act as nucleation sites
for cracks and, if open to the surface, as
nucleation sites for surface cracks.

Test Results For
Surface-Densified PM Steels

A systematic test program, spon-
sored by the National Science
Foundation (Ref. 2), was designed to
study the effect of materials and pro-
cess parameters on RCF strength of
surface-densified PM steels. In this
program, the eddy current technolo-
gy was used extensively. First cracks
were used as failure mechanisms, crack
growths were recorded, and the tech-
nique of sliced microstructures was
used to visualize first cracks in 3-D
maps produced by Pro-E CAD soft-
ware. The results of this program were
published (Refs. 3, 4).

Effect of Densification Depth. To
study the effect of the depth of the den-
sification layer, a typical PM material
(FLN2-4405) was densified to a normal
depth of 0.015" (0.4 mm) and deep-
densified to 0.030" (0.8 mm). Figure
21 shows the subsurface microhardness
profile and the subsurface von Mises
stress distribution of the test sample at
1,800 MPa. Both materials accommo-
date the stress profile very well.

The S-N curves of both materials
(Fig. 22) indicate that deeper densifica-
tion would have an unexpected, detri-
mental effect on RCF strength.

Comparing the first cracks, howev-
er, reveals that the failure mechanism
in both materials is different. While
the normal-densified steel shows sub-
surface crack initiation and growth, the



deeper-densified material fails by sur-
face-initiated cracks (Fig. 23).

The results emphasize the impor-
tance of crack analyses. By interpreting
the S-N curve alone without taking the
failure mechanism into consideration,
the conclusions may be misleading.
The full analysis of the failure will
change the focus on the densification
process. The reason for the change in
failure mechanism still needs to be
determined.

The crack propagation rate in both
materials shows very little difference,

Crmh Gy Hale - 41 . THH WPy

and the Paris coefficient is within the :
range of wrought steels under both ' : ' "
compression and tension (Fig 24). T M

Effect of Carburizing Cycle a—0.015" Normal Densified

The standard way of case-harden-
ing steel by carburizing contains two
cycles: P

1. Increased carbon potential in the
carburizing atmosphere for a certain
period of time (boost cycle).

2. Reduced carbon potential in the
atmosphere to allow carbon to diffuse ! e ]
into the material (diffusion cycle).

For case carburizing transmission
gears, the automotive industry often |
uses special heat treatment cycles
which contain multiple boost and diffu-
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sion cycles. Two different surface-den- £ ' -
sified PM steels were heat treated using Bayuns Bt ¥
the single- and the multiple-boost/dif- b—0.030" Deep Densified

fusion carburizing cycles. Table 5 con-
tains the process parameters of both Figure 24—Crack propagation rate in FLN2-4405 surface-densified PM steel.

carburizing heat treatments.

Figure 25 shows that the effect on Table 5—Carburizing Cycles
surface-densified PM steel is marginal.
Crack initiation analyses revealed that Process 1 Process 2
different failure modes occur in the dif-
ferent materials: Normal vacuum carburizing Special vacuum carburizing
l. FLN2-4405-process I: T = 1700°F/927°C T = 1700°F/927°C
Subsurface cracks and dominant sub-
surface crack growth. Boost = 30 min
2. FLN2-4405-process 2: Mixed Boost = 90 min Diffuse = 30 min
failure modes—surface and subsurface, Diffuse = 90 min Repeat four times:
dominant subsurface crack growth. Boost = 15 min
3. Ancorsteel 4300-both processes: Diffuse = 15 min
Surface-initiated cracks which grow
deep into the material, far below the Rapid gas quenched Rapid gas quenched
maximum subsurface stress (see Fig.
26). , , Tempered at 400°F / 205°C Tempered at 400°F / 205°C
SEM pictures of both materi-

als (Figs. 27 and 28) carburized with
www.geartechnology.com | March/April 2007 | GEARTECHNOLOGY 47
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Figure 25—Effect of different carburizing cycles on RCF strength.FLN2-4405 and Ancorsteel 4300,
both by Hoeganaes Corp. (Ref. 47).
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Figure 26—Crack path in Ancorsteel 4300.

a) Heat treatment process 1. b) Heat treatment process 2.

Figure 27—SEM of FLN2-4405 after different carburizing processes.

a) Heat treatment process 1.

b) Heat treatment process 2.

Figure 28—SEM of Ancorsteel 4300 after different carburizing processes.
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Process 2 show areas of micropitting,
which is usually experienced in car-
burized steels and low-viscosity lubri-
cants. Despite the fact that both condi-
tions are fulfilled in the ZF-RCF test
rig, it is the first time that micropitting
was observed in model testing. It is not
understood why the multiple-boost/dif-
fuse cycle would increase the chance
for micropitting, but the occurrence in
two completely different steels may not
be a coincidence.

Effect of Alloying Elements:

Nickel versus Chromium

Copper, nickel and molybdenum
are the most important alloying ele-
ments in iron powder metallurgy. The
reason can be found in the low affinity
toward oxygen, which prevents oxides
from forming and existing oxides from
being reduced at standard sintering
atmospheres and temperatures (Ref.
36). With the exception of molybde-
num, those alloying elements have
limited effect on the hardenabilty of
the steel. The PM industry tried for
many years, with limited success, to
use chromium and manganese as alloy-
ing elements because of their positive
effect on hardenability, which becomes
increasingly important due to the devel-
opment of sinter-hardened PM steels
and increased request for heat-treated
and case-hardened products (Ref. 49).
Recently developed chromium-contain-
ing iron powders show commercially
promising properties and low oxygen
content, even at standard sintering
temperatures and atmospheres (Ref.
47, 50).

Two different chromium-contain-
ing materials produced by two different
powder manufacturers were included
in this program. Table 6 summarizes
the chemical composition and major
process parameters of both materials.
Figure 29 shows the S-N curves of both
materials.

At first glance, it seems as if
Astaloy CrL is superior to Ancorsteel
4300 (Ref. 29). The 3-D maps of
the first cracks (Fig. 30) reveal that
Ancorsteel 4300 fails by surface-initi-
ated cracks, while Astaloy CrL shows
subsurface cracks. Therefore, the real



RCEF strength of Ancorsteel 4300 may
be higher if surface cracks could be
avoided; the material simply is not uti-
lized to its maximum strength due to
premature failure by surface cracks.
Comparison: Wrought Steel
Versus Surface-Densified PM Steels

Figure 31 summarizes the test
results obtained with surface-densi-
fied PM steels in comparison to those
obtained with traditional wrought
steels. It is obvious that standard PM
steels based upon FLN2-4405 (nickel-
containing) are comparable to AISI
5120, and the newly developed Cr-con-
taining steels reach the RCF strength of
AISI 8620. The slope of the S-N curves
of the PM steels is similar to the slope
of the AISI 8620 curve, but not as steep
as the AISI 5120. That means that PM
steels and AISI 8620 are more sensi-
tive for fewer but higher overloads than
AISI 5120. It is not understood at this
point in time if the effect is due to the
surface-densification process or to the
used alloying system.

It must be emphasized that surface-
initiated failures are dominant in most
materials, including the wrought steels.
Therefore, reducing surface poros-
ity and surface roughness would be
beneficial to fully utilize the material
strength. Whether special surface treat-
ments can be developed which could
be used economically in mass produc-
tion has yet to be seen.

Procedure to Study the Effect

of Individual Parameters

Based upon the information about
failure mechanisms using eddy cur-
rent, a procedure has been proposed
which can be used to study the effect
of material/process parameters system-
atically with only few test specimens
in a short period of time. Assuming
that the scattering of the data is not
drastically affected by the variation of
a single parameter, three tests should
be enough to determine the relative
effect on the RCF strength of the base
material. The following test procedure
is recommended:

1. Test—Determining the number
of load cycles until the occurrence of
the first cracks. Continue the test until
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Figure 29—RCF strength of chromium-containing, surface-densified PM steels.

a) Ancorsteel 4300.

b) Astaloy CrL.

Figure 30—3-D CAD maps of first cracks in chromium-containing PM steels.
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Figure 31—Comparison of surface-densified PM steels to wrought steels.
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Table 6—Chemical Composition of Chromium Containing PM Steels

Chemical Composition Core Case

Material [wt %] Density Depth

Cr | Ni | Mo | Graphite [ [g/cm?] [mn]
Ancorsteel 4300[47]| 1.0 | 1.0 | 0.8 0.6 7.3 0.8
Astaloy CrL[50] [ 1.5 | - | 0.2 0.2 71 0.7

final pitting while monitoring crack
propagation rate using the eddy current
recording.

2. Test—Determining the number
of load cycles until the occurrence of
the first cracks. Continue with step-
wise-reduced load levels and monitor
crack growth to determine a threshold,
if such a threshold exists.

3. Test—Determining the number
of load cycles until the occurrence of
the first cracks. Use the sliced micro-
structure technique and produce the 3-
D CAD map of the crack to determine
the failure mechanism.

This procedure allows study of
material and process parameter effects
such as:

1. Amount of retained austenite.

2. Residual stress and subsurface
residual stress distribution.

3. Surface topography and rough-
ness.

4. Effect of heterogeneous micro-
structures.

5. Depth of surface densification.

6. Heat treatment parameters.

7. Microstructural hardness
depth profile.

After the optimum combination for
a material/process has been developed,
the final material shall be tested with
a minimum of five test specimens at a
minimum of two load levels for con-
firmation, and to characterize the S-N
curve and the scattering of the data.

Summary and Outlook

The combination of RCF test-
ing under full EHD lubrication and
the eddy current technology opens a
new field of study of material behav-
ior under rolling contact fatigue load-
ing. For the first time, it is possible to
study the initiation of failures, monitor
crack growth and path of propagation,
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and determine the threshold for crack
growth. This new procedure of RCF
testing allows for systematic studies
of the effect of materials and/or pro-
cess parameters within a significantly
reduced period of time and number of
test specimens.

There are still some improvements
to be made to optimize this new pro-
cedure:

1. The correlation between eddy
current signal and flaw size has to be
established.

2. At the current setting, the eddy
current detects flaws mainly when they
reach the surface. It needs to be stud-
ied if by varying the sensor excitation
frequency and the evaluation mode,
subsurface cracks can be detected and
monitored before they reach the sur-
face. This would allow determining
subsurface crack growth rate that could
lead to a better understanding of what
causes the subsurface crack to initiate
and propagate.
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Asymmetric Teeth:
Bending Stress Calculation

Giulio Di Francesco and Stefano Marini

Management Summary

This article includes a brief summary of the
characteristics of involute asymmetric teeth
and the problems connected with the related
bending tests. The authors use an adaptation
of the standard ISO C methodology to deter-
mine bending stress calculations for gears with
asymmetric teeth. They compare their results
with results obtained using modern finite ele-
ment methods.

Introduction

In the design of transmission gears, it is often necessary
to increase bending strength while maintaining load carrying
capacity or increase the load carrying capacity while main-
taining bending strength.

A method of achieving either of those goals is the design
of gears with asymmetrical teeth. That is, the pressure angle
on the drive side is different from the pressure angle on the
coast side. It is possible to design teeth with the greater pres-
sure angle on either the drive side or the coast side, and each
method can have its advantages. For example, a greater pres-
sure angle on the drive side results in gears with higher load-
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carrying capacity. A greater pressure angle on the coast side
results in teeth with higher bending strength (Ref. 1).

Asymmetric teeth are well suited for cases where the
torque is transmitted only, or mainly, in one direction.
Because of the asymmetric teeth, designers are able to create
gear drives capable of handling greater torque in the same
amount of space, or they are able to reduce the amount of
space required to handle the same amount of torque.

Since the dimensioning procedures, such as the widely
used ISO C procedure, were developed and standardized for
symmetric teeth, today we still need to study and fine-tune
an ad hoc procedure for conducting bending tests on asym-
metric teeth.

One possibility is to use the finite element method
(FEM); for this purpose, the authors of this study have
developed an ad hoc modeling system (Ref. 2) for making
rapid and extremely accurate structural numerical analysis,
the results of which have been proved through a number of
experiments (Ref. 3). Using FEM analysis in dimension-
ing asymmetric teeth, however, may not be practical for all
gear engineers. In particular, many engineers who are used
to designing symmetric teeth do not regularly use finite ele-
ment methods.

The objective of this work, therefore, is to study a cal-
culation method which makes it possible to carry out the
dimensioning of asymmetric teeth using a “modified” ISO C
procedure, the same procedure that is widely used for sym-
metric teeth.

Form and Notch Factors for Asymmetric Teeth

According to the ISO C procedure, the maximum bend-
ing stress at the tooth root may be expressed through the fol-
lowing known relation:

c, = Y

F Fa

b-m

Y, Y, Y, (x,x, K, k,) D

The tooth asymmetry, if any, has no impact on either the
overload factors K, K, K B K, or the corrective factors Y,
and YB ; hence, the bending stress in asymmetric teeth, on
equal tangential force, face width and module, differs sig-
nificantly from the bending stress in symmetric teeth, merely
because of the different value given to form factor ¥, and to

notch factor Y, o
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In symmetric teeth, the factors’ values are determined
through the following relations:

n,
Y _6' F%n'COSO(a 12.3 (2)
Fa — 2

L21+L—
(s”l m) cosq. Yu=(2+013L )q "

where: La = SFn/hFa ; s = SFn/ZpF.

In order to use the ISO C procedure for asymmetric teeth,
we need to create a calculation method that is capable of
determining two factors, which we will here refer to as Ye,,
and Ye,, equivalent to the abovementioned factors Y., and
Y, and applicable in Equation 1.

With reference to Figure 1, note the asymmetric tooth
HCAK'L," with the driving side on the left; note, also, the
symmetric tooth HCDKI, both sides of which are identical to
the driving side of the asymmetric tooth.

The methodology of this study is based on two hypoth-
eses, the validity of which will be proven upon analysis of
the results: the critical section HK' of the asymmetric tooth
is assumed to be at the same distance from the center of the
wheel as the critical section HK, determined on the symmet-
ric tooth by the sixty-degree wedge; we define as axis of the
asymmetric tooth the perpendicular to segment HK', passing
through point L' of its center line.

The profile curvature radius, p,, at the critical point
H, is obviously identical for both symmetric and asym-
metric teeth.

In conclusion, according to Equation 2, the form and
notch factors of asymmetric teeth differ from those of sym-
metric teeth only inasmuch as the values of s, ~differ, equal
respectively to HK' and HK, and that of %, , equal respec-
tively to L'Y' and LY.

Considering that, for admissible Aa. values (Ref. 4) of
the tooth asymmetry, segment L'Y" is only slightly lower
than the corresponding segment LY, we have deemed it
opportune in this study to assume the value i, =LY also
for asymmetric teeth, for the benefit of greater accuracy. (In
fact, an approximated, rounded-up value is assumed for the
arm, which is conventionally defined in procedure ISO C, of
the bending component of the force of contact.)

Therefore, factors Ye, and Ye, for asymmetric teeth can
be determined by replacing s, in Equation 2, with the cor-
responding value s, , equal to the length of segment HK' of
Figure 1.

Calculation Software

The first thing the user must do in order to use the cal-
culation software, created using the Matlab® language,
is to enter all the input data necessary for determining the
characteristics of the toothing, namely, the number of teeth,
the tool’s geometric characteristics (module, pressure angle
of the two sides, addendum, tip radius), and the addendum
modification and addendum reduction coefficients. The user
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3

n »

XTIN X

Symbols

axial face width

distance between the critical section and the point
of intersection between the tooth axis and the
direction of the force of contact (arm of the bend-
ing component of the force of contact)

reference module

symmetric tooth thickness at the critical section
asymmetric tooth thickness at the critical section
addendum modification coefficient

number of tfeeth

tangential component of the force of contact
application factor (depending on the type of
driving and driven machine)

fransversal load distribution factor (depending on
the precision class and driving ratio)

disalignment factor

dynamic factor (depending on the speed and
precision class)

equivalent form factor for asymmetric teeth
equivalent notch factor for asymmetric teeth

form factor

notch factor

corrective factor for helical teeth

corrective factor depending on driving ratio
pressure angle

angle between the direction of the force of con
tact (applied at the outside radius) and the normal
at the tooth axis

reference pressure angle of the drive side
reference pressure angle of the coast side

tool’s tip radius

profile curvature radius at the critical section
maximum bending stress at the tooth root

' - \LIf
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Figure 1—Comparison of symmetric (HCDKI) and asymmetric (HCAK'I')
tooth forms.
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Table 1—Stress values calculated with FEM and

modified ISO C method.

must determine all the geometric parameters (characteristic
radius, thickness, etc.) of both the asymmetric tooth being
calculated and the symmetric tooth of reference, as described
above. The coordinates of the intersection points between

z Oy, Olyo Aa AG % ISO/FEM the involutes and the respective tooth fillet profiles are thus
20 20 20 0 10.55376 identified through the appropriate iterative cycles (for exam-
20 20 23 3 13.11262 ple, point U for the coast side of the asymmetric tooth in
20 20 26 6 12.58875 Figure 1); thus, the profiles of the two teeth, the symmetric
20 20 30 10 11.48727 and the asymmetric one, are fully defined.
20 20 32 12 10.41543 Once the coordinates of point U are known, it is possible
30 20 20 0 7.87013 to calculate the amplitude of angles 3, , 5, and v, shown in
30 20 23 3 9.699268 the figure (I’ is the starting point of the trochoid on the inside
30 20 26 6 8.93965 circumference). Through the application of widely used pro-
30 20 30 10 7.161882 cedures (Ref. 5), the coordinates of point H are determined,
30 20 32 12 6.145928 as well as the thickness s, = HK of the critical section of the
50 20 20 0 6.190476 symmetric tooth. Through another iterative cycle, the coordi-
50 20 23 3 7.413509 nates of point K' are determined, from which we can obtain
50 20 26 6 6.276626 the value of angle 5, .
50 20 30 10 4.417433 At this point, we determine the thickness of the critical
50 20 32 12 3.26284 section of the asymmetric tooth s,
100 20 20 0 6.397039
100 | 20 | 23 | 3 5.906907 Sknas = HK' = HK /2 + OL-tgyx- 3
100 20 26 6 5.736783
100 20 30 10 371128 where: OL = y-axis, previously calculated, of point H;
100 | 20 | 32 | 12 2.64881 Ve = Yo O
AG %
0
-2 - —
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Figure 2—Percentage decrease of stress calculated using modified ISO C (x=0; p_=0.25).
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Figure 3—Difference D between the percentage stress reduction calculated using modified ISO C method and using FEM (x=0; p,=0.25).
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Using the value of s, provided by Equation 3, we cal-
culate the form and notch factors, Ye,, and Ye,, . for asym-
metric teeth, through which we can finally determine the
maximum bending stress, 6,, at the root of tooth.

Results and Verification

As specified in the previous paragraphs, certain hypoth-
eses and approximations were assumed in order to fine-tune
the calculation methodology of this study. In order to assess
the validity of such methodology, we have deemed it oppor-
tune to make a comparison—through numerous combina-
tions of the tooth parameters—between the bending stress
values calculated using FEM methodology and the values
calculated using the modified ISO C procedure.

The test campaign highlights, in particular, how the
stress values for both symmetric and asymmetric teeth calcu-
lated using the FEM methodology are, as already known for
symmetric teeth, generally lower than the values calculated
using the ISO C methodology. This depends mainly on the
fact that the ideal stress calculated using the FEM methodol-
ogy in the most highly stressed point of the tooth fillet of the
driving side (traction area) takes also into account, with great
accuracy, the compression resulting from the radial compo-
nent of the force of contact between the teeth.

The most important point that we can make after having
analyzed the results is the fact that the differences between
the stress values calculated using the two methodologies are
not directly dependent on the tooth’s degree of asymmetry. It
is possible to verify the above by the data in Table 1, which
shows, for some of the case studies: the number of teeth z,
the pressure angle of the driving side o, the pressure angle
of the coast side o, the degree of asymmetry Ao = o/, ,
the percentage difference Ac% ISO /FEM between the
stress calculated using the ISO methodology (modified in
the case of asymmetric teeth) and the stress values calculated
using the FEM methodology (the symmetric tooth case stud-
ies are highlighted in the table).

The values in Table 1, particularly those of
Ac% ISO / FEM, make it possible to propose the procedure
referred to in this paper for determining the equivalent form
and notch factors for asymmetric teeth and, consequently,
the use of the ISO C methodology also for this type of teeth.

By using this methodology for a wide range of case stud-
ies, we were able to obtain a large number of calculation
results. Figure 2 shows a graph—of the several obtained
by varying z, x and p_;—which indicates, in relation to the
degree of asymmetry Ao, the percentage of stress reduction
A% versus symmetric teeth (x = addendum modification
coefficient; p_, = tool tip radius).

Using graphs like the one shown in Figure 2, the designer
of asymmetric teeth can obtain a direct estimate of the
expected stress reduction, with respect to traditional sym-
metric teeth.

Finally, as further proof of the validity of the calculation
method proposed in this paper (the “modified” procedure
ISO C), we have evaluated, always in relation to the degree
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of asymmetry, the difference D between the above said
stress reduction A% and the corresponding stress reduction
calculated using the FEM methodology. Also in this case,
we have drawn numerous graphs (one example is shown in
Figure 3), which show a very slight difference, in fact, lower
than 2-3%.

In other words, for evaluating the stress reduction obtain-
able through the use of asymmetric teeth, the estimate pro-
vided by the proposed procedure does not differ greatly from
the one provided by the FEM procedure.

Conclusions

The calculation method created in this study, used for the
dimensioning of asymmetric teeth, allows the user to deter-
mine valid “equivalent” form, Ye,., and notch, Ye, factors;
the software created ad hoc simplifies this calculation.

Using the equivalent factors, we are able to estimate the
maximum bending stress at the tooth root with an approxi-
mation, rounded up, which is very close to that commonly
considered acceptable for symmetric teeth.

In brief, the results of this work clearly show that gear
designers may conveniently use the widely used ISO C pro-
cedure for verifying the bending stress in the case of asym-
metric teeth, £
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Case Study

Forest City

PUTS TEETH IN COMPETITIVE STRATEGY WITH
SUNNEN’S BORE HONING MACHINE

orest City Gear president Fred
F Young has a straightforward
strategy for acquiring and
retaining  business—always
give the customer a higher level of
quality and performance than specified,
but do it without adding much cost or
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time to the job.

“On bore-type gears,” he says, “we
have found that honing the bore is a
good way to improve quality in the
areas of size, roundness, straightness
and finish, without adding a lot of
extra cost. The customer notices the

www.gearfechnology.com

difference in a smoother, quieter, more
efficient drive.”

Depending on the production needs
for a specific gear, Forest City Gear
hones at various points in the manu-
facturing process using three differ-
ent systems. One of those systems—a



fully automated vertical machine—uses
Sunnen’s patented Krossgrinding®
tools, which the manufacturer says are
capable of controlling bore size down to
0.00005" and finish to 16 pin or better.

Forest City produces fine- and
medium-pitch custom gears, such as
internal, helical and spur as well as
worms, splines and sprockets at qual-
ity levels as high as AGMA 15 (DIN
2-3). Maximum O.D. on most parts is
20", except for worms (5") and worm
wheels (16"). Forest City’s gears are
used in planes made by Boeing, Airbus,
Cessna and Beechcraft, as well as for
the space shuttle, the space station,

Mars rover vehicles and the Abrams
tank. Many motorcycles and race cars
use Forest City gears, as does one
of the few bait-casting reels made in
the United States. About 30% of the
company’s work is aerospace-related,
5-10% medical, 5% military, and the
remainder is industrial or instrument
work. Part runs range from one to sev-
eral hundred thousand. Typical materi-
als include 12L14, 1215, 8620, 9310
and various stainless grades, as well
as aluminum, bronze, brass, Inconel,
Hastelloy, titanium, plastics, wood fiber
and powdered metal.

One of Forest City Gear’s core
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products is pump gears, which start
as flat, washer-type blanks made on a
screw machine. “These gears operate in
a small housing, so any perpendicular-
ity error in a shaft-mounted gear causes
wobble, loss of efficiency, noise and
increased friction,” says Young. “An
adage of gear making is that a gear can
be no more accurate than the blank with
which you start. On a bore-type gear,
this means starting with parallel faces
and a perpendicular, round bore with
parallel walls, and no taper or belling.
Our minimum standard is +/-0.0005"
for parallelism and perpendicularity,

and we’ll work to tighter tolerances as
continued
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circumstances require.”

The pump gear blanks are double-
disc-ground for face parallelism and
width, then re-bored on an automated
boring lathe to re-qualify the perpen-
dicularity. “We leave some stock in the
bore because it is much easier to control
absolute size on a hone than it is on a
lathe,” Young adds. These blanks are
stack-hobbed, and grouped on an arbor
in quantities based on four times the
diameter of the bore, divided by the
face width of the part. “If you don’t
have good parallelism and perpendicu-
larity, it can introduce lead error in
cutting the gear, or it forces a reduction
in the number of blanks on the arbor,
eroding your production efficiency,” he
explains.

Pump gears often have a standard
keyway or a blind-hole keyway added
that must align with a tooth. “When
we cut that keyway, it throws up a tiny
burr, so honing for final size allows us
to clean up that burr, too,” says Young.
“This is where the Sunnen machines
really shine, allowing us to control
final size automatically down to a few
microns, a fraction of our allowed toler-
ance. Honing also leaves a crosshatch
pattern on the bore surface, which helps
maintain a film of lubrication for gears
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that rotate on a shaft.”

Young explains that the five-tenths
tolerance on the bore size shrinks to
three-tenths or less when Six Sigma
quality requirements are imposed. “Our
real working tolerance is much smaller
than the print spec, if we are shooting
for a Cpk of 2 or better, which we often
achieve,” Young says. “In fact, we have
run capability studies where we’ve hit
double-digit Cpk levels when honing
for bore size, and we consider it a less
expensive and temperamental process
than ID grinding.”

Honing, in fact, is a less-costly pro-
cess, with an automated single-spindle
hone typically costing 50-75% less
than an ID grinder, according to Rich
Moellenberg, manager of Sunnen’s cus-
tom products group.

“With automated honing, we can
easily hit tolerances of 50 millionths to
two tenths, so the gear is going to roll
more smoothly, more quietly, with less
vibration and probably last longer,”
Young stresses. “There will be a per-
ceived improvement the customer can
sense, even without sophisticated mea-
suring equipment. This establishes high
customer expectations that are difficult
for competitors to meet.”

Forest City Gear owns three Sunnen
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hones: a fully automated vertical MHS
system, predecessor to Sunnen’s new
SV line, and two EC-3500 machines,
predecessors to the new ML-4000
power-stroked machine. The verti-
cal MHS machine has a rotary table
with two workholding positions fed
by a robotic loading system, ensur-
ing high “in cut” times. Krossgrinding
tools combine the traditional expand-
ing-mandrel design with a long-wear-
ing, diamond-plated sleeve, so they
operate much like a traditional honing
tool with stones. “We get a tool life
of about 250,000 parts, depending on
the material, while typically remov-
ing 0.0020-0.0030" of stock at cycle
times of 15 seconds,” Young says. A
new Sunnen SV-1005 vertical honing
system will soon replace the workhorse
MHS machine.

One of the two EC-3500 power-
stroked hones has an auto loading sys-
tem. These machines allow feed rate,
stroke length and stroke speed to be set
at the control. Sensing probes monitor
bore size and automatically end the
cycle when the bore hits the specified
size. The control also has capability for
automatic stone wear compensation and
two-stage feed pressure, which allows
cycle time reduction by removing most

stock at a higher feed pressure, then fin-
ishing at lower pressure. “We use CBN
and aluminum oxide tooling on these
machines in several different configura-
tions, depending on whether the bore is
blind, keyed, etc.,” Young explains.

Forest City Gear employs honing
at various points in manufacturing.
Parts are typically honed after hobbing,
but on extremely critical gears, blanks
might be honed before and after cut-
ting. “If we have a very tight tolerance
situation and want better sizing than we
can get by boring on the lathe, we might
hone before cutting, as well as after,”
Young says. “Fixturing on the hones
also allows some degree of control and
correction of perpendicularity, should
we need to do that. If parts are heat-
treated, they are honed afterward to cor-
rect for the slight shrinkage in bore size.
And if there is a plating operation, we
have found it is easier to remove plating
from the bore using a hone than it is to
mask the part for plating.”

Forest City Gear devised a clever
way to check the functional perpen-
dicularity on bored gears that involves
grinding almost all the taper out of a
lathe mandrel, which then allows the
gear to fit snuggly on it without tipping.
With the mandrel mounted between
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centers and an indicator on the periph-
ery of the gear, any perpendicularity
error shows up when the gear is rotated.
“This rotational check of perpendicu-
larity is, we think, a better test of how
the part will perform when sandwiched
into the confines of a housing,” Young
explains.

No matter what the part print speci-
fies, all customers want quieter drives,
smoother operation and greater effi-
ciency, Young stresses. “We strive to
give customers a product that is notice-
ably better than what they would get
from a competitor working to the same
spec,” he says. “Honing allows us to
do that and to establish ourselves as a
preferred supplier, while still making
a profit.” i

For more information:
Forest City Gear Co.

11715 Main St.

Roscoe, IL 61073

Phone: (815) 623-2168
E-mail: fyoung@fcgear.com
Internet: www.fcgear.com

Sunnen Products Co.

7910 Manchester Ave.

St. Louis, MO 63143

Phone: (314) 781-2100
Internet: www.sunnen.com
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AT HANNOVER FAIR 2007, BIGGER IS BETTER

4
P

T

www.hannovermesse.d

Hannover Fair 2007, the largest
exhibition of industrial technology on
the planet, is set to run April 16-20 in
Hannover, Germany. Now approaching
its 60th year, Hannover Fair is the ulti-
mate industrial show for sellers and
buyers of industrial automation for
process, production and  building
automation; a full range of energy
technologies; subcontracted components
and systems for the production indus-
tries; industrial software and services;
microsystems and nanotechnology; and
research & development. Fair organizer
Deutsche Messe anticipates nearly 6,000
exhibitors this year, comprising 2.15
million square feet of floor space.

Recognized through the years as a
prime resource for stand-alone machinery
and components, the venue is now widely
attended for its display of fully integrated,
latest-technology manufacturing solu-
tions. Another benefit of Hannover Fair
is its focus on expanded applications for
existing technology.

SEW-EURODRIVE

Stefan Brill
Manager, Public Relations

“At Hanover Fair SEW-
EURODRIVE will provide drive
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April 16-20
Hannover, Germa

solutions for each customer, starting
with components like geared motors
or frequency inverters, de-centralized
drive technology or a new series of
industrial gears (gears beginning with
500,000 Nm), followed by systems for
the drive automation technology based
or focused on branches. Last, but not
least, we will show a complete EMS
system (Electric Monorail System).
With this system, OEMs and end-users
are able to optimize flexible transport
and logistic processes.

“The Hanover Fair in general is
one the important trade fairs for SEW.
It’s where we meet OEMs and end-
users. Nevertheless, small and focused
fairs are becoming—even in Germany—
more interesting; like the SPS/IPC/
DRIVES in Nuremberg, in November,
or the FachPack.”

For more information:
SEW-EURODRIVE USA

1295 Old Spartanburg Hwy.
P.O.Box 518

Lyman, SC 29365

Phone: (864) 439-7537

Fax: (864) 439-7830

Website: www.seweurodrive.com

www.geartechnology.com

SEW-EURODRIVE EUROPE

P.O. Box 3023

D-76642 Bruchsal

Germany

Phone: +49 7251 75-0

Fax: +49 7251 75-1970

E-mail: sew@sew-eurodrive.de
Website: www.sew-eurodrive.de

HANSEN TRANSMISSIONS
Reinhard Huck
European Sales Manager

“Apart from its standard product
range of Hansen P4 gearboxes, Hansen
will present Hansen Services—a new
department for servicing of gearboxes
that was launched in the spring of 2006.
Hansen Services will be part of the
Hansen booth for industrial gearboxes
in Hall 26. A second booth in Hall 13
will cover the Hansen business unit for
wind energy, with gearboxes for wind
turbines.

“Hannover Fair is an international
event that is well-organized, and thus
attracts interested visitors for each part
of the show. It is a good opportunity to
have a big number of customer contacts
inavery short time frame. The Hannover
show is bigger and more international
than other shows.”

For more information:

Lena De Wachter

Communication & Product
Promotion

Hansen Transmissions International NV
Leonardo da Vincilaan 1

B-2650 Edegem

Antwerp - Belgium

Phone : +32(0) 345012 11;

Direct: +32 (0) 3 450 13 06

Direct fax : +32 (0) 3 450 13 49

E-mail : LDeWachter@
hansenfransmissions.com

Website: www.hansentransmissions.com

MOVENTAS OY
Kati Pesola
Communications Manager

“As we are exhibiting at Hannover
for the first time as Moventas, our main
interest is in exhibiting the new company
name. Previously known as Valmet,



Metso and Santasalo, we changed our
company name due to an ownership
change in Spring 2005. One of the main
goals at the show is to make Moventas
known as a player in the mechanical
power transmission industry.

“We will exhibit three gear units to
demonstrate our product range in two
of our main customer industries—wind
energy, and minerals and mining.

“One wind gear unit will be a
1.5 MW, which will be delivered to
our customer after the show. It is an
example of the volume product at our
Jyvaskyla (Finland) production plant,
where the entire production capacity
is in use for wind turbine gears. Today,
around 50% of our net sales comes from
the wind turbine gear production. The
second exhibit is a planetary gear coal
mill drive unit, which was custom-made
at our Wuppertal (Germany) plant for
a customer-specific need. The third
gear unit will be a ‘Duetto’ gear unit,
representing our modular gear series.
The unit at the exhibition is modified
according to the needs in mill drives for
the minerals industry.

“What is completely new is our
condition management system for
wind turbine gears. Instead of just
monitoring the condition and measuring
the vibrations, Moventas’ solution
processes a wider range of information
about a gear unit’s condition. Thus
we are able to carry out the needed
maintenance operations before any
damage occurs.

“At Hannover, we can contact all the
players in the field of mechanical power
transmission; not only the ones that
operate in the same customer segments
as we do—in wind, mining and minerals,
and pulp and paper—but the entire
audience. Honestly, we cannot afford to
stay away. All the main players will be
there, but it is a remarkable investment
and every time we wonder whether the
investment pays back.

“This is more of a general show. We
do meet a lot of our existing customers
at Hannover. But instead of reaching
potential customers or co-operation
partners like in industry-specific shows

(e.g., Husam Wind, PulPaper and A
BTCP), at Hannover we reach the
public interested in mechanical power
transmission in  general—suppliers,
press, students and competitors. €l

EVENTS

For more information:
Moventas Oy

P.O. 158, Martinkatu

FIN-40101 Jyvaskyla

Finland

Phone: +358 (0)20 184 7938
Fax: +358 (0)20 184 7798
Website: www.moventas.com

fhink Beyond The Box

By Using TSA Gear Tools!

J59 Years of Technical Expertise

| Advanced Technology &
b'.__h_|Ii|1'.1_|:"|m'|:|. Uip-To-Date CNC Equipment

Chamfering

Master godrs =

It'-rl'grahlr and Experienced
Engineering Staff
Premium Quality

Short Deliveries

Competitive Pricing

Shaper cutters * Shover cutiers
& Deburring tooks

Spline gagos

The gear ndustry s amart option

TSA America LLC

S037 17 Qlameans FHoad, Sta. @, Westiakos, DH 4848985
Ted: [G40) 514401770 - Fax: [430) 69440973
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Marco Island
Marriott Resort, Marco Island, FL.
Discussions include Dr. Mike Bradley’s
Report on the Economy, American
Politics: Looking Toward 2008 &
Beyond; The Worker of the Future: Why
the Profit Future of American Business is

i L

INNOVATIVE
* ‘DYNAMIC,
CREATIVE,

HALLENGING
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Immediate Opportunities in
+! Challenging Aerospace Careers.

The Purdy Corporation is a leader in manufacturing flight critical

Aerospace manufacturing opportunities offering
3 stablllty job satisfaction and growth are available

® Gear Management - Aerospace Manufacturing

® Gear Engineering - Process, Planning & Manufacturing
® Gear Machining - Spiral Bevel and Parallel Axis ® ID/OD Grinding
® Gear Metrology ® Gear Box Assembly and Testing

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

Tied to the Quality of America’s Future
Workforce; and ExtraPreneurship: Re-
inventing Industrial Work to Compete
in a Flat World. $895 for the first regi-
strant from an AGMA/ABMA member
company, $795 for additional registrants
from an AGMA member company. For
more information, contact the American

transmissions
by Purdy.

Jet engine and rotor components including
gears, gear boxes and transmissions for
OEMs and the United States Government.

in the following areas of expertise;

® CNC Programming {Unigraphics) -
Gear Box Housings, High Speed Machining,

Excellent benefit and relocation packages.

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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Gear Manufacturers’ Association by
telephone at (703) 684-0211 or on the
Internet at www.agma.org.

MicroTek Orlando facility,
Orlando, FL. Dr.
KISSsoft founder and vice president,
will be conducting the course. Class
size is limited to 15. $1,250 includes
course lunches,
and a cocktail reception. For more
information, contact KISSsoft USA by
telephone at (815) 363-8823 or by e-
mail at dan.kondritz @kisssoft.com.

Stefan Beermann,

instruction, snacks

Peabody Hotel, Memphis, TN. The
SPI Alliance of Plastics Processors
(APP) is accepting
proposals for technical presentations,
panels, or workshops. The APP seeks
papers on topics that include the
latest uses of materials; case studies;
emerging business issues; new market
developments; low-pressure structural
foam;creativedesign/tooling;innovative
new process technologies;
cost-reducing product development
methods; and production innovations
to advance attendees’ knowledge of the
plastics processing arena. $625-$725,
depending on membership status. For
more information, contact the Society
of the Plastics Industry by telephone
at (202) 974-5247 or on the Internet at
www.plasticparts.com.

abstracts or

time- or

Hannover Fairgrounds,
Hannover, Germany. See coverage on
page 60. Full event tickets are 48 euros
in advance, 57 euros on site. Day tickets
are 21 euros in advance and 26 euros
on site. For more information, visit
www.hannovermesse.de.



Great Minds!

Great Gears!
Great Polymers!

Ask thelicona Gearheaﬂgﬁ;

Ticona is the world leader in plostic gear technology. For over 30 years, our gearheads = befier known
as gear lachnology exparts — hove helped to dramatically reduce the cost, weight ond nolse of gear drives
for countless applications.

Great Gears! Great Polymers!

* Reduce noise Celanex” thermopiastic polvesier [PET)

» Boost efficiencies Celcon® ond Hostaform® aceiol copohymer [FOM)

* Lower cost Calstran® and Compel® long liber reinforced thetmoplastics [LFRT)
* Increase design fexibility Foriron™ polyphemdene sulfide [PPS)

* Eliminate the need for lubricants GUR* ulira-high molecular weight polyetnwlens [UHMW-PE]

* Resist chemicals and corrosion Riteflex” tharmoplastic polyester elostomer [TPCET)

Vecira® liquia crysial potymer (LCP

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

11cona

Engineering Polymers
Parformance Driven Solutions
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OTROPIC SUPERFINIS

=="The besl
kept secretin
| the industry giving
"‘g:ﬁ theworld’Stop gear
=28 manufacturers that extra euger'

Whether it's a race to save a life, a race to build a dream or a race to the finish line, time and

performance count most. To deliver speed and reliability gear manufacturers alike, know that

there has to be a difference.

The difference is ISOTROPIC SUPERFINISH. ISF* removes surface burrs left by manufacturing
and leaves gears with a mirror-like finish that delivers you the performance you need plus:

= Less friction and wear

= Lower operating temperatures

= Quieter operation

= Better scuffing resistance

= Improved contact fatigue resistance
= Improved bending fatigue resistance
= Reduced lubrication maintenance

= Reduces rotational torque

= No metallurgical degradation

= No geometrical degradation

= Increased time between maintenance

For more information about ISF visit us at www.remchem.com

_= E=E MM

SURFACE ENGIREERING

REM Chemicals, Inc. 325 West Queen Street Southington, CT 06489 USA Tel 860.621.6755



Siemens Flender
WINS METSO MINERALS ORDER

Siemens Flender received an order from Metso Minerals
UK Ltd., a minerals processing equipment specialist that is
constructing a number of rail car dumper and train marshalling
systems for coal export facilities in China.

According to Flender’s press release, the latest order is for
the Port of Jingtange, where 24 planetary drive units have been
supplied for two positioners, which marshall full coal wagons
into the dumper area. Loaded trains can be 200 wagons long.
Flender has already supplied the drive unit assemblies for the
coal dumpers, which empty coal from rail wagons.

Each position drive unit comprises a Siemens 90 kW,

www.geartechnology.com

1,500 rpm motor, Neupex/Autogard torque limiting coupling,
Sime Stromag electromagnetic brake and Planurex P2NA10
planetary gear unit with an extended output shaft fitted with a
15-tooth pinion.

Chris Weeks, Metso project manager, says “We first used
Flender gear units on a project in China back in 1983, and
since that time, Flender has remained our preferred supplier
in China. We are very happy with the performance and
reliability of Flender units.”

The project is slated for completion by August 2007.
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N.A. Woodworth

Workholding Worldwide

“Quick-Pitch” Diaphragm

FEATURES:
¢ Jaw change in 60 seconds
¢ Accommodates any number of
gear teeth
¢ Compliance for tooth space variation
« Optional synchronizing pins for
auto-load

g
« Standard “pull-back” action
» Centrifugal force compensation for
higher speeds
* Minimal maintenance, no sliding parts
 Lightweight assembly
« |deal for hard turning and grinding
applications

Only Requires Half-Turn
to Lock Jaw In Place

Fixed Length Wedge Pin
Requires No Adjustment

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

1S0O9001:2000 Registered Company
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HEAT TREATING SFECIALISTS

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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Industri Kapital

ACQUIRES MAJORITY STAKE
IN MOVENTAS

Industri Kapital signed an agreement with CapMan
Funds to acquire a majority stake in Moventas, a Finland-
based manufacturer of industrial and wind turbine gears and
provider of gear maintenance and service.

CapMan acquired Moventas and Metso Drives in 2005.
CapMan and Varma will remain minority shareholders in
Moventas. Upon completion of the transaction, Industri
Kapital will own 58% of Moventas. The remaining ownership
of the company is divided between Varma (4%), CapMan
Funds (16%) and company management (22%).

Moventas reported sales of 207 million euros for 2006.

Michael Rosenlew, a partner at Industri Kapital, says,
“We are delighted to be acquiring Moventas, which benefits
from a leading position as an independent major wind gear
manufacturer with a strong position in selected industrial
market segments. We are looking forward to working with
the management team and CapMan to bring the company
to its next stage of development. We will continue organic
expansion by leveraging Moventas’ unique position, focusing
on supporting the company in enhancing operational
excellence and in particular in improving customer service.
We will also pursue acquisition-led growth.”

OC Oerlikon AG

PURCHASES FAIRFIELD PARENT
COMPANY, SAURER AG

Fairfield Manufacturing Company, Inc. headquartered
in Lafayette, IN announced that Saurer AG of Switzerland,
parent company of Fairfield, has been acquired by the OC
Oerlikon Corp. AG, Pfiffikon, Switzerland.

OC Oerlikon finalized the stock purchase and acquisition
of Saurer AG on January 1 and is currently implementing the
steps for integration of the Saurer Group into the Oerlikon
corporate structure.

“The acquisition of Saurer forms a platform which allows
us to fully exploit potential synergies within the Oerlikon
Group and makes perfect sense for a technology-driven
company like Oerlikon,” says CEO Thomas Limberger.

Oerlikon's core business technology segments are coatings,
vacuum, precision, textile and drive systems. Key industries
served by these segments include automotive, space, energy,
consumer electronics, IT, life sciences and machinery and
tool manufacturing.

www.geartechnology.com



Fairfield Manufacturing will become part of the drive
technology segment of the Oerlikon Group and will be branded
as Oerlikon Fairfield Drive Systems in the U.S.

According to Gary Lehman, president and CEO of Fairfield,
“This integration of Saurer AG into OC Oerlikon adds a new
and greater dimension to Fairfield’s global expansion plan
through utilization of Oerlikon’s high-technology focus and
vast global footprint. We are very excited about this latest
development within our ownership structure.”

Fairfield Manufacturing Company, Inc. provides
engineered gear and drive solutions for mobile and industrial
machinery, including the Torque-Hub® brand planetary final
drives. The company’s facilities include a 600,000-square-
foot facility in Lafayette, IN as well as the Fairfield Atlas, Ltd.
facility in Belgaum, India. Fairfield also has locations in China
and Europe devoted to providing gear and drive solutions to a
broad range of markets.

Gary Kimmet

APPOINTED PRESIDENT
INSTITUTE

OF GEAR RESEARCH

Gary Kimmet, vice
president of worldwide sales
and marketing at Gleason
Corp., was appointed president
of the Gear Research Institute.

The institute, affiliated with
the ASME and AGMA, con-
ductsresearch and development,
consulting, analysis and testing
in areas such as gear materials,
heat treating, noise characteris-
tics and durability.

Kimmet has been with
Gleason since 1968 in a variety of positions, including vice
president of engineering. He holds several patents related to
gear manufacturing and processes. Kimmet is a past member
of the Board of Directors at AGMA and has been a member
of the Board of Trustees of the Gear Research Institute for 10
years. He is also a member of the Board of Directors of the
Gleason Foundation.

Suren Rao, senior supervisor at the institute, says, “In my
humble opinion, Mr. Gary Kimmet brings a vast wealth of
experience in the gear industry to assist the Gear Research
Institute in expanding its value to its sponsors. He has been
on the board of the institute for the last ten years and knows
it well. The institute, which is in its 25th year, will need an
individual with considerable gear industry experience, vision
and knowledge of the institute to lead it on its next 25 years. |
believe Gary is that individual.”

Gary Kimmet

GEAR CUTTING TECHNOLOGY Fax

+

CORPORATION
PHONE 630-595-7333
630-595-7343

www.hanikcorp.com

60 YEARS OF TOP TECHNOLOGY email: hanikcorp@aol.com

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

Repair &
Rebuild Services
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Yesterday’s Reliability NEWS

Tomorrow'’s Technology

Bodine

ANNOUNCES MANAGEMENT
PROMOTIONS

Bodine Electric Co. has promoted Michael Gschwind to

y vice president of sales and marketing.
Firy s of VARIFRIOLL spplications peovide

» Trdiss tamn §mpumite |qestan Gschwind, who has been with the company for nearly

* Custown Denign “m::;.ll:: : Ta.;::mmh:l‘::‘ . 30 years, has worked in all aspects of product research,
Wormm, Thenurind Worm, fervrs, Inkrrmals development and sales at Bodine. He began his career at Bodine

m;',‘.'n“‘ ::'h’ S - as a sales engineer, directly serving accounts in the Midwest

* H“’“‘JT"‘-"" Aol and western U.S. In the mid-1980s, Gschwind transferred to

= Irrpanr Ty .

# Histrrial Rnnd Kinrjring Bodine’s research and development group, where he developed

& Sevialisdbiasdi of Mifts

+ Bbiefions o SPC Jugnin electronic products for stepper and brushless DC motors.
s periere e differenoe. e by cnbsmes wisbbe ke baie In 1999, he became engineering manager for Bodine’s AC,
.r'lm'. n':::'z'. oy ke e r brushless DC and e-TORQ product lines. In 2002, Gschwind

was named director of sales, where he managed the company’s

m .@ corporate sales force.

“Mike’s experience in product design, his extensive
H'h Precision Gage Co., Ine, P p . g
:_-_ﬂ\ 2 S e et s, I 7 knowledge of motor system applications, and strong
LR [ & 4] . . ..
understanding of sales make him a welcome addition to our

o W [T I A T
executive team,” says John Bodine, president and CEO of
Bodine Electric Co.
Additionally, Edmund Glueck has been promoted to

P R E c I S I o N G E A RS marketing and product development manager, and Terry

Specialists iTENan G ture of Auchstetter has been promoted to business development

Spur and Helical Gears to AGMA 15 and manager for custom products.

BEVEL GEARS to AGMA 13.
Hobbed internal and external gears up to Both Glueck :%nd
80" diameter and 39" face. Auchstetter have extensive

experience in marketing and
applications for the Bodine
product line. Since joining the
company in 1993, Glueck has
been responsible for market
development and sales of all
of Bodine’s AC and Brushless
DC products. In his new
role, Glueck will oversee all
Bodine marketing activities.
Auchstetter, who has been
with Bodine for 21 years and most recently has supervised
all DC and control products, will assume responsibility for
managing opportunities for custom (built-to-order) products.

“I’'m confident these changes will allow us to focus our
efforts in a consistent, customer-driven manner,” stated
Gschwind. “The end result will be enhanced growth in markets
that demand the highly reliable, value added products and
services offered by Bodine.”

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.

Michael Gschwind

Full inspection capabilities in
our modern state-of-the-art
gear metrology laboratory.

Overton Gear and
Tool Corporation

(

A www.overtongear.com

630-543-9570 PHONE
630-543-7440 FAX
530 Westgate Drive I
Addison, IL 60101 1SO 9001: 2000 CERTIFIED
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Ikona Gear
NAMES NEW VICE PRESIDENT

Joe
named
president of Ikona Gear.

Vosburgh will assume
the overall responsibility
for strategic planning,
building strategic alliances
and general operations
Laith Nosh,
company president and
CEQO, says Vosburgh has
served on the board of
directors for a year and
a half, and will now be
involved on a daily basis.

Vosburgh has 12 years’ experience in the development,
marketing breakthrough
technologies. Vosburgh held senior marketing and product
strategy positions with Creo Products, and most recently
Ballard Power Systems. While at Ballard Power, Vosburgh
was the architect of a $22 million fuel cell contract targeting
the materials handling equipment market. Through his
product strategy, which included design, pricing and contract
negotiating, Ballard signed the single largest fuel cell order in
industry history.

“I look forward to executing our business model, and
will work to leverage Ikona’s innovative technology in the
successful penetration of target markets while maintaining a
focus on disciplined growth and fiscal responsibility,” says
Vosburgh.

Vosburgh  was

executive  vice

at Ikona.

Joe Vosburgh

and commercialization of

Applied Process

COMMISSIONS HEAT TREATING
FACILITY IN CHINA

Applied Process CEO John Keough recently commissioned
AP Suzhou as the newest member of the Applied Process
family of companies.

The AP Group held the grand opening of its newest
facility in conjunction with the 4th China Conference on ADI.
AP Suzhou will offer its customers austempering services.

Retained Austenite
Measurement

TO SOLVING ENGINEERING
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Www.protoxrd.com tel: +1 (519) 737-6330

GROUND GEARS - Ten or Ten Thousand

Far small to medium quantities of spurs or helicals that have to
mest cloge-tolerance AGMA or DIN specs, our Relehauer grinders
and M&M pear analysis sysiems are the perfect combinaban,

Far Long rurs, we affer the unique Liebherr GBN grinding
procass with full SPE quality cordrol and documentatan,

S0 whethar your nesds are for ten o fens of thousanis, we
inyita youw to join the groeing list of INSCD customeans. wha rely on
us for corsistent guality, ressonable costs, and refiable delivery.

7 " FHOKE: 976-440-636E
J FAX: 976-448-5165
] ] WES: INSCGon. Com
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Quality Gears and Transmission Systems

A Full Service Gear Manufacturer
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24/7 Service & Repair
In-house Heat Treating

513.527.8600
www.cst-cincinnati.com
5757 Mariemont Avenue
Cincinnati, OH 45227 USA

1SO 9001:2000
TS 16949:2002

According to the company’s press release, AP Suzhou
will have the support of Applied Process’ R&D and technical
marketing departments to aid its Chinese customers with
the implementation of austempering processes that make
their components stronger, tougher, lighter, and more wear-
resistant.

A Gear's Home
is its Castle.

Use Deco Precision Gearcases.

L
Precision gears deserve
precision quality gearcases.

Deco Products will cast, machine, powder-coat,
and plate complete assemblies to your specifications.

Call our engineers now for assistance.

DECO

506 Sanford Street, Decorah, IA 52101

www.decoprod.com
jraptes@decoprod.com
800.327.9751 » 563.382.4264 * Fax: 563.382.9845

Tim McLaughlin

JOINS WHEELABRATOR
AS SALES MANAGER

Wheelabrator Plus announced that Tim McLaughlin has
joined the company as territory account manager and will have
account responsibility for Ohio, Kentucky and West Virginia.

According to the com-pany’s press release, McLaughlin
has more than 31 years of experience in abrasive blast cleaning
equipment, peening applications and abrasives. He retired as
CEO of McLaughlin, Inc., in Middletown, Ohio, in 2004. He
most recently served as the sales manager for Ervin Industries
in Ann Arbor, MI., covering seven states.

“I'm  thrilled at the
prospect of coming to work
for Wheelabrator  Group,
and I've been made to feel
extremely welcomed by
everyone connected with the
enterprise,” McLaughlin said.
“I look forward to bringing
my know-how and the re-
sources of the Wheelabrator
Group to my new territory.”

Tim McLaughlin

MG miniGears Sales
Figures

SOAR PAST 70 MILLION
EURO MARK

Worldwide sales of mG miniGears rose by 7.6% to 73.9
million euros, surpassing the 70 million euro mark for the first
time.
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According to the company’s press release, with an
increase of 16.2%, the growth in sales of loose gears made of
cut metal and powder metal, primarily for the hand power tool
and automotive markets, was particularly strong. Sales for the
gardening segment improved by 3.7%, whereas the fork lift
market segment matched last year’s level.

Europe remained the strongest region, contributing 59%
to sales, followed by North America with 28%, the Far East
region with 11% and Latin America with 2%.

“Demand in all segments for the next months is above the
level of the same period last year,” states Alexander Bossard,
miniGears’ CEO, “and I expect miniGears to reach the 80
million euro mark this year.”

Houghton and Eaton

COLLABORATE ON CHEMICAL
MANAGEMENT PROGRAM

Houghton Fluidcare, a division of Houghton International,
signed a three-year agreement with Eaton Corp., Cleveland,
OH, to provide a comprehensive chemical management
program to reduce industrial fluids usage and associated
costs.

The agreement is an extension of the original contract,
which was signed in November 2000.

Houghton Fluidcare will provide chemicals and fluids
procurement and management services for selected Eaton
plants in the U.S., U.K., Spain, Poland, Mexico, Italy,
Germany, China and Canada. In addition, Houghton’s
specialists will provide daily technical services at many of
Eaton’s larger facilities.

1,473 American
Axle Employees

PARTICIPATED IN SPECIAL
ATTRITION PROGRAM

American Axle & Manufacturing Holdings, Inc. announced
that 1,473 UAW-represented employees agreed to participate
in AAM’s special attrition program.

www.gearfechnology.com

10" International MFN Shot Peening
Workshop & Trade Show in Florida, USA
Date: 15th - 17th May 2007

- 21 Different Topics
- Trade Show with 22 Booths
- MFN Trainers & Guest Speakers from 9 Countries

- FAA-approved Basic, Intermediate and Advanced Courses
- Hands-on Training for Flap Peening
- Hands-on Training for Residual Stress Measurement Equipment

For more information & registration form
see current MFN issues or check online at
www.mfn.li/workshops

You can also request an information
package at info@mfn.li

Nadcap

MFN is a Partner in Education in Nadcap

Shot Peening

“Each chapter in this book is written by an acknowledged expert in the field of shot peening.

I would highly recommend it for anyone interested in using this application to improve the

performance of structural components, particularly those that are expected to experience
subsequent fatigue loading.”

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

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

Price: $155 plus shipment - Order online at www.mfn.li/books or E-mail to info@mfn.li
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CUSTOM CUT GEARS

PRECISION AND COMMERCIAL © o e o EXTERNAL GEARING

« SHAPING UP TO 18" 0.D.
3D.P.-120D.P.- 1" T0 40” DIA. . HOBBING UP TO 40" O.D.

* SPURS / HELICALS / SPLINES
* WORMS & WORM GEARS

e TIMING PULLEYS

* SPROCKETS TO 1-1/2" C.P.

e CLUSTERS

« SECTORS
Complete Machining  ° RING GEARS
ALL MATERIALS - « C.N.C. TURNING
ANY QUANTITY  THREAD MILLING

Inspection Facilities, Custom
Packaging, Prompt Quotations

* C.N.C. MILLING

* BROACHING

 KEY SEATING

* THREAD GRINDING

0.D. & I.D. GRINDING

* GEAR TOOTH FLAME HARDENING

e CLIMATE CONTROLLED
INSPECTION FACILITIES

* STANDARD  METRIC » SPECIAL

Visit Us on the Web at
www.buffalogear.com

Fax: (716) 731-2553

BUFFALO GEAR INC. 3535.0cKP0RT RD. « SANBORN, NY 141329704

(716) 731-2100 Emai: bufialogear@aol.com » www.bultalogear.com

Do your gears need:

More strenqth?
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.

Magazine Subscription Request

[ I 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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The program was offered to UAW-represented employees
at AAM’s facilities located in Detroit, MI; Three Rivers, MI;
Buffalo, NY; Tonawanda, NY; and Cheektowaga, NY.

Under this special attrition program, AAM offered a
range of early retirement incentives, buy-outs and educational
opportunities to its associates. Approximately 265 retirement-
eligible associates participated in this program, while an
additional 1,208 associates elected one of the buyout options
at these facilities. More than 1,300 of these associates left the
company before year-end 2006.

“The special attrition program accelerates our ability
to realign our hourly workforce with actual and projected
production and market conditions,” said AAM co-founder,
chairman, and CEO Richard E. Dauch. “The structural cost
benefit to AAM resulting from the special attrition program
and other related restructuring actions should exceed $100
million annually. This will enhance our ability to invest in
the continuing expansion of AAM’s product portfolio, served
markets, customer base and global manufacturing footprint.”

In addition, AAM also announced that it plans to
idle a portion of its U.S. production capacity dedicated
to the mid-size light truck product range. As a result
of these plans and other capacity rationalization
AAM expects to asset impairment
charges of as much as $200 million in the fourth quarter
of 2006.

initiatives, incur

Conicity Technologies was named an alliance partner of
the National Center for Defense Manufacturing and Machining
(NCDMM).

According to NCDMM’s alliance partner charter, “The
objective of NCDMM is to support the Department of
Defense’s transformation to more cost-effective, sustainable
and maintainable use of high-performance materials through a
focused initiative for the development of advanced machining
and manufacturing techniques.”

Alliance partners may participate in NCDMM-sponsored
technical and research programs, perform research that
NCDMM cannot or chooses not to perform, provide
technological support to NCDMM, and help promote
technology.

As an alliance partner, Conicity Technologies will
participate in NCDMM initiatives to develop more efficient

www.gearfechnology.com
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and cost-effective means of machining advanced workpiece
materials; increase industry, cutting tool suppliers, machine
tool builders and end-user participation in federally-
funded research and development programs; and foster
greater cooperation and coordination among manufacturing
technology providers and their customers.

KBE+

PROVIDES CONSULTING
SERVICE TO CHINESE
AUTOMOTIVE MANUFACTURER

KBE+ Inc. recently was awarded a contract with Nanjing
Automobile (Group) Corp., located in Nanjing, China.

According to the company’s press release, Nanjing
Automobile is a state-owned automaker that produces 200,000
vehicles annually, including the Rover, MG, Austin, Morris,
and Soyat car brands.

As part of a SAE-ARI (Automotive Resources Institute)
initiative, KBE+ will assess the product-testing capabilities
of the Nanjing factory and provide recommendations for
improving equipment and production processes, with the aim
of achieving a 100% increase in fiscal performance by the
close of 2007. In addition, KBE+ consultants will develop
a cross-training program for all test facility employees and
laboratory personnel to foster efficiency and cooperation
throughout the workforce.

Based in Camillus, NY, KBE+ is an engineering consulting
firm that specializes in mechanical power transmission, gear
design and analysis, and powertrain design and application.
The company also provides professional development
seminars targeted toward the automotive industry’s design,
production, and marketing employees.

Correction

In the January/February 2007 issue of Gear
Technology, an article titled “AGMA Delegates Meet
Chinese Counterparts” quoted Brian Slone from Process
Equipment Co. The comments attributed to Slone should
have been attributed to Otis Edwards, an international
markets coordinator in Hong Kong who represented
Process Equipment at the show.

We apologize for any confusion this may have

caused.

The Editors
Gear Technology magazine

AGMA

SEEKS STAFF ENGINEER

The American Gear Manufacturers Association is seeking
a staff engineer responsible for coordinating technical
committees in the development of domestic and international
standards.

The staff engineer acts as the AGMA liaison to various

www.geartechnology.com

SPIRAL BEVEL GEARS

(Transmissions)

Spiral & Siraight Bevel Gear Manulacturisg,
Commercial 8o aircrall guality pearing,
Spur, helical, splimed shalts, internal & exatornal,
shaved & ground gears. Spiral bevel grinding

Midhwesd Transmessions & Aeducers.
150 coempliang
MIDWEST GEAR ST CONTACT:
& TOOL, INC. L E CRAIG D. ROSS
15700 Common Rd. (586) 779-1300

Roseville, M1 48066 midwestgear@sbcglobal.net FAX (586) 779-6790
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AGMA technical committees; edits standards from the
working draft through final acceptance stage; prepares and
submits AGMA and ANSI reports; organizes and administers
AGMA'’s technical education seminars; prepares and submits
advertising copy for industry trade journals; updates and
maintains the technical division content on the association’s
website; creates drawings using AutoCAD Lt for standards
and other uses; and provides technical guidance for internal
staff.

The ideal candidate should have a BS in engineering with
gear industry experience, and working knowledge of Word,
Excel, Powerpoint, AutoCAD and publishing software.

For more information, visit the AGMA website at www.
agma.org.

Altra Holdings
ACQUIRES TB WOOD"'S

Altra Holdings, Inc. and TB Wood’s Corp. announced that
they have entered into a definitive agreement specifying that
Altra will acquire TB Wood’s for $24.80 per share. According
to an announcement on Altra Motion’s website, the boards of
directors of both companies have unanimously approved the
transaction.

Michael L. Hurt, Chairman and CEO of Altra, says, “The
acquisition of TB Wood’s broadens our growing coupling
product line and adds engineered belted drive systems as
well as adjustable speed electronic drives and systems to our
product portfolio.”

The acquisition of TB Wood’s is expected to be immedi-
ately accretive to Altra’s earnings in 2007 and approximately
15-20 cents per share accretive to fully-diluted earnings per
share in years 2008—2009. TB Wood’s complementary product
lines will expand Altra’s breadth of products and provide
access to new markets. TB Wood’s offering of elastomeric
couplings will expand engineered coupling revenues by over
50%, according to the release.

The company says Altra revenues generated through
distribution will increase by approximately 37% and will
enable the combined company to serve this channel more
efficiently, offering a broader portfolio of products and
services.

In addition to five U.S. manufacturing locations, TB
Wood’s will expand Altra’s global footprint by adding
facilities and resources in Mexico, Italy, and India.
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Ipsen International
and VFS

CONSOLIDATE INTO NEW ENTITY

Ipsen International and VFS combined into a new entity
called Ipsen Inc.

John Schmitt, president and CEO, says, “Together, our
new company will offer furnace customers better technical
expertise, a broader product base, and the most extensive
customer service network in North America. As part of this
process, staffing, manufacturing and sales have been retooled
to provide the most efficient, robust and responsive furnace
manufacturing firm in the U.S. Our Illinois and Pennsylvania
plants will deliver the best manufacturing efficiency, quality
and product available in the area.”

Ipsen and VFS furnace brands will continue to be
maintained, sold and serviced as they have been. Ipsen will
continue to provide aftermarket support of any furnace type
and brand.

Each brand maintains its own web site, with a full offering
of products and services while the consolidated website is
under development.

Donald J. Brownrigg was promoted to CEO/president for
SM-Cyclo of Canada.

Brownrigg has worked in the power transmission industry
for the past 35 years, including 15 years at SM-Cyclo in
various sales, marketing and operations positions. Brownrigg
began at the company in 1991 as Canadian general sales
manager when the company was a subsidiary of Sumitomo
Machinery Corp. In 1996, he was promoted to international
operations manager and worked out of the SMA headquarters
in Chesapeake, VA. He returned to Canada in 2001 to accept
the position of COO/president of SM-Cyclo.

“We are pleased that we have an executive of Don’s caliber
to take this important position and continue SM-Cyclo’s
forward momentum,” says Nobuhiko Kawamura, general
manager of international sales and marketing for Sumitomo
Drive Technologies’ PTC Group. “Don has been in the
power transmission industry for more than three decades. His
combination of managerial skills and technical knowledge
will be vital to SM-Cyclo’s continued success.”
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A Microhardness System Can Test Samples
without Mounting or Fine Polishing?

Newage Hardness Testers Simply Do More with Less.

It's true. The MT90 Microhardness Test System can.
And it performs the tests much more quickly and without
operator influence.

Better yet, the MT90 System is only a single example of
the unigue hardness testers from Newage. There are
unigue aspects in almost all Newage hardness testers that
can dramatically improve your hardness testing. For ex-
ample: a Rockwell scale tester that is unaffected by dirt
and scale on the underside of test specimens. A Brinell
tester that can test and display the Brinell result in a few
seconds. A Brinell scope that uses high-efficiency LEDS so
impressions are completely illuminated.

If hardness testing is important to your company then
knowledge about Newage hardness testers is critical.
Take the time to see what Newage can do for you.

., Ir *
2

Rockwell Scale Testing

Test large parts and awkward
shapes without sectioning. Test
in dirty environments. Test at
high speeds or easily automate.

Microhardness Upgrade

.- Upgrade your existing micro test

system to increase speed and
eliminate operator influence.

Brinell Measurement
Eliminate problems with operator
influence. The new portable
B.0.S.S. system.

Download Product literature on all 15 product lines at www_.NewageTesting.com

RINEWAGE

Testing Instruments, Inc.

147 James Way, Southampton, PA 18966 USA Tel: 800-806-3924 (or 215-526-2200) Fax: 215-526-2192
email: info@newage1.com website: www.newagetesting.com
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SERVICE
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SERVICING FELLOWS GEAR SHAPERS

On Site Service: Emergency & Scheduled

Technical Support: Via Telephone, Fax or E-mail
Training: Operator, Set-up & Maintenance (Electrical
& Mechanical)

Preventive Maintenance Plan: Customized to Your Needs
Parts: New and/or Used

Retrofits - Counters, Servo Controllers, or Single and
Multiple Axis CNC

Hydrostatic Guides: Repair Service or Purchase New

Allen Adams
SHAPER SERVICES, Inc.

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

School for

Gear Manufacturing
Conducted by
Gear Consulting Group
UPCOMING CLASSES
Star SU

Hoffman Estates, IL
March 26 thru 28, 2007

Liebherr America
Saline, Mi
June 11 thru 13, 2007

For further information on these
and other classes contact:

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

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

www.gearconsultinggroup.com ¢ www.agma.org

Tough Smoothy

TimeSaver hard
and soft metal
lapping compounds
for gears, guides,

bearings, bushings, §
valves and more.
I
vicro surFace [REUIEIL antehﬂot fo lmhli 7
continue toCUEDiminish
and then to inert material. No
between steps. Indefinite shelf life,
CORPORATION I TORITZTS (2 )

CONTACT US ABOUT YOUR'APPLICATION
(408) 723-0700 * infO@WS2€0ating.com
www.ws2coating.com

Fi n al Iy! A Basic School for Non-Experts!

Do you have people who are new to GEARS?

Do your production people need to
know more about GEARS?

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

e Terminology of Gears

 Gear Functions and Basic Formulae

* Manufacturing Methods Inspection Methods
e Interpretation of Inspection Data

e Applying Inspection to Correct Problems

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

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

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

Superior Grinding Wheels
for Today’s Technology

Pre-Profile
“On or Off” flange for
precise, fast service

Large Inventory
of Blanks

275-400mm 0D
84-125mm widths

Fast Delivery For Most
Orders in by noon Generating Grinding
ship next day Machines
tel: (847) 388-3828
HEISH AUEH fax: (847) 888-0343
reishauer-us@reishaugr.com
www.reishauer.com

HobSource Inc. k

Custom gear cutting tools

Performance ¢ Dependability * Value

(866) HOB TOOL
www.hobsource.com
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SERNICE

. UP & DELIVE

Gleason Cutting Tools
CORPORAATIORN
VIS Wincsor Foge, Lowes Porc, I B1111 LEA
8| S-H7T 5900 » Fax &) 5=-H7T -02054
142201 -C Sowfh Lokes e, Carintie, BT J077T3
-5 E-0E0S = For TOE- 5880645
E-mall; HIE-‘IHIHH.M

T IN MANY AREAS

"ul'-l"'-"ul"lul'-l'.l.]ll'-l!'-l:ll't.tﬂm

GEARTECHNOLOGY 77



CLASSIFIED SECTION

GEAR MANUFACTURING

CULLE LT ety 010 218 LU We are your |0b ShOP ALL Tvlg:gu;?it;::tl:gm gears

Spiral Bevels, Straight Bevels, Spurs, Helicals,
Worm and Worm Gears, Herringbones, Racks,
Splines, Internal Gears, Sprockets, Ratchets
Tooth Cutting, Grinding &
Shaving services available.

Due to customer demands, we have expanded our
Straight Bevel ability and added Spiral Bevels to our

* Stock Planetary Speed Reducers
capabilities. Our capacities are constantly expanding,
so please forward your specific requirements for

GEARBOX REPAIR
a prompt, competitive quotation.

| Custom Gear Services Since 1946 I N e e d YO u I' G e al' N OW? Please fax your inquiries to Dennis Garthus
1S0-9001 Are your gearing needs holding up comple-

tion of your project? Can your current gear
www.thegearworks.com source take your project from purchase

The Gear Works—Seattle. Inc order to delivery in days versus weeks? At

® Gear Grinding to 94"

® Industrial Gears to 250"

® Turbo Compressor Gears
¢ Custom Drives WORKS
* Spline Broaching
® Gear Metrology

Riverside
ST

Riverside Spline & Gear this is not
500 S. Portland Street impossible, this is normal operating
Seattle, WA 98108-0886 procedure. We invite you to try Riverside
Phone: (206) 762-3333 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 24"
BEST LITTLE GEAR [ ISty X
SHEERINRHEEAW ES) ) * Couplings MAR% Gear Grinding

® Gear Grinding to 28" . .
® Internal & External Gear Shaping and CUttlng Services

* CNC Crown Hobbing and Shaving Gear Motions’ two manufacturing locations are
leading suppliers of custom cut and ground spur and
helical gears. Made complete or to your blanks.

Fax: (206) 762-3704
E-mail: sales@thegearworks.com

A . Specializing
Responsive in flight hardware A
Quality Minded | and * Broaching

Company | - “those tough jobs” © Spline Grinding
GEAR MOTIONS, INC.
Riverside Spline & Gear An Employee Owned Company
P.0. Box 340 Learn about one of the most moder
Marine City, Ml 48039 fleets of Gear \

Ph: (810) 765-8302

Spur Racks Fax: (810) 765-9595 ‘ |
Splines 5 Axis CNC Hobbing .
Helical CNC Turning/Milling . co!“aﬂ' J I,
Worm Gears AGMA Q11 valerief@splineandgear.com i

1S0 9001:2000 Registered |
A Tradition of Quality Since 1963 PH: (315) 488-0100

www.splineandgear.com www.gearmotions.com
HELP WANTED

Our continued growth has resulted in
several key technical position openings
at our Dayton, Ohio facility. We are
searching for Software Engineers,
Service Engineers and Application
Engineers. Prefer degreed candidates
with experience in metrology, CMM or
precision machine environments. We
offer competitive salaries and benefits.

TEKX Engineering

www.tekengineering.com

PRECISION GROUND

Spur, Helical and Pump
Gears to AGMA Class 15

Featuring the latest CNC grinding
and process technologies including:

® Gleason 245 TWG CNC, Direct
Drive High Speed Grinding

* Gleason TAG 400 CNC, 8-axis
. High Production Grinding

¢ Reishauer RZ300E High Precision
Electronic Grinding

o Full CNC Multi-axis Cylindrical - N Geor dachyiis Please send resume and salary

Grinding (Internal and External) .
« High Speed CNC Gear Hobbing history to hr.dayton@gleason.com
or fax information to

* Continuous Process Improvement
HR Manager at 937-859-4452

Utilizing SPC and Quality Planning
Gleason- s

 JIT Delivery via Stocking Programs
800-447-2392

Precision 5}"51‘&“15

rn BOO-TTI-GEAR ras T14-TS2-2070 CORPORATION

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

GEAR CORPORATION
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Induction Hardening Experts Specializing in Gears

Phone: 216.431.4492

Fax: 216.431.1508

Induction Hardening
Specialists in tooth by tooth contour
hardening of internal
spur, helical and bevel gears.

Our gear hardening

5 NATCO sub ged process hi and
5 AJAX CNC-controlled gear scanning
machines. Tooth by tooth gear hardening
from .5DP-10 DP, up to 15 tons, 200" diameter.

Breakdown Service Available
americanmetaltreating.com

VACUUM CARBURIZING

Solet Almodphsne orsrs
Engle chamisr vaoum
carbirtring and insitis gas
pressure quenchisg lor
Tine Ml Processimg
Adpanlage

o Wirwmal Pard Desiorbon &
Mo nterpramuir Dudation

» Clean Bright Parts

» Case Hartien Varous Aoy

= Unifiorm Case Daplhs

1AM

A-TkH-F'HEFlES

B0 3 T- A0 = e, 8 O F DAL © O

Supervisor

gear manufacturing

Growing, established company with
great future in oil field equipment.
Supervise and direct gear making

and related operations with
emphasis on gear shaping.

www.gearconsulting@aol.com

PTE - Power Transmission Engineering

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

We'll be taking the same editorial approach
with Power Transmission Engineering that we
take with Gear Technology. That is, we’ll pro-
vide the best technical articles and lat-
est industry and product news—informa-
tion that’'s practical and useful for design engi-
neers, plant maintenance and engineering profes-
sionals, purchasing agents and others involved
with power transmission products.

*‘-?-:

S

«Bearings

o
« Power Transmission Basics -I:,.i:’

. {._-:5

WWW.powertransmission.com

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

The first print issue of Power Transmission
Engineering will be delivered in April,
so don’t miss it!

Sign up today!

www.powertransmission.com/subscribe.htm
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ADDENDUM

Dennis Richmond of Reishauer plays a little 5-pin (gear?) bowling during a lull at IMTS 2006. In the back-
ground, Thomas Koepfer (left) of Jos. Koepfer & Sohne and Corey Sanderson (right) of Koepfer America
serve as line judges (photo by Dennis Gimpert of Koepfer America).

HERE'S WHAT DENNIS WAS THINKING...

ANNOUNCER 1 (whispering)
Dennis Richmond’s closing in on his first perfect game
as a professional. One more strike and he’ll have it. His

face is a stony mask of concentration as he takes the
ball.

ANNOUNCER 2 (whispering)

All eyes are on Richmond now. You can just feel the
tension in the crowd. They all want to see that perfect
game.

ANNOUNCER 1 (whispering)
He steps onto the lane and hefts his ball into position.

ANNOUNCER 2 (whispering)
Look at him just staring down the pins.

March/April 2007

ANNOUNCER 1 (whispering)
He begins his approach,
deliberate...and the release.

very smooth, very

The crowd buzzes with chatter as the ball rolls down
the lane.

ANNOUNCER 2
It looks good! I think he’s got it! | think he’s got it!

The crowd erupts in a frenzy of excitement.

Tell Us What You Think . . .

* Rate this article ¢ Make a suggestion

Send e-mail to
wrs@geartechnology.com
Or call (847) 437-6604
to talk fo one of our editors!

www.gearfechnology.com



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 Shafis
e Gearbox Repair/Rebuilds -
* In-House Steel Material Warehouse
e Full Heat Treating Service

* EDM Wire Burning

BREAKDOWN
SERVICES

BSR

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
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The Most Comprehensive Line of Tooling and Workholding Solutions

N ew Cilexson cutiing toods and workholding

syslems ane dnving down workpeece oosl

Curick Change workholding 1o cut cosily
noa-productive thme. Get faster um-around on
and improsang quatity. With Lean Mamufactunng
methods and an expanding network of producison
services and support [acilities, Glexson siands
alone in its ability 1o deliver the industry's mos

ool re-sharpening, re-coating and other
application services from technical suppori
ceniers worldwide. Rely on Gleason for gear
prodisction [ools 10 meel any performance
oompiele lme Gster and more elficiently than
ever helfore

Gt ‘\-h.l]“'\."l cutier and hob orders b o5

lenbe as tao 1o [oar weeka. Lise new lool- et

requirement

Glesson. Now with o new mily of
expanding mandrel products, with oor
recenl acquisition of LeCounl.

YVour source For the est in tooling and workholding.
Doy mlomd our Tooling and Workholding Solutions brochore o www glesson, comdiiooling.

Gleason

www.gleason.com sales@gleason.com

KEEPING THE WORLL ﬂw -.
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