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Where can you find athe advanced
technology solutions you need to produ
smoother, quieter, more dependable
bevel gears of every size and class?

helping customers around the world
shorten leadtimes and reduce cost.

Capitalizing on Gleason's global
strength and technology leadership has

For 138 years, the answer has been Gleason. never been easier.

Today, a new generation of Gleason Industry’s most complete  Localized technical service and support is available
PHOENIX® Il bevel gear cutting and grinding " f Beveldear utiers i 4| the world's major gear production regions
machines, high-speed lappers, advanced cutting Cutter System to through a fast growing number of manufacturing
tools, metrology equipmerdnd the software . SPeed production and technical centers.

in even dry conditions.

to manage everything more efficiently is The pace of change is accelerating.

Shouldn't you be?

Gleason Corporation

1000 University Ave., P.0. Box 22970  Rochester, NY 14692-2970 U.S.A.
Phone: 585/473-1000 ¢ Fax: 585/461-4348 ¢ sales@gleason.com
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the rest is up to you.
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experts in the world at one time in one place.
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Improve Your Bottom Line
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Network with your peers
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The Future of Gearing Technology

Now Available at Arrow Gear!

.

Producing reliable,
high precision gears requires the
most advanced technology available —
the technology that is now available at Arrow Gear Company.

Our in-house, state-of-the-art, computerized system is the most
advanced in the industry. Utilizing Finite Element and other leading
edge software, we offer our customers numerous benefits, including a
significant increase of load capacity.

To learn more about this technology, and why we are the
“Go To Guys” for spiral bevel gear design, please visit our
Website or contact our design engineering department.

2301 Curtiss Street

Downers Grove, IL 60515

- = NADCAP Tel: (630) 969-7640
|l = HEAT TREAT
W z oy MAGNETIC PARTICLE INSPECTION www.arrowgear.com
LA s 3 st NTAL ETCH
RERRYAuNSRY | e Commitied to Being the Best

The finest quality

"\ TRU-VOLUTE

A Leader in the Gear Tool Business for over 50 Years.

36

Master Gears .. HOB Resharpening

1“ Service

CNC HOB Sharpening
Machine:

Ultra Precise Hobs

Accuracy Class: AAA, AA, A
Materials: Carbide/Bridge/HSS
Technology: Dry/High Speed/Hard Hobbing
Range: 10~500 Diametral Pitch

STOCK AVAILABLE

USSELL,
OLBROOK &
ENDERSON, INC.

17-17 Route 208 North, Fair Lawn, New Jersey 07410
Telephone: 201-796-5445  Fax: 201-796-5664

A MEMBER OF OGASAWARA GROUP

Visit our website at: http://www.tru-volute.com
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Liebherr Gear Technology Co.
1465 Woodland Drive

Saline, M| 48176-1259
734.429.7225

Fax 734.429.2294
info@Igt.liebherr.com

SIGMALPDOL

The Gearing Partnership of
Liebherr, Klingelnberg and Oerlikon

No matter how you need your gears machined,

LIEBHERR HAS A WAY!

As the pioneer of high-speed dry gear'
machining, Liebherr is leading the way
in gear cutting, offering machines with
gear drives or direct drives in modular
platforms from 80 mm to 4500 mm
diameters.

Hobbing. Productivity: fast cycle times
over the full spectrum of external gears.

Shaping. Flexibility: CNC guide for
internal and external spur or helical
gears.

Grinding. Precision: generating or
profile grinding, with dressable or CBN
tools in one machine.

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

Gear Hobbing * Shaping * Grinding * Measuring


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

Why Grinding...

Fassler

Customised solutions

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

Phone +1 (414) 769-0072 - Fax +1 (414) 769-8610 - E-mail: usa@faessler-ag.ch
www.faessler-ag.ch
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PUBLISHER'S PAGE

For more than 20 year§ear Technologyas been the
world’s leading resource for technical information about
r gear design, manufacturing, processing and use. We've
always considere@Gear Technologyo be an educational

journal, helping gear industry professionals learn how to be
more productive and efficient, as well as how to design and

manufacture better gears or judge the quality of gears
they’re purchasing.

That mission continues to be our focus today. We remain
firmly committed to bringing you the highest quality, most
relevant technical information availab@ear Technologwiill continue to be your source for information about all phases of gear
manufacturing.

Over the years, we've continually adjustédar Technologyo best suit the needs of our readers. With this issue, you'll see some
of the latest changes. In particular, you'll notice that we've removed advertising from the pages on which technical articles appe
We've always prided ourselves on the independence and integrity of our editorial material. It's not our job to give you advertorial:
Instead, it's our job to provide you with the most thorough, balanced information available, so that you can make informed decisiol
yourself.

In Gear Technologyyou'll never find a company’s advertiseme
next to an article that features that company. Other magazines d G E A R
but then, as a reader, you never quite know where the advertis
leaves off and the article begins. We want you to understand th
articles are not for sale, that you can continue to trust the conts
Gear Technologyas you have for more than 20 years.

To accommodate all of our advertisers, we have expandeg
news sections. We consider this a win-win situation. Not only ¢

it keep the more commercial material separate from the tech Gear Product
articles, but it also gives us the opportunity to provide more in-d News, the perfect
information on the news items that are of most interest, inclu | complement to
. R . . Gear Technology,
the products of our advertisers and other suppliers in the indus ill beoin
We recognize that in today’s lean environment, most of yo publication in

busier than you've ever been, but having information on the |3
products and services available in the marketplace is of ext
importance for you to remain competitive and successful. Pl oo,
We also recognize that we can’t possibly cover everything
need inGear Technologglone. That's why, beginning in Februal
we are launching a companion publication, call@ehr Product
News
Gear Product Newswiill be the industry’s No. 1 sourcebook fg
information about the products and services that are availabme 10
help solve gear-related challenges. Six times per yeaiGear Technologg off months—it will

February 2005.

executives, purchasing managers and decision-making manufacturing personnel. Also, we promis:,
be light and easy to read! |

Suppliers to the industry will be able to uGear Product Newto reach a different part of the marketplace—those interested in
the gear industry, but not necessarily its technical aspects—at an affordable price.

Gear Product Newsvill be free to qualified readers, just likgéear TechnologySubscribers in the United States will receive a
printed copy by mail. Subscribers outside the United States will be able to receive a free electronic copy. Please log on to our n
website,www.gearproductnews.cqrto sign up for your free subscription today. While you're there, you'll have a chance to down-
load a mock-up sample version of the magazine, and you can also learn more about adveBeand’mduct News

Between our expanded news sectionSéar Technologgnd the addition dBear Product Newsve’re more committed than ever to
helping companies in the gear industry publicize their news. For example, if you've introduced a new product or service for the gear ind
try, we want to hear about it. If you've recently hired new key personnel, we want to hear about it. If you've expanded your capacity
are offering new services, we want to hear about it. If you've recently gained ISO or other accreditation, we want to hear about it. If y
think you have an interesting story to tell, we want to hear about it. Send vinuir
ideas toeditors@geartechnology.coar editors@gearproductnews.coie
look forward to your submissions.

As always, we'd like your feedback about the changes we are mi
both withGear Technologwnd our new publicatiorGear Product News
Give us a call at 1-847-437-6604 to let us know what you think.

Michael Goldstein, Publisher & Editor-in-Chief
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Quality Spiral
Bevel Tools

A/W Systems Co. is your quality alternative manufacturing source of spiral gear roughing and finishing cutters and bodies.
We can also manufacture new spiral cutter bodies in diameters of 5" through 12" at present.
A/W can also supply roughing and finishing cutters for most 5"-12" diameter bodies.
Whether it's service or manufacturing, consider us as an alternative source for cutters and bodies.

You'll be in for a pleasant surprise.

Royal Oak, MI 48067
Tel: (248) 544-3852 * Fax: (248) 544-3922
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Holroyd Launches New Gear Grinder

New machine promises DIN2 accuracy and
unique features at a low cost

Holroyd, long known for its expertise
in creating machine tools for manufac-
turing rotors and other helical compo-
nents, has now applied that expertise tg
the manufacture of gear grinding
machines with the October 2004 launch
of the GTG2, a machine tool specifically
designed for small- to medium-batch
production of high precision helical
gears.

“Our design aim was to produce the
lowest cost, highest accuracy grinding
machine for helical and worm gears in
the world,” says Dr. Tony Bannan,
Holroyd’s engineering director, who led
the design and manufacturing team tha
developed the machine.

The GTG2 has all the features of a
modern gear grinding machine—includ-
ing on-board inspection and grinding modifications.
wheel dressing. But it also comes with ~ “When you do bob crowning, you get
some uncommon features that stem froma distortion of the gear,” says Alan
Holroyd's experience with helical com- Stephen, special projects manager fo
ponentsotherthan gears. Holroyd. “This is unavoidable, because

“We've approached the development of the way you're generating the shape,
of gear grinding from a rather different It's correct in the middle, but not near the |
angle, which we think has led to many ends.”
strengths,” says Dr. Chris Holmes, Helical twist causes the profile of the
Holroyd’s R&D director. tooth to vary across the face. In manyget what you get. Our object was to make

One of the GTG2's uncommon fea- applications, this “error” is not of con- an improvement on this.”
tures is its approach to topological modi- cern, but in high precision and low noise  Holroyd's improvement was to apply
fications of the gear teeth. The Holroyd applications, it affects gear performancea different kind of motion to the grinding
method, say its developers, solves theby concentrating loads on particular pass. Instead of the workhead depth, the
problem of flank twist on helical gears. areas of the teeth during meshing. “YouGTG2 varies the workhead’s swivel
Many older models of form gear grind- may actually want the gear to have thisangle in order to achieve crowning. This
ing machines use a method called “bobkind of relief,” Stephen says, “but the method is patent-pending.
crowning,” which varies the depth of the problem is, you can’t control it. It “What we do is, as we're grinding
grinding wheel in order to achieve tooth depends on the wheel diameter, and yotthrough the gear, the grinding head will

www.powertransmission.com « www.geartechnology.com  GEAR TECHNOLOGY » JANUARY/FEBRUARY 2005 9
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target profile that the designer has want-
ed. That's something which, | believe, is
quite innovative in the field of gear man-
ufacturing.”

The on-board inspection is accom-
plished through the use of a Renishaw
CMM probe. “This Renishaw scanning
probe that we use on our machine is a full
3-D scanning probe,” says Holmes. “It's
not a touch-trigger probe. It's the sort of
scanning probe that you would have on a
full, high-accuracy CMM. The deflection
in each of the three directions is meas-
ured. It can measure deflections of two
microns.”

The development of the technology
associated with the GTG2 has resulted in
Holroyd receiving the British Queen’s
Award for Enterprise 2004, in the catego-
ry of innovation. “We are delighted that

Holroyd's New GTG2 Gear Grinder the awards committee has recognized the
. . ingenuity of our designers, their hard
promises DIN2 accuracy and unique work and effort,” says Hannah.

Some of the machine’s development
features at a IOW COSt was carried out at the Design Unit at the
actually noticeably alter its angle of swiv-wheel wrong, if you want, to make theUniversity of Newcastle upon Tyne. “We
el as it passes through the gear,” says Pagear right.” looked for what we felt was the strongest
Hannah, Holroyd’s VP of global sales and  The mechanical motion, the simula-gear development center in Europe,”
marketing. But varying the swivel angletion package and on-board inspectiorHannah says. “We found it very useful
alone isn't enough to solve the problemcombine to create a closed-loop feedbacthat one of the top gear development cen-
entirely, Hannah says. system, which enables this machine tders in Europe is the Design Unit at the
The GTG2 also comes with a built-in provide the highest levels of accuraciesUniversity of Newcastle, so we forged
simulation package, which allows theHannah says. “After we've ground thestrong links with Professor Dieter
machine to simulate the actual cut, assedist one, we measure it, feed back anddofmann of the Newcastle gear design
any inaccuracies, and make adjustmenteorrect all over again. So instead of somesenter. We worked with him and his stu-
to the grinding wheel. “We then correctthing that becomes an approximation of aents—we put some of our guys working
the wheel,” Hannah says, “making thetarget profile, we're actually creating thewith them—and they also worked with us
at our facility, sharing a lot of knowledge

T that developed the first machine. The first
‘. F B one went into Newcastle. Then we con-
tinued adding on after that.”

The first GTG2 machine for produc-
tion has been sold to Micro Precision
Ltd., a Hemel Hempstead, U.K., manu-
facturer of precision components for the
aerospace, medical and Formula 1 indus-
tries. “We're still going through a learn-
ing curve with the machine,” says Barry
Cave, director at Micro Precision, “but
we are extremely satisfied with it. In our
brief experience with it, it is holding very

close tolerances.”
10 JANUARY/FEBRUARY 2005 « GEAR TECHNOLOGY » www.geartechnology.com ® www.powertransmission.com
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Holroyd developed its own soft-
ware and controls for the GTG2.

In some cases, under optimum condi-
tions, those tolerances are being held to
DIN 1 levels for some measurements,
Cave says. He also notes that “on some
components, our set-up times have been
reduced from three days to three hours. In
addition, we now also have the flexibility
to quickly change gear forms to meet our
customers’ requests.”

The staff of Micro Precision had plen-
ty of experience with the GTG2 before
making their purchase, says Hannah. “We
actually took them into the Newcastle
design center. They started to produce
their gears on our machine at Newcastle
before they actually bought the machine.”

Micro Precision also conducted
machine trials at Holroyd before making
their purchase, Cave says.

According to Hannah, allowing the
customer to try the machine out is normal
operating procedure for Holroyd. “We
recognize that we have a high profile in
the rotor industry, but in the gear industry,
whatever our history was, we’re the new
kid on the block now. So we’re willing to
come to people like this and say, ‘What
do you need from us? We’ll prove it to
you. Don’t take the risk. We’ll happily
put our money where our mouth is. I'm
not talking about a quick demonstration.
Let’s make a batch of gears, let’s make 10
batches of gears. You can, in fact, send
your own operator to work the machine in
our plant or some other place to make the
gears on it. Then you can make your deci-
sion.””

To make that decision easier, Hannah
says, the price of the GTG2 will compare

very well with competitive machines.
“We designed this machine the way we
design all machines now, looking at a
design for cost. And, in doing that, we set
ourselves aggressive cost targets. We're
well within those cost targets, and we
have a product which is very aggressive-
ly priced in the gear industry.”

Weight Savings — As a blank, this lorge spur
gear wejghed 55 lbs. As a forged oot gear with
1 millimefer of stock on the footh profile for
hobbing, it wejghs just 37 lbs.

© 2004, Presrite Corporation

PRODUCT NEWS

For more information:
Holroyd

Harbour Lane North
Milnrow, Rochdale OL16 3LQ
England

Phone: +(44) 1706-526590
Fax: +(44) 1706-353350
Internet: www.gtg2.com

U
o R GEAR COSTS

PRESRITE NEAR-NET GEARS GIVE YOU THE
STRENGTH OF A FORGING WITH

LITTLE OR NO MACHINING.

A PROCESS MANAGEMENT .

Building A Better Business

QS-9000 and 1S5S0 9002

Presrite (orporation

3665 E 76 St Cleveland, OH 44105
Phone: (216) 4415990
Fax: (216) 4412644
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PRODUCT NEW S

Robust Transmission Design through
Automated Optimization of Virtual Prototypes

Romax Technology, the U.K.-basedaxle power transmission systems to 1ISO
supplier of virtual transmission simula- and AGMA standards. Global customers
tion software and technical consultancyare supported by teams of software
services, is automating the design iteradevelopers and technical specialists
tion optimization process to allow com- smooth the implementation of Romay
panies to be faster to market with theinto organizations.
highest quality, most robust geared According to Poon, the simu
products. lation models accurate-

“RomaxDesigner has the closed-looply predict all the sys-
analytical techniques required for thetem deflections unde!
addition of optimization algorithms to all loading conditions
enable the software to search the entir¢hat have an influence
design space for the optimal ‘right first on gear mesh misalign-
time’ solution,” says Dr. Peter Poon, ment. Automated optimiza-
managing director. “Romax can run hun-tion of the macro- and micro-geometry otype test-
dreds of simulated tests, reducing thespur and helical gears maximizes durang. The
need for costly prototype hardware andbility, improves smoothness of operatiorfast-to-solution
lengthy, expensive development test proto reduce gear noise, and reduces tfRomax predictive NVH tools bring
grams.” effect of manufacturing tolerances ondesign and analysis into phase, allow-

Romax offers a suite of fully integrat- transmission error. ing analytical engineers to have an influ-
ed software modules for the durability =~ The software is used in the automoence on the design before hardware is
and NVH dynamic analysis of all types tive and construction industries for themade,” says Simon Roberts, business
of parallel shaft, planetary and per- design of manual, parallel- development manager for the North
pendicular shaft transmissions.  American market. “The extension of the
NVH analysis to improve the torque den-
sity and reduce gear whine in planetary
transmissions has opened a whole new
market for us.”

The Romax Approach

Traditional finite element (FE) mod-

Since els of transmissions require the combina-
2001, tion of measured test results with analyt-
Romax jcal techniques to understand system
Technology dynamics. The models are large, time
has been consuming to build and modify, and
developing its require “fudge factors” to correlate the
software to meet predicted results with measured data
the analytical needs of auto-before modifications can be made to

matic transmission manufacturers. “Foimprove system NVH characteristics.
too long, transmission NVH analysis has RomaxDesigner analysis models
lagged the design process to merely comnclude the lateral, axial and torsional

firm problems encountered during protodegrees of freedom to accurately predict
12 JANUARY/FEBRUARY 2005 « GEAR TECHNOLOGY » www.geartechnology.com * www.powertransmission.com
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the dynamic behavior of the internal “RomaxDesigner has the closed-loop analytical techniques required for

components at the design stage WIthouihe addition of optimization algorithms to enable the software to search
the need for measured data, Roberts says.

The dynamic characteristics can then bethe entire design space for the optimal ‘right first time” solution,” says

used to identify anpotential gear whine Dr. Peter Poon, Romax Technology’s managing director.
problems. Maodifications to the gear micro-
geometry and component dynamic charac
teristics, to minimize transmission error

excitation and reduce system response = rHE F UHEY
can be implemented to optize transmis- : " c.ﬂnpﬂmr'ﬂ"

sion NVH levels far in advance of hard- = 150 9002 CERTIFIED
ware manufacture and test. Catuld

The development of such complex
virtual simulation software requires close
interaction between software developers
and experienced transmission design an

analysis engineers, Roberts says. In add : e el s h,‘[anll racluril-lg
house engineering capability also allows : -.l..l 1 C -
Romax to offer comprehensive consul- : TC[' “D C}Q}-ILE
tancy services from “find and fix” proj- ] F -, ) -
or 1he Z1st
issues to full turnkey transmission
design projects.
“As a company, Romax Technology is
design and manufacturing companies td _ ; 1I'1l
achieve ‘right first time’ designs,” says -
Poon, “eliminating the risk of encounter- -] y .'.: 3 AH-64
ing, reducing the need for verification b ; -"'ff-'*l'l'!_”ﬂl'ﬂ'ﬂ#ff‘-"
testing, shortening the time to market, ] TM'E"" h.'j‘".“:
and minimizing the piece cost of the final e

tion to developing the software, this in-
. ects eliminating durability and NVH
= Century
v sl ¥
committed to enabling transmission ;
ing problems during development test- Longbow Apache
product.”

For more information:

Simon Roberts,

Business Development Manager
Romax Technology

Rutherford House

Nottingham Technology Park

Nottingham NG7 2PZ s

England 586 Hilliard Street, PO. Box 1898 Manchester CT 06045-1898 LS.A
Phone: (44) 115-951-8800 Telephone: 860 649-0000 » Fax: 860 645-6293

E-mail: simonr@romaxtech.com Home Page: httpodfwwaw. purdytransmissions. com

Internet: www.romaxtech.com E-Mail: salesgpurdytransmissions.com
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PRODUCT NEWS I
Power .

o A Planetary
PRECISION N | System that
| Increases

Power

Density

MILWAUKEE
GEAR

o M OB oA MY
imglon Ad
315

More power at your fingertips—
Turnkey Design Services is manufac-
turing a planetary gear system to
increase power density.

A gear buyer has a motor, an actuator
and a new requirement for the gears
between them: More power in the same
space. Or he may face the other common
requirement: The same power in less
space. Whichever is the case, he needs a
planetary gear set that will do the trick in
his low horsepower application.

Also, whichever is the case, he may
find the needed gear set in a design con-
ceived by the National Aeronautics and
Space Administration and developed by
it and Turnkey Design Services LLC, a

Join the thousands who visit every day. small engineering firm. _
L - As an example of more power in the
0g on to www.powertransmission.com to same space, TDS compares its planetary

find suppliers of the components you need. set to a similar, conventional set. Both
have gearhead diameters of 23 mm. The

* Gears * Bearings ® Motors * Speed Reducers TDS set hgs a reduction ratio of 222:1, the
other a ratio of 246:1. The TDS set, how-

° SprOCkets * Actuators ever, can sustain a maximum torque of 1.2
e Linear Motion... and more Nm to the other set's 0.7—that's a 71%
increase in maximum continuous torque.
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PRODUCT NEWS

Moreover, the TDS set does its work  NASA conceived and initially devel- For more information:
in two stages; the other set uses four. Nopped the gear-bearing product and lateffurnkey Design Services, LLC
surprisingly, the TDS set weighs lesslicensed TDS to look into its commercial 12757 S. Western Ave., Suite 401
than its counterpart, 35 grams compared!ses and to manufacture it. TDS itself isBlue Island, IL 60406
to 100. a custom-product design firm that spe-Phone: (708) 293-1120

The greater power and fewer parts—Ccializes in hydraulic and pneumatic Fax: (708) 293-1125
and the consequent reduced weight—products and applications and in turbo-E-mail: contact@tdsdesign.com
result from the planetary set's design.machinery. Internet: www.tdsdesign.com
The heart of that design is the elimina-
tion of a separate bearing and the incors
porating of a cylindrical roller on the sun PS )
gear and each planetary gear. Thes Englneered PI“S'I‘
rollers provide the same function as a
bearing would. They also allow the TDS

set to achieve greater load sharing G d f
between its gears, thereby increasing ean ma e o
load carrying capacity, says president & I P I

engineering manager Rob Kennedy.

He adds that the gear-bearing produc
can achieve several gear ratios in the
same space by swapping out severg
gears. These ratios include 3.8:1, 28:1
43:1 and 1,298:1. TDS is already in the
midst of proving this ability to a Chicago
manufacturer of electric gear motors.

TDS is manufacturing three prototype
sets, each with the same diametral an
axial envelopes, 3" and 2.6" respectively,
but each with a different ratio, 38:1, 55:1
and 346:1. Based on TDS’s detailed
drawings, these ratios can be achieved b
replacing the first stage gears (sun, plan
ets and ring) without replacing the sec-
ond stage ones, Kennedy says.

TDS is looking to use the planetary
set for speed reducing in conjunction

Timco’s Calaumid Gears offer the best properties of
with electric and hydraulic motors that| POth steel & plastics. The alloy core allows you to run a
drive actuators, pumps, compressors anfl Nylon gear on the same size shaft as a steel gear, with-
gearboxes. out the need for an enlarged keyway. Calaumid gears
Kennedy says TDS intends to marke§ gre corrosion resistant, reduce noise, provide shock

the gear-bearing product to the automo
tive and aerospace industries and
describes several possible applications if
both industries. The planetary set could

be used to open and close sliding doors
on vans, to open and close lift gates o

absorption and eliminate lubrication requirements.

t

SUVs and to move power seats back angl

forth in automobiles. In aerospace, theg 1'800'792'0030

assembly could be used to open ang TIMCO INC., P.O.Box 2059, Peekskill NY 10566
close bay doors of cargo and fighter air- Tel: 914-736-0206 * Fax: 914-736-0395

craft and to extend and retract aircraft
wing flaps.
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Ground Gear

I
At Shaved

Gear Prices

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

We recently installed a first-of-its-kind
Gleason® 245 TWG, High Speed Threaded
Wheel Grinder. This latest technology
in high speed production grinding will
meet your most demanding needs on
PRICE, on QUALITY and on TIME.
¢ Eliminate process related deviations
and heat treat distortion

* Maintain critical size on a consistent basis
* Improve profiles and eliminate errors

and other 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.hiagaragear.com
941 Military Rd, Buffalo, NY 14217

NIAGAHA

liEAIl CORPORATION

GROUND GEAR
SPECIALISTS

QOUND PRODUCT NEWS I

New Internal Whirling
Process from Leistritz

The Innovation 200 is
designed to compete

internal threads.

«a

Leistritz Corp., of Allendale, NJ, has
developed the Innovation 200 internal
whirling process for machining difficult
internal threads. Performed without
coolants, internal whirling is compatible
with either soft material or steel as hard
as 65 HRC using carbide tooling.

Engineers at Lesitritz saw the need
for a process that did not involve the
high spindle speeds associated with
grinding, which can require speeds in
excess of 30,000 rpm. In addition to
this, the complications of distributing
the coolant to the exact interface
between the workpiece and the grind-
ing wheel add more difficulty to the
grinding of internal threads. Finally, the
grinding wheel must be dressed with a
compensated contour to generate an
acceptable thread profile.

“Innovation 200 does not require a
coolant,” says Ralph Wehmann, sales

with grinding processes
for the manufacture of

Leistritz engineers say Innovation 200
can cut faster than grinding but still
produces a high quality
surface finish.

manager at Leistritz. “Number two, we
don’t need such a high spindle speed.”
This machine is an inverted vertical
machine with the chuck on top. The
axis longitudinal travel moves the chuck

173 ”

“ (L)

and its rotary axis up and down. The
head remains stationary.

One of the key advantages of this
design is that it isolates vibration caused
by the oscillating masses directly into the
massive machine bed. The bed is very
dense with different vibration absorption
characteristics. Hydrostatic guideways for
all axes guarantee high precision and accu-
racies.

Integrating automatic loading is easier
because the chuck remains above the
work, and the combined “x” and
have expanded travel areas. Therefore, the

[TEL)

Z~ axes

chuck can act as its own gripper system
and go to a familiar location to pick up a
blank workpiece.
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PRODUCT NEWS

a ball screw company in Germany, hasFor more information:
already tried this concept to produce anleistritz Corp.
automotive component with a 6 lead 165 Chestnut Street
thread used in a light truck to control Allendale, NJ 07401
automatic vehicle leveling. Phone: (201) 934-8262
“That machine was one of the first Fax: (201) 934-8266
delivered in August. It's been running E-mail: Staff@leistritzcorp.com
with  no problems since then,” Internet: www.leistritzcorp.com

S

Sample parts made by internal whirling.

Probes can be used to obtain the trueWehmann says.

comiorgage

position of timing holes, so the thread
can be precisely timed for the start
point. It is also possible to hard turn the
bore prior to whirling.

A 12,000 rpm milling spindle is
available for auxiliary operations. As
the tool rotates at cutting speeds of
approximately 600 sfm, it also oscillates
axially. The amount of oscillation is cal-
culated from the thread parameters and
tooling circle data. Higher lead threads
require larger oscillation amounts, and
the oscillation continually maintains the
cutting insert normal to the helix angle.
According to the company’s press
release, a completed thread is achieved  (§7 s, “ °(Gage the Part at the Machine!
in a single whirling process. Yl Fd

Rugged,
Reliable,
Repeatable

¢ Applicable to Spur and Helical Gears!

“Really, the most unique thing is that | Pitch <] .
as it turns, it cuts in and at the angle,” Dlame.te_‘r& 3 ";
Wehmann says, “When it's not cutting, | =i o ey
it oscillates back so that each revolution ;_:—_-_"“r,.:" i COMTOR SPLINE GAGES
it moves up and down. On a half turn, it .
oscillates in and the other half oscillates | Major Internal or
out within a single revolution. The Diameter Eﬁg;lilrgﬂ;nni
oscillation amount is programmable.” Made Easy!
As far as the quality of the finished \ Still using
product, Wehman says it's as good as| Minor micrometers and
Diameter pins method?

grinding for every dimension, and it can
cut faster with high-quality surface fin-
ish.

Wehmann estimates that the
Innovation 200 is comparable price-
wise to grinding, with price tags at
about $600,000-$700,000 for the com-
plete machine. However, with thread-

Comtor Spline
Gages make pitch| .«
diameter measure-
ment quick, easy
and accurate!

...ror 75 Years!

ing, there is no danger of additional
costs for coolant or filtration systems,
he says.

Innovation 200 is designed for ball
screws, acme nuts, rope or other threadg
and power generation. Berger Precision,

Comtorgage Corporation
(since 1928)

Phone: (401) 765-0900 » Fax (401) 765-2846

www.comtorgage.com
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PRODUCT NEW S

New Measuring Machine
from Marposs

cally for the North American market. a measuring table and crossed axes

Other features include digital direciequipped with precise roller bearings and
drive, V- and flat guideways coated witlprecision, backlash-free, DC servo drives.
abrasion-proof Granitan S200 and three ~ For more information, contact Mahr
phase servomotors with 40 mm diameteFederal of Providence, RI, by telephone
prestressed precision ballscrews th:at (800) 333-4243 or on the Internet at
power the X- and Z-axes. www.mahr.com.

In addition, this machine features
Fanuc 21i digital control and axis drive

New Instrumentation Gears

components. The control package he
Studer grinding cycles for diameters
shoulders (left and right), tapers (nege
tive and positive) and contours.
The M110 Optoflex from Marposs is  For more information, contact United
designed for the dimensional inspectionGrinding Technologies of Miamisburg,
of shafts and shaft-like parts. Utilizing OH, by telephone at (937) 847-1222 o
optoelectric technology, this machine canon the Internet atww.grinding.com
inspect a number of parts while perform-
ing different types of measurements.
Designed for use in a shop floor envi-
ronment, the machine can be integrate
into a product line with the possibility of
feedback to the machine tool. It can alsg
be used as an audit station or for post
process inspection applications.
According to the company’s press
release, the machine offers a high degre
of flexibility by using shadow cast opto-
electronic solutions. As opposed to thg
traditional contact and air-to-electric solu-
tions, this method allows measurements t
be performed without touching the part.
A single light blade produces meas-
urements and an LVDT probe can be
incorporated for axial TIR measure-
ments. Performance checks include stati
and dynamic diameters, stroke and index
straightness and profile analysis. The MarVision from Mahr Federal is
For more information, contact designed to provide a mid-sized solutio
Marposs Corp. of Auburn Hills, MI, by for high precision applications that
telephone at (248) 370-0404 or on therequire multiple modes of inspection.

New Measuring Machine from
Mabhr Federal

from Precision Alliance

A new line of specialty and instru-
mentation gears from Precision Alliance
includes spur, segment, anti-backlash
synchro, beveled, worm and customized
gears.

According to the company’s press
release, all are rated at AGMA Class 14
and beyond. Available in a variety of
standard materials including bronze, alu-
minum and stainless steel, these gears
come with or without hubs.

For more information, contact The
Precision Alliance of Fort Mill, SC, by
telephone at (803) 396-5544 or on the
Internet atvww.theprecisionalliance.cam

New Geared Motors from
Danfoss Bauer
The BG Series of three-phase geared
motors from Danfoss Bauer is engi-
neered to drive a variety of types of
machinery and equipment.
The motors have a power capability

Internet atvww.marposs.com. According to the company’s pressof 0.075-50 hpvith output speeds of 0.3
release, this machine is fully automatabl-540 rpm and a torque range of

New Grinder from United and incorporates a CCD camera, TTI177-163,000 Ibf.-in. Available as a stan-
Grinding laser and mechanical touch-probe sensdard two-stage design, the motors include

The new S33 universal cylindrical to provide precision measurement in Stator winding of high quality insulated
grinder from United Grinding can grind design best suited for use near producticenameled copper wire, an aluminum die-
longer shaft-type parts due to its 1,000line and work cell environments. cast cage rotor and gear wheels that are
mm capacity between centers. The software is available in an openconstructed of high tensile and die-cast

According to the company’s press architecture style that supports use of trsteel.
release, the machine was designed specifisUI for operators. Other features includ  According to the company’s press
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release, the gearbox housing is complete-
ly enclosed for operation in harsh condi-
tions and prevents lubricant loss and dirt
build-up.

For more information, contact
Danfoss Bauer of Somerset, NJ, by tele-
phone at (732) 469-8770 or on the

Internet at www.danfoss-bauer.com.

New Bison Gearmotor

The 562 Series hollow-shaft gearmo-
tor from Bison Gear has an increased
center distance and greater clearance for
wider faced gear shafts.

The 562 offers an optional fourth
stage of gear reduction and provides
ratios up to 2,200:1 in the same envelope.
According to the company’s press
release, this allows for a smaller input
motor without sacrificing output torque.

Featuring hollow shaft options with
multiple mounting configurations, this
gearmotor is offered with a variety of AC
and DC input motors, including three-
phase and inverter duty.

For more information, contact Bison
Gear of St. Charles, IL, by telephone at
(630) 377-4327 or on the Internet at
www.bisongear.com.

New DC Gear Motor from
Midwest Motion Products

The new MMP.PDSF80-12V.018.1
geared motor from Midwest Motion

. PRODUCT NEWS

New Coated Insert from Seco-Carholoy

The TP3000 from Seco
Carboloy is a new generation of
coated inserts for steel turning to
be used on machining applica-
tions such as heavy roughing,
interrupted cuts, heavy feed
rates and workpiece materials

with  uneven  machinability
between different material
batches.

The carbide incorporates a
hard coating composed of an
alpha alumina material with a
fine grain structure. According to
the company’s press release, the
coating’s smoothness prevents
the built-up edge that can occur
in machining stainless materials.

For more information,
contact Seco-Carboloy of
Warren, M, by telephone at
(586) 497-5000 or by e-mail at
carboloy@carboloy.com.

Products can accept VDC power sources,
including batteries.

According to the company’s press
release, the reversible geared motor
measures 2.8" in diameter by 5.6" in
length with an 80 mm square gearbox.
The output shaft is 10 mm in diameter
and includes a square shaft key and key-
way.

The geared motor has a shaft output
speed of 160 rpm and is rated for 26
in.—lbs. of continuous torque at 3.9 amps
of current. Popular options with this ser-
vomotor include integral optical encoders,
fail-safe brakes, analog tachometers and
optional ratios from 3:1 to 180:1.

For more information, contact
Midwest Motion Products of Watertown,
MN, by telephone at (952) 955-2626 or on

the Internet at www.midwestmotion.com.

New Compact Gearbox from
ZF Industrial

The CG gearboxes from ZF Industrial
are best suited for use in robotic or other
automation applications, like electronics
or other OEM manufacturing industries.

According to the company’s press
release, these gearboxes feature a back-

lash absorbing system that includes a
tapered gear tooth profile optimized for
the highest levels of precision. Backlash
rates are less than 0.5 arc-min.

In addition, the gearboxes include a
large output flange that is supported by
oversized cylindrical roller bearings that
can produce an assembly with an output
torque of up to 2,500 N-m. Acceleration
torques of up to 2,500 N-m can be
achieved due to an interlocking power
transmission design that reduces the
gearbox’s length and provides efficiency
levels up to 94%.

Available in five models with ratios
from i = 20 to i = 103, the units can
accept speeds up to 5,300 rpm and main-
tain sealing levels up to IP65.

For more information, contact ZF
Industrial of Nottingham, U.K., by e-
mail at rob.pearson@zf-group.co.uk. £}

Send Your News to:

Robin Wright, Assistant Editor
Gear Technology

P.0. Box 1426

Elk Grove Village, IL 60009 USA
Phone: (847) 437-6604

Fax: (847) 437-6618

E-mail: robin@geartechnology.com
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(ood
Basic Design
or
ophisticated
-[ank
Optimizations? Each at the Right Time

Dr. Hermann J. Stadtfeld

is a co-founder of BGI GmbH & Co KG. Located in
Eisenach, Germany, the company specializes in devel-
opment and application of bevel gears for the automo-
tive industry. Previously, Stadtfeld served as a vice
president and head of research & development for The
Gleason Works in Rochester, NY, and as director of
engineering and research with Oerlikon GearTec AG in
Ziirich, Switzerland. He started his technical education
with an apprenticeship at the ZF Friedrichshafen AG, a
major European gear manufacturer, and received his
doctorate in mechanical engineering from the Technical
University of Aachen, Germany, researching bevel gears
for his dissertation. Stadtfeld has spent more than 20
years developing software, hardware and other process-
es for gear design and optimization. Besides his BGI
work, he trains engineering students at universities and
gear engineers in companies around the world.

For more information:

BGI GmbH & Co KG

Rennbahn 25, D-99817 Eisenach, Germany

Phone: (49) 3691-684-386 ® Fax: (49) 3691-684-374
office@bgi-auto.com ® www.bgi-auto.com
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More Strength, |eSS nOISG Those are two major demands on gears, including

bevel and hypoid gears. Traditionally, gear engineers have met the first demand by changing a gear set’s basic
parameters—tooth height, pressure angle, spiral angle, etc.—and met the second by making flank form mod-

ifications, also known as ease-off.

With today’s computer technology, though, many engineers are modifying flank topography and discover-
ing their gear sets are both stronged quieter. Unfortunately, this coincidence is tricking some engineers
into believing that ease-off itself adds strength to gear sets. In fact, the flank form modifications are only
allowing the sets to make greater use of the strength that was possible in their basic designs.

Most strength optimizations require changing a gear set’s basic parameters. Most minor reductions in gear
noise are made by optimizing just flank topography. In some cases, though, there are gear sets that don't use
all their possible strength because they need sophisticated ease-offs but lack them.

The challenge for gear engineers is to know when to change which, basic parameters or flank topography,

to increase a gear set’s strength. To know that, engineers need to |
stand both basic parameters and flank form modifications. The par
ters are discussed in the side article, “Influences of Major B
Parameters.”
Changing Basic Parameters Not Always Possible

A gear set'’s basic parameters offer gear engineers many ways tc
mize the set’s performance, but changing them may not be an opti
many cases. Gear engineers often must optimize for strength or nc
existing gear sets that have been in service for many years, but tha
improvement because their gearbox requirements have changed
example is a prime mover in which the gear set must transmit r
power—but still fit in the same space inside the existing hous
Another example is a gear unit in which noise must be reduced.

Generally, a strength optimization requires a new or improved &
design. The exception is a gear set with an optimal basic design bu
a conventional ease-off, one that allows for improvement. In that ¢
a gear engineer will significantly strengthen the set via sophistic
flank modifications. Such ease-off may be the engineer’s only optic
the space for the set can’t be increased, as in the prime mover exe

In the other example, gear engineers are usually told not to ch
the noisy gear set’s basic design. The reasons are time and mot
basic parameters are changed, the gear set will require a strength r
ification. But requalifying an automotive axle drive unit, for examg
may cost $40,000 and take six months.

Fortunately, sophisticated optimizations of flank form have a net
or positive influence on a gear set’s strength. It's widely accepted i
industry that a gear set with flank modifications doesn'’t need its stre
requalified as long as the modifications didn’t change the basic par
ters. So, whenever possible, gear engineers would be well advis
follow this rule: “Keep the existing, proven basic design and adjust
the contact topography.”

Flank Form Modifications

Flank form modifications are deviations from the correct, or cor
gate, flank form. If a ring gear were used in a virtual process to ge
ate a pinion, the result would be a pinion that has—at all times—
contact with one or more gear tooth flanks and rolls perfectly witt
motion transmission error. This would be a conjugate tooth system

But this system isn't possible in the real world. As gear engin
know, gear and pinion interaction is affected by manufacturing tc
ances and load-dependent deflections of the gears, bearings anc
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Influences of
Major Basic Parameters

A gear set's basic parameters establish the potential of its
properties, including strength and noise. There are many major
basic parameters, and they have a variety of effects on the oper-
ating performance of a gear set. Gear engineers need to under-
stand these effects, especially when optimizing gear sets.

A tall tooth is more elastic than a standard tooth. The tall
one’s thickness is less than the standard one’s, but it isn't
reduced by much. The tall tooth’s height is limited to the mini-
mum point width of the cutting blade. But the tall tooth has
advantages over the standard one: higher effective contact ratio
and lower impact intensity at the tooth entrance. In other words,
there are strength and noise advantages without significant dis-
advantages.

A high spiral angle reduces normal tooth thickness and
increases the theoretical contact ratio. The reduced thickness has
a second order influence on root bending stress, reducing a
gear’s load carrying capacity. The higher contact ratio has a less
than proportional influence on load sharing, but the teeth will
mesh more smoothly and have reduced tooth impact excitations.

Reducing pressure angle increases the root and top widths
of teeth. Given this effect, a gear engineer can increase tooth
depth because blade point width and pointed tops won't reach
their limits until much later.

A fine-pitch gear will have a higher contact ratio and pro-
portionally shorter and thinner teeth than a coarse-pitch gear of
the same circumference. These effects result from the fine-pitch
gear having more teeth on its circumference. The fine-pitch
gear will also make much less noise, but its load carrying
capacity will be significantly lower.

A smaller face width means a low transverse contact ratio
and a short contact pattern. It also means there will be a con-
tinuous risk of edge contact even when deflections under load
are small. But a wider face width creates problems in manufac-
turing. Chips are too long, and heat treat distortion is signifi-
cant. Moreover, a wider face width doesn't increase strength to
the expected extent. Among bevels and hypoids, face width has
an optimal value that is 33% of the ring gear's mean cone dis-
tance.

A hypoid offset lowers the center of gravity for rear-wheel-
driven vehicles, but it creates relative sliding in the tooth lead
direction, increased pinion diameter and a higher pinion spiral
angle. The offset also leads to better hydrodynamic lubrication
film, good dampening properties, higher overall contact ratio

Continued on page 23.
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box. Line contact becomes edge contd Ease-of
along the teeth boundaries, and moti{ o
transmission takes on a saw-tooth profi % 3
Moreover, bevel gears—which includ i
hypoid gears—require relief in the prd Tooth Contact Tooth Contact Tooth Gontact

file and lead directions from their conjy ‘@ ‘mj ‘E}:j
gate flank forms. This relief starts in -

tooth’s center and provides circular relid s T .
towards the tooth ends, top and root. | i ,-'/ | |\\ f(’] :\}/"“\: :

Today, the ease-off of a typical bevq Li 1 Ly ! ; Al
gear set consists of a circular relief in tt
lead direction (length crowning), a circyFigure 1— Erofi!e crowning (left column), length crowning (center column),
lar relief in the profile direction (profile and flank twist (right column).
crowning) and a circular relief in the path-of-contact direction, diagonally across the flanks (flank twist).
Figure 1 shows calculated contact analysis of these three basic corrections in three columns, with each ea:s
off on top, its tooth contact in the middle and its resulting motion graph on the bottom.

The latest computer developments also make it possible to apply higher order flank modifications along
the path of contact. These modifications are created during the generating of pinions and gears via a machine
axes, through a combination of additional roll-position-dependent movements. All these modifications are
plotted together over the tooth projection plane, just like the result of a coordinate measurement. This eas
off represents all deviations from the conjugate tooth system, regardless of whether the modifications wer!
done in the pinion, the ring gear or both.

What Can Ease-0ff Do?

Flank form modifications can be very powerful tools for noise and strength optimizations, especially since
the modifications are available for the leading machine tool brands. Ease-off can increase strength if, fo
example, a gear set has a contact ratio that’s lower—even much lower—than the ratio possible given the sef
existing basic parameters. With the right modifications, the contact ratio can be increased, so the gear s
makes greater, more efficient use of its existing basic properties. As gear engineers know, when contact rat
is increased, strength is increased.

Using higher order modifications, gear engineers may even be able to define different flank sections, allowing
them to distinguish between the changing requirements of the contact entrance and exit areas as well as the m
contact section. Figure 2 shows a motion graph that can result from higher order flank form modifications.

Also, higher order modifications can improve load sharing between two or three consecutive pairs of teeth
decreasing surface compression stress and root bending stress, possibly by 25% or more.

A gear set’s basic geometry defines the modified contact ratio as a result of profile and transverse contac
ratio, but load sharing between consecutive pairs of teeth depends on the load and ease-off between mesh

'qb Ease-Off
:
,

Toe K‘\"E\Ti Root

L '\::. o
g

Heel

p Heel

Good flanks. If the ease-off is parabola shaped (of second order) in the profile and lead directions, then the pair c
Basic Design teeth with contact areas close to the center transmits 60-90% of the load. Conversely, this ease-off decrea:
or the load transmitted by the pair of teeth with contact towards the entrance area and the pair of teeth with col

Sophisticated tact towards the exit. Those pairs trans-

Flank o e ey mit only 10-40% of the load.
Optimizations? s Moreover, gear engineers can use a
Each at the u, higher order ease-off to reduce the load
Right Time " = . transmitted by the pair of teeth with cen-
| | g ter contact. Such an ease-off can reduce
recing E I it to 40%. This reduction in turn increas-
Parr " Enwance Pair es up to 60% the load transmitted by the
o | Exit pair with entrance contact and the pair
Pait | with exit contact.

This effect has no drawback. The load

distribution between consecutive teeth is

more equal, so the load change in pairs

Figure 2— Sophisticated flank optimization with higher order motion graph. of teeth during mesh is smoother and less
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abrupt, as shown in Figure 2. This is a win-win situation that is just r
being used to its full extent in the gear industry.

In both cases—parabola shaped ease-off and higher order ease
the calculated contact ratio remains constant, but only the higher c
ease-off uses the contact ratio more intelligently.

Gear engineers should be careful, though, if a noisy gear set ha:
viously been optimized using higher order ease-off, such as Gle:
UMC or Klingelnberg Modified Crowning, and the set’s strength w
based on the unconventional, optimized design. Focusing too muc
the noise, an engineer might try to reduce the noise by superimpc
additional higher order modifications on the existing ease-off. The 1
modifications might partly reverse the existing ease-off’s posit
effect, sacrificing the design’s strength.

The engineer, however, can check on whether his noise optin
tions sacrificed strength by using finite-element calculation syste
dedicated to high-accuracy calculating of gears. These systems c.
used to verify a gear set's before and after situations. However, i
calculation shows an increase in critical stress, the engineer would
to change the basic design to keep the stress below the required
and to enhance the transmission quality.

Conclusions

Gear engineers should be aware that basic gear design paramete
ate the foundation for a gear set's properties and that flank form mc
cations can help the set fully realize its properties. A bad ease-off, e\
conventional one, will keep a gear set from achieving the potet
offered by its properties. A good ease-off will allow it to achieve
potential by taking optimal advantage of those properties. By optim
combining basic design and flank modifications, gear engineers can
ate gear sets that are able to transmit twice as much torque as othi
of the same size and still be quieter than those other sets.

Generally, a strength optimization requires a new basic design.
exception is a basic design that is found to be optimal but the ease-
conventional and leaves room for improvement; here a sophisticated
modification will make a big difference and might be the only possibi
if the space of the gear set can't be increased.

A noise optimization generally requires a flank modification on
The exception here is if the gear set already employs higher order -

modifications. In that case, the noise reduction may not be easily pus-

Continued from page 21.

and increased pinion strength.

Whenever possible, gear engineers should design bevel
gear sets to include hypoid offsets—that is, they should design
hypoid gear sets. A hypoid gear pair is preferable to a spiral
bevel gear pair because the hypoid offset provides strength and
noise advantages that are significant and should not be under-
estimated. However, the hypoid set requires high pressure
hypoid oil, so it will have scoring resistance. Also, if the offset
is too high, the sliding velocity causes increased operating tem-
perature, additional energy loss and the risk of scoring. The
optimal hypoid offset lies between 10% and 20% of the ring
gear diameter. The coolest running bevel gears are hypoids with
an optimal offset: Their efficiency and strength are unbeatable
compared with spiral bevel gear sets.

A small cutter radius increases a gear set's contact ratio. It
does so because, compared with a conventional or large cutter
radius, a small one increases spiral angle on the heel and
decreases the “natural” loaded contact movement towards the
heel. So gear engineers should choose a cutter diameter that
allows the mean contact point to move from light load to maxi-
mal load using about 30—-50% of the face width, while the con-
tact area increases to cover the entire flank area without hard
edge contact. However, an engineer’s choice of cutter diameter
depends on displacement between pinion and gear under load
in a gearbox housing.

A face-hobbed tooth surface, when lapped, will present an
optimal condition for smooth operation. This surface depends
on face hobbing because the machining flats and contacting
lines between pinion and gear cross each other under an angle
that provides pockets for the lapping compound. In face milling,
the flats and lines are parallel, so they don't create pockets.
When a face-hobbed gear set is rolled in a lapping machine, the
compound will fill the pockets so only the peaks of the machin-
ing flats have contact at the start of lapping. This contact leads
to initial material removal that is rapid but uses low torque only.

As lapping progresses, this rapid removal reaches its natur-
al end when 90% of the cutting structure is removed. For face
hobbing, like for face milling, a gear engineer should pick a cut-
ter radius that optimally controls loaded contact movement.

Gear engineers should also keep in mind: If the cutter has a
high number of starts, the tooth lead function will approximate
the shape of an involute. This approximation results in a gear set
with additional insensitivity to deflection. In particular, it pro-
tects the teeth from edge contact in high load situations.

sible. If an improvement still seems reasonable, a finite element calculation of the before and after situations
is necessary. If the calculation shows critical stress is increased, the gear engineer will need to change the basic
design to keep the stress below its required limits and to reduce noise through better transmission quality.
Gear engineers should see the possibility of developing a new basic design as a great chance, not as a bur-
den. They should always start with the previous design because they may be able to make many small
improvements to better adjust the gear set to its changed requirements. Also, they should never make the mis-
take of thinking that the effort of thoroughly developing the basic parameters can be reduced to making only
higher order flank form modifications. They must always remember the rule: “The basic design parameters
set the direction for the gear set’s properties, sophisticated flank form modifications will only give us better

access for realizing the properties’ potentik”
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WS FApproach to




By Veniamin I. Goldfarb and Alexander A.Tkachev

Computerized Design
of Spur and Helical Gears

Introduction
One effective way to enhance gear design is to
allow users to forecast the quality of a gear at the
initial design stage—that is, when choosing the
basic, initial geometric parameters. Such oppor-
tunity decreases considerably the range of vari-

able parameters and raises the design quality and

efficiency.

This idea is implemented in a new approach
to the design of spur and helical gears. The
approach is based on the application of a special
type of geometrical objects named blocking con-

tours (Refs. 1-4). These BCs are used to choose

rational values for addendum modification coef-
ficients (profile shift coefficients) of a pinion and
gearwheelx, andx,, respectively. The influence
of shift coefficients on the calculation of a gear’s
tooth geometry and kinematic and strength pa-
rameters is widely known. Given this influence,

Management Summar

In gear design, choosing shift coefficients x, and x, for a pin-
ion and gearwheel may be crucial to providing the necessary
quality for spur and helical gears. This choice can be made by
means of a so-called dynamic blocking contour (DBC), which is
described in this paper. The contour contains important informa-
tion about a number of quality parameters for a gear design and
can be drawn with help from a “Contour” CAD system when
choosing a gear's initial parameters.

When applying a DBC, the designer can predict the gear's
quality at the earliest stage of its design, i.e. when choosing the
values x, and x,. This ability allows a designer to increase con-
siderably the productivity and quality of the gear design process,
eliminating complex iterative procedures for finding optimal
solutions.

many properties of a gear can be estimated at the

stage ok, andx, selection by means of blocking
contours—that is, at the initial design stage.
Thus, the process of choosing optimal gear pa-

rameters is simplified considerably.

Based on the BC concept, computer-aided
design of spur and helical gears has been deve
oped to achieve the stated design principles. I
order to better illustrate the design, CAD shows
the meshing processes of the gear pair and show
meshing element generation by a rack-type cut
ting tool. Release of the developed system allow:
users to master the methodology and possibilitie
of gear design using the BC concept to evaluat
the selection of shift coefficients to obtain speci-
fied gear properties.
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New Approach to Computerized Design of Spur and Helical Gears

- z sirfa,

1| b .-_u - X = hl* _ ha* _ 7008 (1)

wherei = 1 for a pinionj = 2 for a gearwheel;

. ;’i; ' h* is a boundary height factor equal to the ratio
T | of the height of the rectilinear section of an initial
i ,.- contour (“producing, or basic rack”) to the mod-
[** f ulem; h_* is an addendum factor, one of the main

LI " N ] Lt} _?.l.-‘.-"_"l o i L ] "‘l_ . . %

v basic rack parameters (in most calsés= 2h_*,

A the standard valule* = 1);
Pue | | z is the tooth numbez( is for a pinionz, is for

a gearwheel);
B is the helix anglef{ = 0° for spur gears);

b

] _ taro
Figure 1—View of a blocking contour. &= arctar( coP )

Essence of the Blocking Contours Method is the pitch profile angle in lateral cross-section;

A set of lines is plotted on the coordinate planeéherea is the pressure angle, another important
X, X,, the lines corresponding to certain values obasic rack parameter.
basic factors which limit the valid process of mesh-
ing. These values can include maximum allowable.) Lines of interference.
ones. The factors are:
1.) the absence of undercut when cutting piniorfror a pinion:

and gearwheel teeth,

2.) the absence of interference in operating mesh-a,sina,,, — 0.5 tamr,, = O.Edlsimt—h'sih—r;lxlm 2
Ing,

3.) a transverse contact ratig—including its where
allowable value, for example, = 1, and a, is the gear center distance;

4.) tooth thickness at the addendum cisjend o, is the gear pressure angle
its minimum allowable value, for examgig= 0,
corresponding to sharp or pointed gear teeth. inva, = 2
When intersecting with each other, these lines
form a closed area on the coordinate plane. Thehere “inv” is the designation of an involute
point x,, x,) for the pinion x,) and wheelx;) must ~ function of an angle (inv = tarx — o), some-
be within this area, otherwise one or more of théimes also called an involute angig;anda,, are
gear operation criteria stated above will not be truénterconnected with a known relation
Figure 1 shows limiting lines in terms of undercut _ coq,
(straight lines 4 for a pinion and 5 for a wheel), A= coxxy,
interference (two lines for a pinion, 6 and 6', and (2, + Z)m
two for a wheel, 7 and 7), transverse contact ratighere  a=—5g—
€, = 1 (line 1) and the sharp teeth of the pinigp (
= 0, line 2) and wheek(, = 0, line 3). The area is the pitch center distance;
defined by these lines (the figure’s shaded area) &, is the gearwheel base diameter;
the domain of coefficients andx, which meetthe a,, is the tooth profile angle of a gearwheel at the
above criteria. This shaded area is bounded by pafeint of tooth addendum circumference
of the abovementioned limiting lines-7L. These _dy,
parts make up a closed line. This line is called a O = d.,
blocking contour (BC). whered,, is the gearwheel tip diameter (diameter
To determine the limiting lines, the following of the addendum circle); and
mathematical equations should be used. formulae ford,; andd,; are well known.
With these formulae, one can obtain the
1.) Lines for the undercut are straight lines paralexpressions for cos, and cos,, which include
lel to the coordinate axes: shift coefficientsx; andx:

X X%
3+z

tan+ inva, 3
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be correct and effective. This system is a gear

cos, ,= A£0% ) CAD system created by the authors based on the
2% — %, JcoB + 2, +2) % 2, BC concept. _
w The linex , s, and g,, which are among the
d, is a pinion reference diametet, € mz). mentioned BC curves, depend on initial parame-
In the equation for a gearwheel, indices 1 anders such as tooth numbgrandz, for a pinion
2 interchange their places. and gearwheel respectively, helix anfleand

Using the known relations fax,, d,,andd, in ~ basic rack parameters—in particular, pressure
equation 2, we can obtain the following correla-angle o and addendum factdn,*. They also

tion for the pinion: depend on values of parameters for which these
lines are constructed. When designing a gear, the
(z, + Z)costan,,, — Z,cogutan,, values of these latter parameters are taken either
_ co from standards or from practice. For example,
= zsina, — 2 %m* -hx-x) (5) P P
t

the minimum allowable value &f is chosen as
1.0, 1.1 or 1.2 in accordance with different stan-
dards and the type of gear being designed (spur
or helical); the minimum allowable value gf ,
= 0.25n or 0.4n. In the practice of design and
research, however, it is often necessary to oper-
ate with non-standard values for these parame-
ters. Moreover, in order to increase the flexibility
of the design process, one may need to simultane-
ously construct several lines of one type with dif-
ferent values for the determining parameter. This
4.) Lines of tooth thickness at the addendum ciryvas the' reason for the development of the dynam-
cles, (i = 1 or 2, as before): ic blocking co_ntour (DBC) concept. .
Let's consider the case when an engineer

5= dai( mo, ta oy inmai):ksim ) designs a helical gea_r gnd wants the transverse

i contact ratio to be within the range kC, <

The valueky determines the tooth thickness at1'4' Then the BC conflgu_ratlon containing two
transverse contact ratio lineg= 1.0 ande, =

the addendum circle proportional to the module. ) L )
For the minimum allowable valuk, = 0, the 1.4 (represented by lines 1 and 1' in Fig. 2) is

expression defines the line which is the boundar%eq,u'red' If the e.n#meﬁr takes shift coefh(;lents
limited by sharp or pointed teeth. point (x;, x,)] within the area between these

Using the known expression fa,, we can curves (the figure's shaded area), the valug, of
obtain the following formula for the pinion: Is guaranteed to be within the given range.

wherea,,, anda,, depend upor, andx,accord-
ing to equations 3 and 4.

3.) Line of transverse contact ratp
%[zltam(al +ztan, - (z + Z)tam, ] = €, (6)

whereg, is a given value of transverse contact
ratio, e.gg, = 1.

| §x,
+ coxu | ! |
[0e0 g —e—s] |
o, P 1
xH 18,
. [ 221 + 2X1t2?—m + ioy— inv(k] =ky (8) “H_HH }/ﬂ;

o I
which, for a giverk, is the equation of the line ‘I - . ’_f
s,,in the planex, x,. ! T i

The equation of the ling,, for the gearwheel | s e s we s wsas| | s a0 | .-'-;r'f.i.". T Y
is almost the same, indices 1 and 2 interchangin 7 4
their places. TR |
Equations 1-8 have been used for calculatio :_“' {'
and construction of BC limiting lines in the coor- |
dinate plane,, x,. For more fast and reliable cal- A
culation of the lines, special algorithms werg l,, =
developed and used in a “Contour” CAD systen

(see the “Example” section below) and proved toFigure 2—Blocking contour withg,1 = 1.0 (line 1) and,1 = 1.4 (line 1).
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Figure 3—Description of features of BC lines.

Some Features of Blocking Contour Lines
A blocking contour (BC) has a property
which becomes very important for implementing

Xs

inva,, =2 73 tam + inva, and
cos,
aN —a————
co,

which appeared earlier.

From a geometrical point of view, it means

that:
1.)the position of the lin&, + x, = X; in the

coordinate plang,, x, is defined by the value
of one of three unambiguously interconnect-
ed parameters;, a,, or a,,

2.)pressure angle,, and center distance,,

remain constant when displacing the poigf (

X,) along the stationary straight limg+ x, =

Xs (that is along the line with the fixex) =
constant). In practical terms, this is important
because in actual gear design, center distance

the abovementioned concept of gear design. The @, is often predetermined and can't be

property is: In order to calculate and construct a
BC, it is necessary to have certain minimum

changed.

information, which is usually known at the first Il. Line with the equatior,, = a,, (line B in

design stage:
1.) tooth number of piniom, and gearwheet,;
2.) initial contour (producing rack) parameters—

Fig. 3)

Herea,, anda,, are tooth profile angles of a

in particular, profile angle, tooth addendum pinion and a gearwheel, respectively, at the
coefficient h_* and radial clearance coeffi- points of tooth addendum circumference. As

cientc*; and
3.) helix angleB (for helical gears).

research showed, this line has two following
interconnected properties:

In the simplest case, when designing a sput.) for a given center distaneg = constant, the

gear 3 = 0°) with “standard” initial contour(=
20°,h* = 1, c* = 0.25), it is necessary to know
only valuesz, andz,. Note here that the geometric
configuration of a BC does not depend on gearing
modulem.

In order to apply a BC more effectively,
“additional” lines within the coordinate plang
andx, are used along with the abovementioned
lines generating the blocking contour. These

maximum transverse contact rati, is
achieved at the poink{, x,) of intersection of
the given line with line AX; + x, = x; ) com-
pared with other pointsx{, x,) of line A.
Since the coefficiert, is known to be one of
the main parameters defining smoothness of
gear operation, the line under consideration
may be called “the line of maximum smooth-
ness”;

lines, like the lines forming the BC, are the geo-2.) for a given transverse contact ratjg the
metrical representation of several properties of a maximum possible value of the shifts sum
gear under design. Let's consider some of these coefficient x; (and therefore the maximum

lines (Fig. 3).

. Straight line with the equatioq + x, = x; (line
Ain Fig. 3)

Here x; is the so-called coefficient of shifts
sum. This line is important in the practical oper-
ation of a blocking contour. When the value of
the shifts sum coefficient is fixed(= constant),

values ofa, anda,,) is achieved along line B,

at the point of its intersection with the ling

(line 1 in Fig. 3). As the valug; increases,
the values of curvature radii for the pinion
and gearwheel tooth involute profiles also
increase, leading to a decrease of con-
tact stresses and, therefore, an increase of
gear contact strength. This opportunity, how-
ever, can be practically implemented only
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when the center distaneg, is variable with- ficients of a pinion and geaheel.

in a wide range, which happens very seldom. Example

That is why this line is alternately called “the Let’s consider the blocking contours of an

line of maximum contact strength” or, at leastexternal spur gear (Fig. 3) presented to the user

“the line of increasedcontact strength.” The of a “Contour” CAD system based on the

line may also be called “the line of minimumdescribed concept. A spur gear with the follow-

contact stresses.” ing initial parameters is consideret]= 22,z,=
35,m= 2 mm;a = 20° andh,* = 1. (This data

1. Line of equal specific sliding (line C in Fig. 3) is presented in a small panel “Gearset parame-

ters” near the figure’s upper right corner.) Center

This line has the equation (Ref. 5) distancen,, is assumed to be predetermirsgg-
arn ar 58.5 mm. The area limited by the blocking con-
u ( tama"; —J) = tamz -1 (3) tours is shaded in the figure. Line A corresponds
to the initial center distanag, = 58.5 mm. The
where u= 27 shift coefficients at poir&, where lines Aand B

intersect, are equal 8 = 0.103,x, = 0.718 and

is the gear ratio. If the shift coefficientsandx, X; = 0.821. The maximum allowable transverse

are chosen so the point;(x,) could belong to contact ratiog, = 1.425 for the givers,, is

this line (or, at least, to its vicinity), the gearachieved at this point. (This ratio is shown in the

operating conditions will be favorable for reducpanel “Calculated parameters” in the figure's

ing the risk of scuffing and abrasive wear. lower right corner.)

Moreover, it is emphasized in Reference 1 If the point §,, x,) is displaced along line A
that such choice of, x, provides more benefi- to the right and downwards to position b—that
cial values of tooth shape coefficierjt from a is, to the intersection with line C—theq =
bending strength point of view. 0.445 andk, = 0.376. For these coefficients, the

Therefore, it is possible to choose the valuegdvantage of the line of equal specific sliding
of x;, x, at the initial stage of gear design bywill be obtained (see above). It is clear that
means of a BC and to choose lines A, B and choosing the position of the poing (x,) on line
described above to solve the following tasks: A between points a and b corresponds to some
« the given value of center distanag (choice compromise between maximum transverse con-

of the position of line A in the plang, x, is  tact ratio and equal specific sliding. This choice

provided); is also interesting in practice.

« maximum smoothness of gear operation If the gear design allows the center distance
(point of intersection of lines A and B) is a, to be increased from a geometrical point of
achieved for a givea,, or minimum risk of view, the increase corresponds to the displace-
scuffing and abrasive wear is achieved bynent of line A to line A, where it is tangent to
equalizing of specific sliding (point of inter- the lineg, = 1.2. This line (the curved line 1 in
section of lines A and C); Fig. 3) limits the blocking contour from above

* minimum contact stress is achieved for th@nd from the right. Note here that the minimum
chosen overlap ratie, at the point of inter- recommended value of the transverse contact
section of line B with line 1 corresponding toratio for spur gears according to Russian stan-
the given value,. The user immediately ob- dards for their geometry calculationgg= 1.2.
tains the displayed valuesxf a, ande, cor- Maximum values oks, a, anda,, are reached
responding to the chosen poink,,(x,) here within the blocking contour. Reference 5
where contact stress is noted to be minimunshows that the contact of line A (= constant)
Thus, the concept of gear property evaluatioande, = constant (line 1 in Fig. 3) always takes

and selection of the values, x, at the initial place at the intersection of lines 1 and B inde-

design stage is provided by means of blocking comendent of the value,. This is the pointc,
tours with the lines A, B and C described abovewvhere the shift coefficients akg= 0.497 anck,

Later in the gear design stage, the correspondirgl.232, and the values of shifts sum coefficient,

properties can be proved by calculations. Here theenter distance and pressure angle xre=

designer avoids performing time-consuming iterat.729,a, = 59.960 mm andh,, = 26°42'33",
tive procedures when choosing optimal shift coefrespectively.
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from ASME.

The abovementioned “Contour” CAD system

also provides some additional possibilities fofkeferences
visualization of: 1. Bolotovsky, |.A., V.I. Bezrukov, and O.F.

« tooth profiles of meshing pinion and gealr_Vasilyeva. Reference Book for Geometric

wheel in any desired scale with many auxili-Analysis of Involute Gears and Worm
ary elements, such as a line of action withl"@nsmissions Mashinostroyeniye, Moscow,
marked out sections of single- and double1986, p- 448 (in Russian).

pair engagement, active sections of tootf- Goldfarb, V.., and A.A. Tkachev. “Some

profiles, arcs of relevant circumferences: 1 neoretical and Practical Aspects of Cylindrical

« gears in operation, i.e. rotating gearwheel an§€aring CAD Development,Proceedings  of
pinion, with all explaining geometric engage-the Tenth World Congress on The Theory of
ment attributes available: Machines and Mechanism®ulu, Finland, June

« process of tooth cutting by means of a raci0-24, 1999, Vol. 6, pp. 2276-2280.
tool. Change of tool parameters and visualiza3: Goldfarb, VI, A.A. Tkachev, and V.L.
tion of consequent changing geometry ofSobakin. “CAD for the Choice of Shift
a tooth being formed is available. Coefficients in Designing Spur and Helical
The mentioned additional capabilities, whichG€ars,” Proceedings of the International

are not always necessary for gear design in pra&onference “Mechanics in DesignNotting-

tice, may be useful for a designer and especiallj@m. United Kingdom, 1998, pp. 71-78.

for educational purposes due to their possibilitied: ©roman, M.B. “Choice of Correction  of

of visualization. Gears,Vestnik Mashinostroyeniyalo. 2, 1955,
Prospects for further development of thePP- 4=15 (in Russian).

described approach are associated with implemen: Tkachev, A.A. “Research of Some Properties
tation of some more auxiliary lines into the ppcof Blocking Contour Isolines for Selection of
structure. These lines include equal bendingnift Coefficients,” Proceedings of the
strength of a pinion and gearwheel, as well as International Conference “Theory and Practice
number of others. Prospects are also associat8§ Gearing” Izhevsk, Russia, 1998, pp.
with application of the developed methodology of257-263.

DBC construction for other types of gears: internal

cylindrical, straight bevel, Novikov and others.

Conclusion
This paper gives a new approach to comput-

er-aided design of spur and helical gears, based

on implementation of dynamic blocking con-

tours for choosing pinion and gearwheel shift

coefficients in order to easily obtain some prede-

termined properties of a gear without prelimi-

nary calculations and complex optimizing proce-

dures. The developed approach allows prediction

of gear properties at the first stage of design, at

the stage of initial data assignmefit.
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Tooth Flank Corrections of Wide
Face Width Helical Gears that
Account for Shaft Deflections

Shan Chang, Dr. Donald R. Houser, Jonny Harianto

Management Summary
The tooth flank correction of power transmission helical gears with

wide face width is studied using a finite element based shaft deflec-
tion analysis program in conjunction with a numerical load distribu-
tion analysis procedure. The load distributions along the line of
action, the elastic deflections and transmission errors of gear pairs are
obtained by solving the equations of compatibility of displacement
and equilibrium of forces.

This paper discusses the influence of tooth flank corrections (tip
relief, root relief, load modification, end relief and their combina-
tions) on gear stresses and transmission errors due to shaft deflec-
tions. The technique used in the paper has the capability of model-
ing all significant geometric and elastic contributions due to tooth
contact of the pair being analyzed as well as other gears mounted on
the same shafts. The results show that it is possible to optimize at the
design stage the gear micro-geometry for minimum stresses and
transmission errrors without changing the gear macro-geometry.

Nomenclature
2 total elastic deformation of point k on the first body
Woy total elastic deformation of point k on the second body
e, initial separation between the first and second body at point k
RO rigid body approach
Fe force acting on point k
Mo distance of point k from the center line or base radius
T applied torque
[S] N x N matrix of influence coefficients or compliances
{F} N x 1 vector of forces
{i} N X 1 vector of ones
[ N X N identity matrix
{v} N x 1 vector of slack variables
{e} N X 1 vector of initial separations

Introduction

Since 1938, when Walker (Ref. 1) first pointed
out the importance of tooth flank corrections for
spur gears, much work has been done to improve
the load-carrying capacity and reduce the noise of
power transmission gears. Terauchi (Ref. 2)
obtained the tooth modifications (tip relief) based
on the deflection results found using the combined
approach of 3-D elastic theory and a mapping
function. The tooth proportions that mesh on two
teeth pairs can be corrected according to loaded
deformation. Lee and Lin (Refs. 3 & 4) studied
the influence of tooth flank modification and load-
ing conditions on the dynamic tooth load and
stress for high contact ratio spur gears. Maruyama
(Ref. 5) achieved reduced transmission errors for
automobile gears by optimum tooth crowning.
Sigg (Ref. 6) provided a set of rules for profile and
lead modifications required to provide smooth
load distribution to correct for shaft bending and
torsional deflections. Conry and Seireg (Ref. 7)
provided an optimum design procedure for tooth
flank corrections of helical gears. They solved
non-linear contact equations of loaded gear pairs
by a mathematical programming technique and set
load distribution along the contact lines as the
objective function. Other researchers (Refs. 8-9)
also investigated optimum tooth modifications for
spur and helical gears in considering the combina-
tion of various kinds of tooth modification types
and parameters.

The key problem for gear tooth flank modifi-
cation is how to get the precise deflections,
including the loaded tooth elastic deformations
and shaft deflections, and how to get load distri-
bution along the contact lines. This paper’s
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authors have citations to about 200 additiongf
papers on the load distribution of gears, with Shaft Finite Shaft
i proper- element deflection
some of them (Refs. 10-18) giving approaches to ties, g shaft ~ and
evaluate tooth load distribution of wide face bfefrgggs ;?rgzlryasrﬁ cgélftfjli?ecr!\ets Load
width spur and helical gears. ete. > Load distribu-
. . . distribution —ye| . tiON,
Although it is recognized that shaft deflections program Jransmis.
and the loading of another gear on the same shaft seomaty, > etc.
have significant influences on tooth load distribu modfioations
tion, few papers have been published on this topit. misalggment,
Gopinath (Ref. 19) has developed the finite '

element-based shaft deflection analysis proceduregure 1—The relationship of LDP and SHAFT module.
used in this paper. His method was extended by

Merugu (Ref. 20) to predict natural frequencies and * Tooth spacing errors

mode shapes as well as dynamic response due to The analysis procedure is incorporated into a
transmission error or external excitations of com#rogram called the Load Distribution Program SNan Chang

; : : h fellow at
' DP), which can compute the bending and tor-" @ /“*¢7©
plex geared systems having several shafts. Thi$-DP) p g o e Bollor &

shaft analysis procedure is used as a preprocessosign deflections of the gear bodies and support-, .~ .
obtain influence coefficients and deflections due tdnd shafts, assuming the shafts are simple cyliny, 4n5 anq is in charge of
outside loadings. These coefficients and deflectionders supported by two bearings. For more com-s cepartment’s heavy-
are then used in a load distribution solving routing?lex shafts, the shaft analysis module (SHAFT)duty sear design & experi-
similar to that developed by Conry and Seireg (RefiSes a finite element procedure for the calcula/enation- Since 7994 he
7). This routine predicts load distribution, stressedion of influence coefficients and misalignment. as specialized in 30

o . tooth correction for pairs
and transmission error of a gear pair. In the SHAFT module, shafts are modeled as_, .. . .. .

This paper demonstrates these procedures f@am elements with six degrees of freedom at;.,.
optimizing tooth flank corrections to reduce trans-€ach node and gears are modeled in a manner
mission error, root stresses and contact stresses $ilar to shafts with diameter equal to pitch cir- Dr. Donald R. Houser
wide face width helical gears. The importance ofle diameter. Bearings are modeled using a 6xg° c"ector of the Gear

. . . . Dynamics and Gear Noise
ideri i i earing stiffness matrix. Matrix values may be
considering shaft deflections and the deflection® g Y D€ earch Laboratory

due to secondary gear loading will be demonstra@btained from bearing manufacturers or may bec..;.) jocated ot The
ed. The results in this paper show that very signifcomputed using a procedure developed by Limopo state University in
icant improvements can be achieved by carefu®nd Singh (Ref. 21). Columéus, OH. Gearlab is
tooth flank corrections to minimize transmission ~ The effect of a pinion-gear pair is modeled asan inaustrially sponsored
error and stresses under load a set of forces and displacements for computing©°¢2/</? consortium with
’ more than 35 participating

Calculation Procedure the displacements across the face width of anothgompames‘ Houser also is

The load distribution is assumed to be a funcer gear mounted on the same shaft. Only one, ., . orofessor in
tion of elasticity of the gear system and errors ophaft is analyzed at a time. The schematic of thene university’s mechanical
tooth flank corrections on the gear pair_ Below |§HAFT module and its interaction with LDP is engineering department.

a list of factors that the load distribution proce-shown in Figure 1. Although not shown in this /¢ teaches and researches
in the areas of gear design,

dure considers in its calculation. paper, the SHAFT program also may perform a ; .
i ion- forced vibration analysis of multi-shafted trans- gearmanuiacture, mechar-
Elastic deformation: o ) ical measurements, auto-
« Bending and shear deflections of con-Missions such that natural frequencies, mode,; .- oqols system
taCting teeth Shapes and dynamic motions and forces are perynam[CS and machinery
« Base rotation and base translation of dicted for the entire system. vibrations.
contacting teeth Solution of Compatibility and Equilibrium .
9 _ : . Jonny Harianto
« Local contact deflection The relatively complex problem of determin- ° T
) . X . . . . . is @ research ensgineer in
« Bending deflection of gear bodies anding the load dlstnt':)utlon bgtween matlng. 9€8I 1. onio state University s
supporting shafts teeth and the elastic deflection of gear pairs can,.cyspjical engineering

« Flexibility of bearings and housings e solved by setting up compatible equations forcepartment. He holds a

« Torsional deflections of gear bodies ~ displacement and equilibrium of forces for a suf- masters degree in-—

« Buttressing effects at tooth ends ficient number of discrete points representing the/echanical engineering
Errors or modifications (initial separations): ~Contact region along the contact lines. Load distrj-" specializes in searing

systems. Also, he devel-

« Shaft misalignment and shaft runout bution is obtained with the method that is based ON, s and improves gear

« Involute errors or modifications the work of Conry and Seireg (Ref. 7) for elastic 4a/ysis software for
« Lead errors or modifications bodies in contact. A simplex type of algorithm is Geartab.
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Tooth Flank Corrections of Wide

Face Width Helical Gears that
Account for Shaft Deflections
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Figure 2—Shaft arrangement of typical two-stage gearbox.
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Figure 4—Transmission error without tooth flank modification.

used to compute the load distribution and the rigid
body rotation based on the compliance of each
point in the contact zone, the applied load, and the
initial separations under no load, including errors
or tooth flank modifications. The criteria used for
the formulation of the solution are:

1.) Compatibility—This specifies the condi-
tion under which two points may come into con-
tact.

2.) Equilibrium—This states that the sum of
the torques acting on the system is zero.

According to the first criterion, the contribu-
tions due to the initial separations and the elastic
deformation must exceed the rigid body motion
along the line of action, for any discrete pdr
the contact zone. Mathematically, this means:

Wy + Wy + 62RO )

The second criterion may be expressed as:
2 (Feer,)+T=0 @)
k

In Equation 1, the inequality may be convert-
ed into an equation using a slack variable Y(k)
and rewritten as:

W, +W,, +¢g —RO-Y, =0 3

For contact between the bodies, Y(k) = 0 and
consequently F(kx 0. If, however, Y (k) > 0, then
the two bodies are not in contact at the discrete
pointk and F(k) = 0. Introducing the compliance
coefficient matrix, the problem involves the esti-
mation of the values of F(k), Y(k) ar@iusing
Equations 4 and 5.

—[SIF1 +Rel] + [I[Y]-{ &=0 (4
{I} {F}r,+T=0 (5)

Equation 4 expresses the conditions for com-
patibility of displacement at N discrete points and
represents N equations in N+1 unknowns. The
N+1th equation is provided by the equilibrium
condition expressed by Equation 5. Equations 4
and 5 are solved using a modified simplex algo-
rithm (Ref. 7). To obtain the tooth load distribu-
tion along the contact lines (Refs. 22—-23), there
are two places where shaft information is used.
First, the LDP procedure needs the shaft deflec-
tions (due to the effects of another gear mounted
on the same shaft, if any) as one of the compo-
nents of the initial separation. Secondly, the shaft
compliance is added to the compliances for tooth
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Table 1—Gear Details. First Stage Second Stage
Pinion Gear Pinion Gear
Number of teeth 15 63 17 69
Normal module, mm 45 6
Normal pressure angle, deg. 23 23
Helix angle, des. 11 9
Center distance, mm 182.88 9266.7
Outside diameter, mm 82.3 301.5 120.9 436.4
Root diameter, mm 60.45 979.6 92.176 407.4
Face width, mm 152.4 152.4 241.3 241.3
Torque Nm 3,114.4 13,080.5
Bearing radial stiffness, x10% N/m 1.98, 0.86 17 1.75, 2.97
Bearing thrust stiffness, x107 N/m 0.16, 0.16 0.14 0.98, 0.28
Bearing span, mm 530 485 500
Shaft diameter, mm 82 105 150
Distance from face width center to bearing span center, mm 197 127 90 90
bending and shear, base motion, and Hertzian
contact. In this case, the shaft influence coeffi- s Pinion Tensile Stress vs. Mesh Position
cients supplied by the SHAFT program include Mpa
the effects of bearing and housing deflections, a<*%07 s — 900
well as shaft torsion and bending. The analytic 3'100.0 | ‘ g *1
contact analysis can then be carried out for|a - - || 6%
specified micro-geometry at a number of pos|- 50.0* Foa Sea, ' 300

tions of mesh to determine load distribution,
transmission error, contact stresses and rgo
stresses at given torques and misalignments. Th
specified micro-geometry can be tip relief, roo
relief, profile crowning, end relief, face crown-
ing, lead modification, bias modification or topo
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Y
y K
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graphic correction of the flanks.
Analysis Results

Figure 5—Effect of second-stage pinion deflections on the pinion root stresses along the
face width (without tooth modification).

As an example, the load distribution proc
dure using the SHAFT module is used to analyze
a typical two-stage gear reduction gearbox. The
pinion of the second stage is mounted on the
same shaft with the first stage gear, as shown(in
Figure 2. The gear details are given in Table 1,

Figure 3 shows the predicted root stress
(done with a hybrid finite element approach) gt
five positions along the face width of the pinion
Stress traces look quite similar, but the pea
stress seems to be higher for the right side of th
tooth pair.

Influence of Shaft Deflections
on Tooth Contact

To emphasize the importance of making accu
rate assessments of the misalignment caused

dficaiton

Mo
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by
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the gear mounted on the same shaft in the wide

face width helical gear pair, elastic mesh analysiSgure 6—Profile modification for the first stage pinion.
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Tooth Flank Corrections of Wide

Face Width Helical Gears that
Account for Shaft Deflections
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Figure 7—Lead modification for cases A and B.
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Figure 8—Effect of lead angle modification on peak-to-peak transmission error for
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has been carried out for the input gear pair. The
misalignment along this gear pair’'s face width
can result in an uneven load distribution across
the tooth face width.

Using the data in Table 1 to calculate trans-
mission error, load distribution, contact stresses
and root stresses of the input gear pair without any
tooth flank correction, it is noted that:

« Without tooth flank correction, contact
stress is shifted to one side of the tooth and
corner contact peak exists.

« Only about 48% of gear face width carries
load.

* The maximum contact stress increases 3.6
times and the maximum pinion root stress
increases 4.5 times compared with that of
the stresses prior to considering shaft
deflection due to loading of the second
stage pinion (Fig. 5).

¢ Although not shown, the peak-to-peak
transmission error increased significantly
due to the misalignment.

Tooth Flank Corrections

The tooth flank corrections are carried out
only on the first stage pinion. Tip relief and tooth
relief are used to reduce the high contact stresses
that occur at the tooth corners (the entering and
exiting regions). Tip relief is 3@m and the start-
ing modification point is at a roll angle 31.6°.
Root relief is 38um and its starting modification
point is at a roll angle of 19°. The profile modifi-
cation curve is parabolic, as shown in Figure 6.

To discuss the validity of end relief (lead
crown) and lead angle modification on wide face
width gears, calculated examples are given in this
paper. End relief and lead angle modifications are
considered according to the various conditions

Woshown in Table 2. The values used in cases A and
C-E are based on a procedure recommended by
Sigg (Ref. 6). The two types of end relief are
shown in Figure 7. The asymmetry of the Sigg
form is meant to compensate for the large torsion-
al effect of the small diameter pinion of the first
gear pair. All of the calculations used in the simu-
lations in cases A-E include tooth tip relief and
root relief.

The peak-to-peak transmission error (PPTE),
contact stresses, pinion root stresses and load dis-
tribution factor are shown in Figures 8-11 respec-
tively, for cases in which base-line lead crowning
was included and the lead slope was varied in
order to compensate for shaft deflections. In these

Figure 9—Effect of lead angle modification on peak contact stress for two cases of le&zaSes, all shaft deflections are considered. It is

crowning.

interesting to compare the performance of gear
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pairs that have different end reliefs. Figures 8-1
clearly show that both cases A and B achiev
improved results. The asymmetric end relief ca
obtain slightly lower values of PPTE and pinion
root stress, while contact stress and load distriby
tion factor are about the same for the two types qf
end relief.

Based on the results in Figures 8-11, it is
observed that lead angle modifications betwee
220 um and 435um provide the best values of
PPTE, stresses and load distribution factor. Thre
lead angle modifications are chosen as listed ip
Table 2 to optimize the end relief. The results ar¢
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shown in Figures 12-14.

Figure 12 shows that both lead angle modifi-~"°"/"ing:

Figure 10—Effect of lead angle modification on pinion root stress for the two cases of lead

cation and end relief are important for obtaining
the lowest PPTE for wide face helical gears
Comparing Figure 13 with Figure 15, the variai
tion of contact stress with tooth flank correction
parameters is very similar to that of load distribu
tion factor. Figure 14 shows that when lead mod
ification is much less, it is difficult to lower the
root stress by using end relief. From the point of
view of improving the load carrying capacity of
wide-faced helical gears, lead angle modification
is dominant. However, without the combination
of tip relief, root relief and end relief, it is very
difficult to obtain the favorable load distribution
and lower contact stress as shown in Figurg
12-14.

When end relief at the torque input end is 51
pm, lead angle modification is 43@n, and PPTE
gets the lowest value of 0.18n. On the other

]

Load distribution factor
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hand, the lowest load distribution factor of 1.15 is
achieved with different tooth flank correction
parameters, that is, with a 63u5 end relief at
the torque input end and a 3fB lead angle

Figure 11—Effect of lead angle modification on load distribution factor for two cases of
lead crowning.

modification. With the tooth flank corrections
that give the lowest PPTE, the TE and pinion rog
stress distributions of the wide face width gear pa
are calculated and shown in Figures 15-16, respe
tively.

Comparing Figures 3—4 with Figures 15-16, i

is observed that:

» The peak-to-peak transmission error ig
reduced significantly from 28.am to 0.73
pm. The PPTE of this gear pair is very close
to that of a modified set in which shaft deflec-
tions are not considered.

* Load carrying area increases up to 99% of fage
width.

» Without tooth flank correction, the contact
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stress at the corner region is more than 813qggure 12—Effect of amplitude of end relief (Sigg’s Method) on peak-to-peak transmission

MPa, also the maximum contact stress posisrror for three different lead angle corrections.
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Tooth Flank Corrections of Wide

Face Width Helical Gears that
Account for Shaft Deflections

Table 2—End Relief and Lead Angle Modification.

End Relief Lead Angle Modification
Relief: 90 pm at torque input end,
95 pm at free end
Case A Length: 76.2 mm at torque input end,
95.4 mm at free end
Curve: Parabolic curve Variable
Relief: 90 um at torque input end,
90 um at free end,
Case B Length: 51 mm at torque input end,
51 mm at free end
Curve: Parabolic curve Variable
Relief:  Variable
The relief at torque input end is three
times that of free end.
Case C Length: 76.2 mm at torque input end,
95.4 mm at free end
Curve: Parabolic curve 298 um
Relief:  Variable
The relief at torque input end is
three times that of free end.
Case D Length: 76.2 mm at torque input end,
95.4 mm at free end
Curve: Parabolic curve 355 um
Relief:  Variable
The relief at torque input end is
three times that of free end
Case E Length: 76.2 mm at torque input end,
95.4 mm at free end
Curve: Parabolic curve 432um
7,000
6,000 .“.\\
5,000 —— C D * E
& \\\.\H case case case
=
g 4,000 W,
) b
2 3,000 u,
.
S
S 2,000 - "'“H_H e
=
1,000
0
50 100 150 200 250
End relief, um

tion. After tooth flank modification, the con-
tact stress at this position reduces to 490 MPa,
and the contact point that has the maximum
contact stress (2,018 MPa) shifts to the center
region in the tooth face. A bit larger lead cor-
rection could further reduce this maximum
stress and relocate it closer to the center of the
tooth.

¢ Maximum root stresseduces greatly from

961 MPa to 313 MPa, and the root stress
distribution along the face width improves.
Again, a further shifting of the lead correc-
tion could further reduce the peak stress
value.

Conclusions

The use of an elastic mesh model that is cou-
pled with a detailed finite element model of the
supporting shafting has been shown to be a use-
ful tool for improving the geometric design of
gearing. From the results of the above examples,
the following conclusions are made:

1.) Shaft deflections and misalignments
caused by another gear mounted on the same
shaft have a significant effect on load carrying
capacity and performance for wide face gear
pairs.

2.) The optimum tooth flank correction for
helical gears with wide face widths can achieve
a good balance between contact stress, root
stress, peak-to-peak transmission error and load
distribution factor.

The technique described can be applied to
spur and helical gears with wide face widths and
to gear systems with complex shaft arrange-
ments. The method is capable of computing the
influence of another gear mounted on the same
shaft. Properly applied, it can achieve significant
reduction in transmission error and root bending
stress and contact stress by optimizing the gear
micro-geometry at the design stage without
changing the gear macro-geometry.
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Figure 16—Transmission error after tooth flank correction.
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INDUSTRY NEVVS |

Machine Tool Consumption at the
Highest Level Since 2000

Total U.S. Machine Tool Consumption
Through September 2004
(Source: AMTDA)

: 800,000
“Manufacturing
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—Ralph J. Nappi,
AMTDA 300,000
president. 200,000

500,000

100,000

1997 1998 1999 2000 2001 2002 2003 2004

[ Total order value e 3.month moving average = == = = 12-month moving average

The American Machine Tool Distributor’s Association est improvement and surpassed August consumption by
(AMTDA) released a report stating that September’s machine 157%.

tool consumption was up 89.8% from August. Gary Schiffres, membership director for the AMTDA,
According to the association’s press release, this year-to-date credited the upswing to a number of factors.
total of $2,146.95 million is up 42.2% from 2003’s total. “The combination of IMTS, pent-up buying, and a need

“Manufacturing in the U.S. continues to show signs of a  for new equipment account for this news. Also, it’s the end of
strong comeback,” says Ralph J. Nappi, in an AMTDA press the year and many companies have to get machinery off the

release. “Machine tool orders in September hit their highest lev- floor by Dec. 31 for tax incentive purposes,” he says.

els in four years with all the regions in the country showing As far as the outlook for 2005, Schiffres predicts an initial

growth. The re-election of President Bush will further solidify drop, followed by an upswing.

the comfort of manufacturing with continued capital invest- “Personally, I think there will be a dip in the first quarter

ments.” because of all the activity at the end of 2004. However, big
This data comes from a joint report by the AMTDA and the  turnkey products and systems will go regardless, and I think

Association for Manufacturing Technology (AMT). we’ll see an increase of about 15.3% for 2005,” he says.

When broken down by region, the Midwest showed the great-
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I INDUSTRY NEWS

lkona and Magna Advanced Technologies
Partner for Gear Tooth Profile

S [IKONINGERP

lkona Gear International and Magna Advanced
Technologies have jointly introduced a patented gear tech-
nology that utilizes a newly designed, patented tooth pro-
file for use in planetary systems.

Together, Dr. John R. Colbourne, author of Geometry of
Involute Gears, and Laith Nosh, president of lkona Gear,
developed a non-involute system that can be made smaller
and lighter than conventional planetary gears. In applica-
tions with ratios from 8:1 to 5,000:1, the lkona gear has
fewer moving parts and the highest single-stage reduction
ratio with zero backlash, says Nosh.

“lkona’s design is a technological breakthrough—it's a
revolution,” says Colbourne.

“Pinion teeth have convex profiles that are derived
mathematically from a path of contact shaped as in the
Archimedean Spiral. The internal gear teeth are conjugate
to the pinion teeth. The lkona gear pair has high contact
ratio, no tip interference and minimal backlash,”
Colbourne says.

Magna Advanced Technologies is working to develop
the commercial applications for the lkona gear. Since April
2003, Magna has been conducting extensive prototyping
and testing in its Canadian and Austrian facilities. Magna
pinpointed five automotive markets most suitable for the
lkona gear: steering systems, braking systems, closure
systems, seating systems, and microactuators.

Servo gearing seemed to be a fit for the Ikona gear sys-
tem because, according to its developers, this profile is
currently the only form that is completely conjugate with
many teeth in contact, sharing the load. Other types of
servo gearing employ the orbital gear method to achieve
their ratios and stiffness, but often struggle with load shar-

— s Spurand Helical
— i SRR e

| o Toanar Rasl and Pinian
[ 9 1Tapcl NdCK a1 1inotl]

| o AT Q@ AT L - To
A D O YVYUIIMwiHeen

SUDA International Gear Works Ltd.
www.sudaintlgear.com

Head Office: 119-1 Kumaiden Contact: (North America)
Shimizu-cho, Sunto-gun, Shizuoka P.0. Box 4, Pittsford, NY 14534 USA
Japan Fax: +81-55-972-4553 Fax: (585) 385-8537

E-mail: sig-suda@po2.across.or.jp E-mail: Igknndy@att.net

Get your Fellows machines
back in shape

Your single source for Fellows
10-2, 10-4, 20-4 and 20-5 Gear
Shaper Rebuild/Retrofit programs:

e 5-Axis CNC retrofit fully integrates an Electronic
Helical Guide capability

e 4-Axis CNC retrofit helps reduce costly machine
setup times

e Both programs deliver machine in “like new”
condition with 12-month warranty

e Manufacture of highly accurate mechanical
helical shaping guides for Fellows machines
also available!

Gleason

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

Star SU Reaches Sales Agreement
with Hainbuch Welge

Star SU LLC and Hainbuch Welge Corp. of Milwaukee,
WI, have reached an agreement for the sales and distribution
of Hainbuch workholding tools that are used in gear manufac-
turing operations.

According to a joint press release, Star SU will market, sell
and distribute Hainbuch Welge’s chucking, feed finger sys-
tems, and expanding mandrels worldwide. The Hainbuch
product brochures are now downloadable as PDF files from
the Star SU website.

Hainbuch Welge is an 80% holding of Hainbuch GmbH of
Marbach, Germany.

Honda Plans Expansion of Transmission
Facilities in Ohio, Georgia

Honda announced a $100 million plan for construction of a
plant in Tallapoosa, GA, and a plan for the expansion of its
existing Ohio plant that will also total $100 million.

According to the company’s press release, the Ohio expan-
sion will create 100 new jobs to expand Honda Transmission
Mfg. of America and will result in the transfer of production
of high precision gears from Japan to Ohio. As the new
Georgia plant begins operations, Honda Transmission Mfg.
will begin shifting transmission production responsibility
there from the Alabama plant. The Georgia plant, located 40
miles west of Atlanta, will also be a hub for gear production.

Honda currently has an annual production capacity of 1
million automatic transmissions in the U.S.

Genstar Acquires
Colfax Power Transmission Group

Colfax Power Transmission Group was recently acquired
by Genstar Capital L.P., a private equity firm. In a related
move, Colfax PT has merged with Kilian Manufacturing Co.,
another Genstar portfolio company, to form an entity called
Altra Industrial Motion Inc.

According to Genstar’s press release, the combined pur-
chase price for the two companies was approximately $200
million before taxes. Michael Hurt, formerly president of TB
Woods, has been appointed as CEO of Altra Industrial Motion.

Existing management personnel of both companies will
take leadership positions.

Colfax Power Transmission Group is headquartered in
Quincy, MA, and encompasses Boston Gear, Warner Electric
Industrial Products, Nuttall Gear and Delroyd Worm Gear,
Wichita Clutch, Industrial Clutch, Marland Clutch,
Formsprag, Stieber, Warner Electric Europe and Ameridrives
Couplings.
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mG miniGears Officially Opens in China

mG miniGears in Suzhuo, China, is now operating at
full capacity.

According to the company’s press release, the Chinese
operation is solely devoted to mass supplying of powder
metal and machined steel parts to power tool customers.

By early 2005, the company plans to increase produc-
tion volume and begin to assemble products for lawn and
garden equipment.

New Gear Hardening Capability
for Penna Flame

Penna Flame Industries of Zelienople, PA, a surface hard-

ening specialist, now has the capability for induction harden-
ing and single-tooth contour gear hardening.

Boston Gear Wins Military Contract

Boston Gear’s facility in Charlotte, NC, is under contract to
supply gearboxes for the U.S. military operations in Iraq and
throughout the Middle East.

The RA 1022 gearbox line will be mounted on Humvees
deployed in Iraq and in other locations to help the war effort.
According to the company’s press release, Boston Gear was
awarded the contract by O’Gara-Hess & Eisenhardt of
Fairfield, OH, which was hired to equip 350+ Humvees a
month for the war.

Jim Miller, operations manager for Boston Gear, is in
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charge of the gearbox project.

e ®
BurnIShlng “We’re excited and proud to do our part to improve the
safety of U.S. military personnel serving overseas,” he says.
... Irom the Source

Manufacturing Association Elects

Remove nicks, burrs, heat treat scale New Board of Directors
and improve gear tooth surface. The Association for Manufacturing Technology has its elect-
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chairman, Bradley L. Lawton of Star

Cutter was elected second vice chairman

and treasurer. J. Pat-

rick Erwin was elected

secretary.
In addition, Doug
Currie was elected to a

ITW Vertical Burnisher . .

David J. Burns three-year term as a
For additional information on Gear . .

Burnishing and/or Functional Gear board member, and Richard Bodine Jr.,

Inspection, visit our website at: Robert T. Smith and Lawton were all re-
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elected. Bradley L. Lawton
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AT Rossi Motoriduttori, a manufacturer of geared motors and

gear drives located in Modena, Italy, has formed a cooperative
partnership with Habasit, a Reinach, Switzerland-based belting
company.
. According to the
company’s press re-
lease, the board of
directors will include
various members of
the Greco, Habegger
and Volpi families.

David de Palma will
be general manager of the North American facility in West
Chicago.
GROUND GEARS - Ten or Ten Thousand Philadelphia Gear Hires Canadian Rep
For small to medium quantities of spurs or helicals that have to Gaetan Perron was hired as the sales representative for

meet close-tolerance AGMA or DIN specs, our Reishauer grinders

and M&M gear analysis systems are the perfect combination. established Philadelphia Gear customers in Canada and for

For Long runs, we offer the unique Liebherr CBN grinding prospects in eastern Ontario, Quebec and the Maritimes.
process with full SPC quality control and documentation. Perron’s specific responsibilities include selling in gas-fired
So whether your needs are for ten or tens of thousands, we d hvdroelectri 1 he vipeline ind

invite you to join the growing list of INSCO customers who rely on and hydroelectric power plants, the pipeline industry, petro-

us for consistent quality, reasonable costs, and reliable delivery. chemical sector, hydrocarbon processing plants and wind

(bbbl PHONE: 978-448-6368 power generation industries in areas from Cobourg, Ontario,
--E’F FAX: 978-448-5155 through St. John’s, Newfoundland.

WEB: inscocorp.com Most recently, Perron worked as a sales representative for

",sco 412 Main Street, Groton, Massachusetts 01450 Omega Machine Shop, developing customers in western

sy Quebec and eastern Ontario. He has also held field rep. posi-

tions with PYG Equipment and Castle Metals.
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Vermont Machine Tools Achieves Retrofit
Certification

Vermont Machine Tools announced its certification in GE
Fanuc’s Five Star Machine Tool Retrofit program.

The certification guarantees a retrofit provider’s technical
and project management capabilities, matches retrofit projects
with qualified best-in-class providers and helps to ensure that
machine tool users can maximize the productivity of existing
equipment retrofits.

Vermont Machine Tool delivers CNC retrofits and remanu-
factured machine tools.

Niagara Gear Adds Gleason TWG to its Line

Niagara Gear has purchased the Gleason 245TWG high
speed threaded wheel grinder.

According to its press release, the company hopes this new
machine will reduce process-related deviations and subsequent
heat treat distortion with a hard finishing solution.

The 245TWG enables hard finishing using metal removal
rates. It can also improve tooth profiles by eliminating undu-
lated form error by utilizing the latest drive technology.

In addition, this equipment incorporates form grinding
methods and components into a water-cooled base. Thermal
compensation via sensors throughout the process facilitates
accuracy and parts consistency.

Niagara Gear also recently acquired the Reishauer RZ300E
precision gear grinder, which can grind gear segments, gears
with intermittent teeth and pump gears with few teeth.

New Fac|I|ty, Markets for Kleiss Gears

Kleiss Gears has traded in its 3,000-square-foot facility in
Centerville, MN, for a 14,000-square-foot building in
Grantsburg, WL

According to president Rod Kleiss, the plan is to add both
staff and new capabilities for gear molding.

The company plans to develop more automated production
capabilities as well. Currently, the company designs and pro-
totypes gears with the aim of eventually getting into gear pro-
duction work.

“We’re also playing with some pretty remarkable materi-
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als,” Kleiss says. “We’re using PEEK (polyetherether ketone),
which can replace lighter duty metal gears. You can never real-
ly replace metal when it’s fully recognized, but you can modify
gear shapes. We’re continuing to evolve in the field of plastic
gearing, t0o.”

Hamilton Sundstrand Awarded Contract
for Trent 1000 Engine

The Rolls-Royce Co. selected Hamilton Sundstrand to design
and manufacture the gearbox system for the Trent 1000 engine
that is being developed by The Boeing Co.

Hamilton Sundstrand’s press release estimated that, over the
lifetime of the engine program, the work is potentially worth
more than $350 million to the company.

The environmental control system, electric power generation
and start system, remote power distribution system, auxiliary
power unit, primary power distribution system, nitrogen gener-
ation system, emergency power and electric pump subsystems
are all among the components Hamilton Sundstrand is supply-
ing.

This is the second time in 2004 that Hamilton Sundstrand and
Boeing will work together on 7E7-related projects. The first
time, Boeing selected Hamilton Sundstrand for eight aircraft
systems on the 7E7 Dreamliner.

Promotions at American Axle & Manufacturing

American Axle & Manufacturing of Detroit, MI, has made
numerous appointments at its executive level.

Yogendra N. Rahangdale was named chairman of the operat-
ing committee. According to the compa-

: )
E trul\f global
_.thre areas of its

d States, Far ; . . .
ny’s press release, he will supervise vice

presidents of the driveline and metal
products division, the program manage-
ment and launch divisions, quality assur-
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) ecision transmission com-

' -i produced with consistently
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achining hl'ghly innovative powder
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ance and customer satisfaction initatives,

jJice P Ssses. materials management and logistics, as
- °f h'.ghl\‘l otivated and qualified indi- well as the directors of industrial engi-
als, nized for their competence, account- Yogendra N. Rahangdale

neering and productivity, and capital and
capacity planning.

Thomas O. Delanoy was appointed to
the position of vice president of quality
assurance and management. Previously,

Y, ovation capability and responsiveness
customers' needs, have established miniGears
he reliable partner in gear calculation, en-

cering design and development, testing and
p%ductlon of gears and complete kinematic mech-

. | he was the company’s executive director

ISO/TS 16949:2002 certified
MG miniGears North America

of material and production control.

John Sofia was named vice president of

2505 International Pa rkway John Sofia quality assurance and customer satisfac-
Virginia Beach, VA 23452 U.S.A. tion.
h.: (757 233-7000 Charles B. Comeau was appointed general manager of U.S.
fax: (757; 627-0944 operations at the driveline division.
e-mail: mg_usa@minigears.com Other promotions include: Kenneth Koncilja to the position
internet: www.minigea rs.com of executive director of internal audits, Gerald Costner to pro-

duction control and materials management, Michael Dorah to
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director of global supply base management, Dr. Robert Karban
Jr. to director of advanced quality planning, Donald L. Joseph as
plant manager of Detroit Gear & Axle, and Lawrence Oliver as
plant manager at Three Rivers Driveline.

Getrag Announces Plans for Slovakian Plant

The Getrag corporate group affiliates Getrag Getriebe- und
Zahnradfabrik Hermann Hagenmeyer GmbH & Cie KG, head-
quartered in Untergruppenbach, Germany, and Getrag Ford
Transmissions GmbH of Cologne, Germany, will establish a
joint manufacturing site in the Kosice region in eastern Slovakia.

Getrag Ford will build a transmission plant at this site. Getrag
GmbH & Cie KG will relocate its motorbike facilities to this
location.

According to the company’s press release, overall investment
will total $300 million and employ 750 people.

GE Energy Announces $1.3 Billion in
Wind Turbine Projects

GE Energy announced that it has secured contracts and order
projections for wind turbine projects in 2004—-2005 that are val-
ued at more than $1.3 billion.

In the company’s press release, GE Energy’s wind energy
division CEO Steve Zwolinski says, “The federal government’s
recent extension of the renewable energy production tax credit
has, again, provided a tremendous impetus for the wind industry
in the U.S.”

The tax credit provides $0.018 per kilowatt hour credit for
electricity produced during the first 20 years of a wind project’s
operation and will remain in place through December 2005.

GE’s new contracts include projects throughout the U.S. that
utilize the company’s 1.5-megawatt wind turbines.

In addition to the U.S. projects, GE Energy announced in
October its contract to supply 660 wind turbines for eight proj-
ects in Quebec.

Regal Beloit Acquires GE Motor and
Capacitator Operations

Regal Beloit Corp. announced a definitive agreement with
GE Consumer and Industrial for its HVAC/refrigeration motor
and capacitator operations.

According to the company’s press release, the $379 million
transaction includes a full line of motors for HVAC refrigeration
operations and high intensity lighting operations.

HVAC operations are currently based in Fort Wayne, IN, and
are included in the sale as are motor manufacturing operations in
Springfield, MI, Reynosa, Mexico, and Faridibad, India; a
capacitor manufacturing facility in Juaraxc, Mexico; and a call
center in India.

As a result of this transaction, Regal Beloit expects an addi-
tional $520 million in sales.
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Headquartered in Beloit, WI, Regal Beloit manufactures
mechanical and electrical motion control and power genera-
tion products.

Danfoss CEO Wins National Leadership Awards

Jgrgen M. Clausen was named
“Leader of the Year” by the Danish
Association of Managers and Execu-
tives at Denmark’s largest management
conference.

The presentation was attended by
more than 800 private and public lead-
Jorgen M. Clausen ers throughout Denmark.

In October, Clausen was awarded the
Order of Merit for the German Federal Republic by the
ambassador of the German Federal Republic in Denmark.

Mahr Partners with OKM Jena

Mahr Goettingen has recently acquired 56% of Optische
Koordinatemesstechnik Jena (OKM).

According to Mahr’s press release, this partnership will
increase their market share for 1-D length measurement
machines by 25%. Both companies manufacture the 1-D
length measurement machine. New capacities will include
horizontal length measurements and optical measurement of
tools.

OKM Jena is a manufacturer of the ULM optical coordi-
nate measurement machine, which can supplement Mahr’s
multisensor program.

Holger Hage, Petra Bogdanski and Karl Joachim-Bode will
jointly manage the new operation.

Send Your News to:

Robin Wright, Assistant Editor
Gear Technology

P.0. Box 1426

Elk Grove Village, IL 60007 USA
Phone: (847) 437-6604

Fax: (847) 437-6618

E-mail: robin@geartechnology.com

50 JANUARY/FEBRUARY 2005 « GEAR TECHNOLOGY » www.geartechnology.com ® www.powertransmission.com


http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.overtongear.com
mailto:robin@geartechnology.com
http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.geartechnology.com
http://www.geartechnology.com/cgi-bin/pa/gtredirect.cgi?http://www.powertransmission.com

N,  EVENITS

Boeing Metallurgist Calls for Vacuum
Carburizing Standard

Gear manufacturers and heat
treaters: If you can vacuum car-
burize, you may be missing out
on business opportunities be-
cause you lack an industry spec-
ification for this heat treatment.
There are companies that design
gears suitable for vacuum car-
burizing, but they may not use
the process on their parts
because they don’t have a way
to assure reliable quality.

An industry specification would pro-
vide a way. It would establish procedures
for proving companies’ vacuum carburiz-
ing processes are capable of carburizing
gears uniformly, so customers could rely
on the quality of those gears. Such confi-
dence would promote wider use of the
heat treatment.

This is the situation that was suggest-
ed Nov. 4 by The Boeing Co.’s Dale
Weires in his keynote address, “Potential
Applications of Low Pressure Vacuum
Carburizing for the Rotorcraft Industry.”
Weires, a Boeing associate technical fel-
low for metallurgy, was speaking to sup-
pliers and users of vacuum carburizing
equipment at
Applications of Vacuum Carburizing,”
held in Chicago, IL. The conference

“Practical Uses and

included more than 70 attendees.
In his speech, Weires described the

"We need to look at some standardization
of our methods,” said Dale Weires, a met-
allurgist for The Boeing Co., about vacuum
carburizing.

opportunity presented by Boeing’s
Chinook helicopter. The CH-47D is the
primary product, the biggest volume
product, in Weires’ division, Boeing
Philadelphia. The Chinook drive system
includes 70+ major parts that are atmos-
phere carburized, but are suitable for
vacuum carburizing. The parts include 10
bevel gears and 19 spur gears.

“Gears are an integral part of this
drive system,” Weires said.

Moreover, Boeing knows it could
benefit from vacuum carburizing. The
aerospace company
process in the ’90s, Weires said, and
learned it could reduce cycle times for
heat treating the Chinook drive parts.

The times weren’t sufficient reason to

evaluated the

start vacuum carburizing the parts.
Boeing could rely on the quality of its
atmosphere carburized parts, Weires later
said, and switching to vacuum carburiz-
ing wouldn’t have reduced the compa-
ny’s costs.

Weires’ example pointed up a main
problem that vacuum carburizing faces:
It can be difficult to displace a success-
ful, standardized process when the alter-
native is not similarly standardized. In
the past, the lack of an industry specifi-
cation has often restricted the use of vac-
uum carburizing to captive or specialized
heat treat shops, Weires said, so:

e Each shop’s furnaces were unique
and depended on their heat treaters’
knowledge of vacuum carburizing.

* The companies viewed their process
knowledge as proprietary, so they
limited their sharing of it.

* The number of knowledgeable vacu-
um carburizers was very limited.

e The availability of vacuum carburiz-
ing was limited.

Given these circumstances, it’s easy
to imagine that companies would view
consistent quality as a hit-or-miss propo-
sition. Weires, however, offered a way to
spread the use of vacuum carburizing:
“We need to look at some standardization
in our methods.”

In his opinion, standardization could
be accomplished through a new industry
specification. Weires acknowledged that
AMS standard 2759/7 addressed carbu-
rizing, but it didn’t distinguish between
its two types: atmosphere and vacuum
(low pressure).
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“I see nothing out there that I can push
a gear manufacturer to use,” he said.

According to Weires, the specification
would need to include:

* a method for qualifying vacuum car-

burizing furnaces,

e definitions for the elements of a

process “recipe,”

e definitions of process changes and

significant repairs, and

* more frequent quality control

checks.

The specification, Weires said, would
give companies an important ability.
They would be able to tell suppliers of
their drive parts: Use this specification.

To create and publish a specification,
though, companies would have to share
what they know about vacuum carburiz-
ing. Sharing could include publication of
information in trade journals, Weires
said. The information would have to doc-
ument vacuum carburizing’s benefits in

process cost and quality and its reduced
maintenance costs, he added.

Weires also remarked that publishing
information would help vacuum carbu-
rizing become more widely accepted and
used: “Published data spurs interest.”

The conference was sponsored by
Heat an ASM
International affiliate, and was held at the
Illinois Institute of Technology, home to
the Thermal Processing Technology

Treating  Society,

Center, a consortium that includes nine
member companies, such as Dana Corp.

Other speakers were:

e Frederick Otto, president of
Midwest Thermal Vac;

e Dan McCurdy, director of North
American business development for
Bodycote Thermal Processing;

* Dennis Beauchesne, general manag-
er of ECM-USA Inc.;

¢ William R. Jones, CEO of Solar
Atmospheres Inc.;

aitodeck

March 7-10—National Manufacturing Week.

McCormick Place, Chicago, IL. Broken into ten segments: Aluminum,

CleanTech, Design Engineering, Enterprise IT, EnviroTech,

Industrial

Automation, Legal Issues, Management & Manufacturing, Micro Systems,
and Plant Engineering and Facilities Management. Registration before Feb.
4 ranges from $75-$595, depending on the level of conference participation.
Registration after Feb. 4 is listed from $95-$695. For more information, visit

www.nationalmanufacturingweek.com.

e Gerald D. Lindell, corporate engi-
neering metals specialist with Twin
Disc Inc.;

» Steve Ellison, president of North
American Cronite Inc.;

e Tony Wu, president of ALD
Thermal Treatment Inc.;

e Thomas Wingens, vacuum product
manager of Ipsen International Inc.;

e Janusz Kowalewski, HPQ group
leader of SECO/Warwick Corp.; and

* Ralph P. Poor, director of standard
heat treat products with Surface
Combustion Inc.

TECHNICAL CALENDAR

February 2-3—Smart Solutions for Metal
Cutting Conference.

Dorint Sofitel Quellenhof, Aachen,
Germany. Held in both German and
English, this conference will focus on the
most recent developments in powder
metallurgy. International manufacturers
of HSS/HSS-PM and cutting tools will pro-
vide their views on the latest technology.
495 euros includes conference docu-
ments, snacks, lunches and an evening
festivity. For more information, contact
WZL-RWTH Aachen by e-mail at
k.marso@wzl.rwth-aachen.de or on the
Internet at www.aachen-tourist.de.

February 7-10—Gear School 2005.
Gleason Cutting Tools facility, Rockford,
IL. This fundamentals course covers cut-
ting, gear inspection, gear geometry,
nomenclature and inspection. $895
includes handbook and materials, lunch-
es and a group dinner. For more informa-
tion, contact Gleason Cutting Tools at
(815) 877-8900 or on the Internet at
www.gleason.com.

February 22-24—Expo Manufactura.
Cintermaz Expo Center, Monterrey,
Mexico. Mexico's largest machine tool
and metalworking exposition. Sponsored
by AMT, registration is free. For more
information, visit the show's website at
www.expomanufactura.com.mx.
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I EVENTS

March 14-16—AGMA Gear School for
Gear Manufacturing Technology.

Star SU LLC, Hoffman Estates, IL.
Presented by the Gear Consulting Group,
this three-day course concentrates on a
logical approach to troubleshooting the
gear manufacturing process, concentrat-
ing on hobbing, shaping and inspection
procedures and the relationships
between the process, inspection results
and the underlying gear geometry.
Suitable for all grades of personnel from
machine operators to engineering and
management staff. For more information,
contact the Gear Consulting Group by mail
at P.0. Box 647, Richland, MI, 49083, by
telephone at (269) 623-4993 or by e-mail at
gearconsulting@aol.com.

March 17-19—Schleifring Grinding
School.

ExpoCenter, Thun, Switzerland. Technol-
ogy presentations involving 25 grinding
machines will be offered as well as lec-
tures that will be translated into four lan-
guages. For more information, contact
United Grinding Technologies by tele-
phone at (937) 859-1975.

SAVE THE DATE

September 14-16—3rd International
Conference on Gears. Munich, Germany.
Co-sponsored by the AGMA, ASSIOT,
CMES, FVA, JSME, KIVI-NIRIA, UNITRAM
and VDMA.

CALL FOR PAPERS

2005 AGMA Fall Technical Meeting—
Abstracts due Jan. 7 at AGMA headquar-
ters on the following topics—Noise/vibra-
tions; heat treatment (including distortion
control); tribology; load distribution; cal-
culations; lubrication; dynamics; effect of
finish, grinding or profile modification on
surface durability; applications; micropit-
ting or failure analysis case studies. Send
a page-long abstract to Amy Lane by
e-mail at lane@agma.org.
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SEND US YOUR NEWS

If you have news about your gear industry-related company,
we'd like to hear from you. Your news will have the chance
of appearing in Gear Technology magazine, Gear Product
News magazine and on our websites,
www.geartechnology.com, www.powertransmission.com
and www.gearproductnews.com.

www.geartechnoelogy.com

FEATURES 5|¥ITS 2004

'.THE GEAR INDUSTR_Y_ S INFORMATION SOURCE
ANy
R

TAKE ADVANTAGE OF FREE PUBLICITY

¢ Product Announcements — Have you released a new
product that the gear industry might be interested in?
We'll tell the world for you.

¢ Industry News — We'll help you spread the news about
your company's recent new hires, promotions, plant
expansions, IS0 accreditations, mergers, acquisitions,
new product lines, distribution arrangements, expanded
capacities and so on.

e Events — If you're holding an event that's applicable to
gear industry people, we'll let them know in advance.

CONTACT:
Robin Wright, Assistant Editor
Gear Technology
1425 Lunt Avenue

Elk Grove Village, IL 60007 USA
Phone: (847) 437-6604
Fax: (847) 437-6618
E-mail: robin@geartechnology.com

DO YOU HAVE AN IDEA FOR A FEATURE ARTICLE?
Call Randy Stott, Managing Editor, at (847) 437-6604 or send
e-mail to wrs@geartechnology.com.
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CLASSIFIEDS

SERVICE

Broaching Requirements?

* Eight standard lines of
new broaching equipment

* New and remanufactured

turnkey broaching systems
= Hydraulic and electro-

mechanical drive available

ROACHING 25180 Seeley Road
ACHINE Novi, MI 48375-2044

Phone: (248) 471-4500
[E) PECIALTIES fax: (248) 471-0745

CONTRACT METROLOGY SERVICGES

CURVIC COUPLING GRINDING
& INSPECTION

BEVEL & CYLINDRICAL
DEVELOPMENTS & PROTOTYPES

APPLICATION ENGINEERING
SUPPORT & DESIGN SERVICES

HEAT TREATMENT
REPLACEMENT HELICAL GUIDES FOR

SHAPERS, INCLUDING FELLOWS

SPECIALIZED GEAR SERVICES
The Gleason Works

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

www.gleason.com

Allen Adams

Shaper Services

Servicing Fellows Gear Shapers

On Site Service
Technical Support
Parts
Hydrostatic Guides
Retrofits
Training
Preventive Maintenance Plans
All former Fellows Employees

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

e BROAGH SHARPENING

e HOB SHARPENING
SHAVING GUTTER GRINDING
THIN FILM GOATING
CUSTOM HEAT TREAT SERVIGE

REPLACEMENT HELICAL GUIDES
FOR SHAPERS, INCLUDING FELLOWS

PICK UP AND DELIVERY IN MANY AREAS

Gleason Cutting Tools
CORPORATION
1351 Windsor Road
Loves Park, IL61111 U.S.A.
Phone: 815/877-8900
Fax: 815/877-0264

E-mail: gctc@gleason.com

www.gleason.com

Rates—Line Classified: 1" minimum, $325. Additional lines $45 per line (8 lines per inch). Display

Classified: 3" minimum: 1X—$540, 3X—$495 per insertion, 6X—3$450 per insertion. Additional per
inch: 1X—$255, 3X—$235 per insertion, 6X—$225 per insertion. Color Classified: Add $135 per

insertion for color. Gear Technology will set type to advertiser’s layout or design a classified ad at no

extra charge. Payment: Full payment must accompany classified ads. Send check drawn in U.S.

funds on a U.S. bank or Visa/MasterCard number and expiration date to Gear Technology, P.O. Box

1426, Elk Grove Village, IL 60009. Agency Commission: No agency commission on classified ads.

Materials Deadline: Ads must be received by the 15th of the month, two months prior to publica-

tion. Acceptance: Publisher reserves the right to accept or reject advertisements at his discretion.

SERVICE

Sharpening Service

for hobs, milling cutters
shaper cutters, shaving cutters.

' 4
lar

%@@LD STAR COATINGS

5200 Prairie Stone Parkway, Suite 100
Hoffman Estates, IL 60192
Tel.: (847) 649 -1450 - Fax: (847) 649-0112

2083 W.M-55, West Branch, MI 48661
1-888-Resharp  1-888-737-4277
Tel.: (989) 345 -2865 - Fax: (989) 345-5660

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

sales@star-su.com www.star-su.com

GEAR MFG.

WHEN IT HAS TO BE RIGHT

® Gear Grinding to 94"

¢ Industrial Gears to 250"

* Turbo Compressor Gears
¢ Custom Drives

¢ Spline Broaching

® Gear Metrology

* Stock Planetary Speed Reducers

GEARBOX REPAIR

| Custom Gear Services Since 1946 |

THE
GEAR
WORKS

1S0-9001
www.thegearworks.com

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

Phone: (206) 762-3333
Fax: (206) 762-3704
E-mail: sales@thegearworks.com

PRECISION GROUND
SPUR-HELICAL-GEARS-
SPLINES-WORMS-WORM
GEARS-GROUND RACKS-
PROTOTYPE OR PRODUCTION
MAKE COMPLETE OR
OPERATIONAL INCLUDING
GEAR BOXES & ASSEMBLY-
GEAR PUMPS-AEROSPACE-
MILITARY-COMMERCIAL-
HOBBING-SHAPING-TURNING
JIG GRINDING-COMPLETE
GRINDING FACILITIES
NITAL ETCH-MAGNAFLUX

N Sc»(warf: g«:ioian g«:r Co.

24649 Mound Road, Warren, Ml 48091
Phone (586) 754-4600
Fax (586) 754-4603
Email spgear@ameritech.net

PRECISION CUT AND GROUND GEARS
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HEAT TREATING WEBSITES HELP WANTED

Induction Hardening

Specialists in Tooth by Tooth Contour
Hardening of Internal
Spur, helical and bevel gears
Our gear hardening equipment includes 5
NATCO submerged process machines and 5
AJAX CNC-controlled gear scanning
machines. Tooth by tooth gear hardening
from .5DP-10DP, up to 15 tons, 200" diameter.

Breakdown
Service
Available

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

GLEASON CORPORATION

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

www.gleason.com

eldec

We Use Med. & High Frequency
Simultaneous Dual Frequency
Induction Hardened

Aircraft Gear )

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

Induction, USA, Inc.

mail@eldec-usa.com

248-364-4750 www.eldec.de

COTT

ATING

H&S has a 30,000 square foot Heat Treat Facility,
with Metallurgical Lab and over 25 years experience ready
to serve your large part heat treating needs.

TREATMENTS

(Minimum Order Weight)
Carburizing - 500 Ibs.
0.080"- 0.250” effective case
depths
Quench & Temper - 500 Ibs.
Annealing - 500 Ibs.
Normalizing - 500 Ibs.
Stress Relieving - 1,000 Ibs.

EQUIPMENT
180" Deep x 75” Diameter — Deep Pit Furnaces
Large Batch Quench & Temper Furnace
60” Deep x 48” Diameter - Pit Atmosphere Furnaces
Car Bottom Stress Relieving Furnaces

Contact: Horsburgh & Scott Heat Treat Department
Phone: 216-432-3784 « Fax: 216-432-5861 + Email: heattreat@horsburgh-scott.com

HORSBURGH2SCOTT |

5114 Hamilton Avenue, Cleveland, OH 44114-3985 + Phone: 216-431-3900 « Fax: 216-432-5850 « Tol Free: 8887723900
web hitp:/wwi horsburgh-scott.com

GLEASON CUTTING TOOLS
CORPORATION

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

sharpening and reconditioning services.

www.gleason.com

Wy

Continuous Tnprovement with
The NEW Millinn Dellar Babiyl

Wedvomie fo the
Gear Motions Network
Nixon Gear Oliver Gear  Rawling Gear

Eoar Sans sk 8 tha dtare
S e sotien of e AF9n gear

GEAR MOTIONS, INC.

www.gearmotions.com

Process Engineer needed to sup-
port gear grinding machine
installations. Successful candi-
date must be familiar with gear
manufacturing and gear grinding
and be able to read and interpret
gear inspection charts. Job
duties include training operators,
establishing and optimizing
processes and CNC programs
and troubleshooting. Engineering
degree or equivalent experience
required. Must be open to exten-
sive travel and/or relocation.
Please fax resume including
salary history to 303-447-1131.

COTTA

TRANSMISSION COMPANY, LLC

Cotta Transmission Company, LLC, a
50-person company located in Beloit
Wisconsin, is seeking to fill two full-
time positions. We offer competitive
wages and generous benefits,
including health, dental, life, short-
term disability, and long-term dis-
ability insurance, paid vacations, 12
paid holidays and a 401k plan.

Design Engineer

The qualified candidate must pos-
sess a 4-year technical degree, have
3 or more years’ experience in
designing heavy machinery with
preferred gear product design and
have formal CAD training at a 3-D
level along with drafting experience.
Knowledge of hydraulic clutches and
Pro/E software preferable.

Sales Representative/Engineer

Responsibilities will include new
customer development and existing
customer maintenance and growth.
A minimum of 50% travel is required
within the United States, possibly
expanding into some international
travel. Experience in gearbox appli-
cation and sales are required. A four-
year technical degree is a plus.

You may apply in person at

1301 Prince Hall Drive, Beloit, WI.
Fax resumes to 1-608-368-5624,
Attention Bernice York.
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ADDENDUM

The Addendum team has seen the future of run-
ning, and it’s geared. adidas-Salomon AG has come
out with a running shoe that has gears in it, a whole
train of them.

Unfortunately, they aren’t gears that you shift GEAR

into. If they were, the Addendum team would be ecstatic. Imagine: lacing up your sneakers, putting them in third gear, and going

for a good, long jog—just carried along by your mechanized feet.

Geared though they are, adidas 1s aren’t Fiats for your feet. But these sneaks are geeked, and the Addendum team found out
how from adidas.

The geeking starts in the heel of an adidas 1. Each heel has a specially designed plastic cushion with a sensor on the top and a
magnet on the bottom. During each footfall, the cushion is compressed, and the sensor measures the distance between itself and
the magnet based on changes in magnetic flux density. So far, the electrical engineering: fairly cool.

The geeking continues in the mid-sole. The distance measures are sent to a tiny computer. It figures whether cushioning is
~ too hard or too soft. If it’s too hard, the heel cushion needs softening.
If it’s too soft, it needs hardening. In either case, the computer
sends a signal to the shoe’s motor. This computer engineering:
also fairly cool.

Things get cooler, though, when we get to the mechanical
, engineering. Also in the mid-sole is a lead screw connected to
), a D (7] ﬂ [ ) TP a cable that runs through the cushion. If the screw is extend-

b . ‘. ed, the cushion is hardened. If the screw is contracted, the

F cushion becomes softer.
/) And, at last, there’s the really cool mechanical engineer-

®@ ing. Between the motor and lead screw, at the heart of the sys-
" tem, is a gear train of white, plastic spur gears. The gears are
even on display. Turning over an adidas 1, we can see the spurs
through a small window in the sole. It’s like looking at a master-
piece through a rubberized picture frame. As cool as adidas shoes
are, they’re even cooler with gears in "em.

Now, with all this machinery, no one should be surprised the adi-
das 1 is a high-end sneak. Still the Addendum team was surprised at
how high-end. We’ve paid as much as $130 for a pair of basketball
shoes. That was nothing. $130 would buy an adidas 1, but not a pair
. of em. These sneaks will retail for $250 a pair. Only serious runners

should even try on these shoes.
The Addendum team is holding out for the ultimate running shoe,
| though. The shoe may not come for many years, but the adidas 1 is a
' | first step in the right direction. It has gears and has to be turned on, so
we think it’s only a matter of time before the shoe company comes out
with Fiats for the feet, fully mechanized running shoes.
Imagine: shoes that run for us, taking the effort out of exer-
cise. We can hardly wait, sitting here on our couch. And once we get
those shoes, we’ll get doctors to get rid of the sweat thing. We’re not keen on that,

either. £}
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Tell Us What You Think . . .
Send e-mail to wrs@geartechnology.comto
* Rate this article

¢ Make a suggestion

Or call (847) 437-6604 to talk to one of our editors!
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Reach for the Stars...
) 2 BEEES nd get there with

A .1 i Forest City Gear!
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NEW: ......... Gear & Thread Grinding Including Internal Gear Grinding Beloit Daily News
......... CNC Guideless Helical Shaping With Face Gear Attachment and Taper Cutting
Single Flank and Acoustical Inspection

* CNC Crown hobbing for noise reduction and misalignment compensation.

e CNC Hard Hobbing with carbide hobs after heat treat
as a substitute for gear grinding. TJ‘ C
e Precision analytical gear inspection and double flank roll testing 6“
for composite errors with statistical evaluation. f

* Hobbing 2 tooth & greater helical pinions. 0 “

¢ Special forms, high helix worms and camshafts. F RE T ITY

e CNC Hob sharpening. o S c GE R

11715 Main Street wewes 4G5 ¢ ' 2008

Association

P.0. Box 80 * Roscoe, lllinois 61073-0080

Toll Free 866-623-2168 « 815-623-2168 * Fax 815-623-6620 @‘

www.fcgear.com e 1SO 9001:2000 REGISTERED
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We're
all about

Choose from a comprehensive line of gear cutting
tools — including patented solutions you will find only
at Star SU.

- HSS and carbide hobs, fEllous shaper cutters

- Milling cutters, rack and saw cutters

- Shaving cutters

- Profile grinding wheels

- Master gears

- Chamfering and deburring tools (incl. sprocket wheels)
- Gun drills and reamers

Creative and proven designs, excellent base materi-
als, custom-made production machines and certified
processes are bound together to form a final product
of superior quality.

To maintain the level of quality and to meet your
requirements, we offer tool regrinding services for
hobs, shaper cutters, milling cutters, shaving cutters
and master gears in our Service Centers in the US
and all over the world.

Not only are we experts in gear cutting tool applica-
tions but we also offer a complete range of gear
roughing and finishing machines for various applica-
tions including a variety of brands like Bourn &
Koch/Fellows shaping technology as well as
Samputensili and Star machine technology.

Visit our website to
download our complete
program of products and
find out the match for your
particular need.

Contact us today. We're
closer than you may think.

4
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Star SU LLC

5200 Prairie Stone Parkway
Suite 100

Hoffman Estates, IL 60192
Tel.: (847) 649-1450

Fax: (847) 649-0112
sales@star-su.com
www.star-su.com

GT 0803
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