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Cut the cost of
your bevel gears

down to size.

Hard finish in
high volumes.

Take hobbing
to a higher

level.

215HC PHOENIX 11 Bevel Gear Cutting Machine 245TWG High Speed Threaded Wheel Grinder 125GH Vertical Hobbing Machine



The be t gearmaker today k p pace with the teady
acceleration of change only by inve ting in new technologie
that make a quantum leap forward in gear-making productivi-
ty, quality and co t.

The earch for these improvement lead mo t global leader
to Gleason. ew Glea on technologie , product, ervice and
location are expanding at a rate never bef r een in ur 137
year history.

You can see many of these new development up clo e and in
action at lMTS '02. Machine like the PHO NlX-II, to cut
bevel gears faster and completely dry if needed ...

...Or the new 245TWG High Speed Threaded Wheel Grinder.
For the first time, hard fini hing in high volum i an
economic alternative to having .

...Or the new GMX 275 Gleason Mahr Gear In pection
Machine, the late tin ingle setup complete gear mea uring.

And did we mention tooling? With the additi n of th latest
CB grinding wheels and an expanded shaper cutter line,
no one has more to offer.

The world's in motion. Shouldn't you be?

lea 0
1000 University Ave., P.O. Box 22970

Roche ter, Y 14692-2970 U.S.A.
Phone: 585/473-1000 Fax: 585/461-4348

Web ite: www.glcason.com E-mail: saI@glcason.com

Everything from hobs,
shapers, to shaver, ,

bevel blade to
CBNwheel.

Dedicated to gear
inspection- all types,

every feature.Big hobber, big
performance.

http://www.glcason.com
mailto:saI@glcason.com
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Our S 400 GT Gear Grinding Machine
is flexible and easy to use. It allows
you to employ or even combine
different grinding technologies like
profile grinding, continuous generating
grinding, shave grinding (external
honing) to find the most efficient way
to grind your gear, worm or rotor.

Fully equipped with today's standard,
like linear motor technology and eNe,

the S 400 GT allows for the adaptation
of the latest tool developments -
which probably makes it today's most
versatile grinding machine.

In addition, we provide you with CBN
and electroplated grinding wheels and
worms based on our long experience
as a developer of grinding technology.

Contact us for the latest in
grinding technology.

SU America Inc.
5200 Prairie Stone Parkway,
Suite 100
Hoffman Estates, IL 60192
Tel.: 847 649-1450
Fax: 847 649-0112
E-mail: sales@suamerica.com
http://www.suamerica.com

Hobbing - Profile Grinding - Generating Grinding - Shave Grinding - Chamfering - Deburring - Shaving Cutter Grinding

Bevel Gear Cutting - Tool and Commodity Management Services (CMS)

mailto:sales@suamerica.com
http://www.suamerica.com
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staIB-of-the-aJt technologies 10 design the
gear tooth geometry and 10 manufacbn
all bevel gears In the PTO& AG8 for
Pratt & Whitney's PW 6000 engine.

2301 CurtIss Street. Downers Grove, 1.60515
Tel: (630) 969-7640 • Fax: (630) 969-0253

www.arrowgear.com
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Productiv·ty is synonymo s with
Klin e nb rg Oerli 0 .

Our vision is the longterm technological partnership
with our customers.

Our goal is to help our customers to deliver top quality axles
with maximum cost efficiency. This is why Klingelnberg-Oerlikon
developed the dry cutti ng process with stote-ol-the-o rt
technology equipment - and no one has more experience.

See us at IMTS2002 . Booth #7040



Introducing the all new IIRPP ex 120. Simple to operate, affordable to own. Come see

the latest addition of KAPP machine technology at the IMTS in Chicago September 4-11.

Hall B . booth 6962.



IfRPP CX110

THE NEW COMPACT ex 120

KAPP Technologies· 2870 Wilderness Place· Boulder, CO 80301, U.S.A.

Phone +1 (303)938-9737' Fax +1 (303)4471131 . www.kapp-usa.com
G R 0 U P

http://www.kapp-usa.com


LM~FETTEandL~BHERR
for gear cutting olutions.

LMT-FETTE'slegendary craftsmanship and precision have
earned us a world-wide reputation for producing hobs that are
unsurpassed in the gear industry. N I n
a n w er hi in th North Ameri an m rk t with
LIEBHERR, the industry leader of LORENZiBlshaping, shaving
and gauging tools. By combining the strengths of these global
leaders, we are now North America's single-source solution
provider in the gear industry,

Combining premium materials, state-of-the-art coatings
and the most advanced heat-treating processes, we provide
gear cutting tools that out-perform all others. Our continual
investment in research and development ensures each LMT-
FETTEand LORENZiBlproduct is designed and built to exceed
your performance expectations,

All LMT-FETTEand L1EBHERRgear cutting tools
are manufactured to AGMA and DIN standards.

• Solid HSSHobs
• Solid Carbide Hobs
• Multi-Gash Hobs
• Heavy Duty Roughing Hobs
• Indexable carbide Insert Roughing Hobs
• Milling Cutters with Carbide Inserts
• Skiving Hobs
• Hobs for Worms, SJM'ock

Timing Belt Pulleys &
Shaper Cutters
Form Milling Cutters
Shaving Tools
Rack Type Cutte
Rolling Dies
Rolling Racks
Broach Rings
Master Gears
Ring and Plug Gauges
Cutter Adapters
Clamping Arbors
Clamping Fixtures

Call our new Gear Solution Center
in Saline, Michigan at 734-429-2095

to find out how we can be your
single-source solution provider.

18013 Cleveland Parkway, Suite 180, Cleveland, Ohio 44135
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VAV
orne of the pre ure on American manufacture eem to be

I rting up. Thi i welcome relief, con. idering the. queeze they
ha e been under for the past few year .

ot only have American manufacturer been cru hed by a
lowdown in the e nomy, but th re ent high alu of the U..

d liar has mad matters even w . WhiJe the low economy
ha reduced th demand for all type. of goods, including tho e
containing gears, the strong d liar has made American exported
good more e pen ive overseas and made imported good Ie
expen ive, The fierce pricing pre ure that re ulted h led many
to belie e Am rican could not be competitive.

But now, th e onomy eem to be picking u including the
manufacturing s ctor, Many gear manufacturers are extremely
bu y, orne as buy a they ha e ever been. Ju. t la t week I
poke with a manufa turer of autom tive drive line component

who aid hi fa tory i running e en day a we k, I al 0 poke
with the pre ident of a Midwe t gear manufacturer specializing
in aero pace parts who told methat he' ju t fini hed the two
be t hipping month in hi company' 50+ ye

The e may be i olated e ample . but I m increa ingly hear-
ing that bu ine i improving, and there are oth r encouraging
ign . According to .S. Federal e erve Board tatistic ,indu -

trial production h grown in each month 0 far in 2002. The
anecdote and th tati tic ay the arne thing: anufacturing
appear to be on th up wing.

In addition, the U.S. dollar ha been weakening. In fact. this
. ummer it dipped below parity with the Eur for the fir t time
inee the Euro was launched in 1999. While a weak dollar
ound like a bad thing. it i actually beneficiaJ to both American

exporte and tho e that compete again t imported good . Tho e
who try exporting ill find their price are m re attractive to
p tential buyer oversea, and conver ely, tho e who e market
are dome .tic may find that foreign import price ar Ie attrac-
tive to their potential cu tomers. Either way, merican gear
manufacturer . eem to be in a better po ition today than they
were even everaJ months ago, becau e of incr ed indu triaJ
activity and more favorable exchange rate . A it turn out,
America is more competive than wa thought.

With all of the e encouraging indicate , it
IMTS i coming at the right moment (the how begin

eptember 4 in hicago), A alway, the h w pro ides an
excellent opportunity to find out more about the technologie
a ailable to increa e productivity or quality in your manufactur-
ing operation. Even if you dOD t con ider yourself in the market
for machine tool right no .th re are e eral fa t rs you hould
think about that might help you decide to go to IMTS.

If demand for g ars i on the ri e, which it e m to be, then
demand for rna hine tool to produce them i likely to follow.
The cash price of machine tool today are a: low lli they have

been in a long Lime.With incrcas d demand you an expect that
those prices will be firming up ometime oon.

I 0, the decrease in the aJue of tbe dollar probably affec
rna hine tool manufacturers the oppo ite ay it affect
American gear manufacturers. Many of the rna hine tool pur-
chased for u e in the United State: are manufactured in other
countries. Even American equipment manufacturer, uch as
Gleason Corp., manufacture ome rna hine ov rse . In th
case of tho e companies, th wakening of th dollar will erve
to increa e pricing pre ure becau e the co t of their goods i
uddenly m re expen ive.

Of course, thi doe n't nece arily mean that machine tool
price are going to go up immediately. any m hin t I man-
ufacturer will probably be forced by competiti e pre ure to
ab orb the increa ed co t or find me way to protect them elve
again t the exchange rate ri k. But if there is a window of oppor-
tunity to take advantage of the market, it i likely to occur over
the ne t year. Your be t
opportunity to trike a good
deal may be at lMTS.

Also, Un le Sam ha
provided another rea on
why now may be a good
time to con ider a machine
tool purcha e. A orne of
you are probably aware, the
U.. government recently
enacted the Job Creation
and Worker A i lance Act
of 2002. Thi tax relief act provide for an additional Ol?l fir t-
year depreciation allowanc on property acquired after

eptember 10 200 I and before eptember II, 2004. Your
machine tool purchase may qualify for this allowan .

All thing considered, TMT provides the be t opportunity
for gear manufacturer to do what they have not done in a long
time: Go hopping.

ichael Goldstein Publisher & Editor-in- hief

P.S.-Thank y u to the more than 500 of you who have igned
up for FREE ub. cription to E-GT, the ele troni ver ion of
Gear Technolog , announced la t i ue. E-GT will be an exact
duplicate of Gear Technology, pn pared in PO format and
a ailable worldwide FRE through our web ite, ginning with
the JanuarylFcbruary 2003 i ue. If you haven't igned up yet,
you can do 0 by vi iting www.geartechnoiogy: om and foil w-
ing the ub cription link for E-GT. igning up will not affect
your ub cription to the printed ver ion of Gear Technolog '.

www.pow/!r'ransmlsslon.com • www.gurr/!chnology.com • GEAR TECHNOlOG Y • SEPTEMBER/OCTOBER 2002 9
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MACHINE Up To

MORE PARTS
PER HOUR

Dura-Bar Plus i a new engineered iron
that machines better than carbon and alloy
.teels ... and better than competiti e grades of

continuou cast iron.

New & Improved Dura-Bar Plus gives you
A LOWER COST PER PART •••

PL S - ORE PARTS P R DO R!
Decrea e cycle time.
Increa e productivity!

PLUS - LO G R I RT LIFE!
Reduce your downtime for
tooling change!

PLUS - DEFECT-FR L!
Quality guaranteed!

ew Dura-Bar Plu is available in gray and ductile
iron grades and in a wide variety of ize
and hapes. For more information. ee

ur web site at www.dura-bar.com.

Or call
-800-8 MILL
(1-800-227-6455)

I CREASE YOUR MACHINlNG
00 CI1VITYAND VEMO Y Willi

eft' Dura-Bar Plu , mE LA •
G E RED METAL TE(:HN·OLOG •

2100 West lake Shore Drive, Woodstock, IL 60098-691 1
1-800-BAR-MILL • 815-338-7800 • FAX: 815-338-1549
E-mail: sales@dura-bar.com Internet www.dura-bar.com

http://www.dura-bar.com.
mailto:sales@dura-bar.com
http://www.dura-bar.com


REVOLUTIONS

Dragonslayer Gears
cording lO leg nd, a amurai':

sword was a strong and harp that it
could slice an opponent's blade in two.
In medie al Japan. the forging of tee I
rea hed a high art am ng e pert blade-
masters. A profe ional warrior. the
samurai depended h a ily on his
blade's qualit . The steel had to be
exrrernel hard on the outside, to hold
a . harp edge and withstand the f rces
of battle. But. it couldn't be brittle. It
had to be tough on the in .ide, a it
wouldn't shatter during combat.

Tho e propertie are ery like th
ne required of modem gear.

At lea 1. that' hat Charlie
Kuehrnann, pre id nt of Que, Tek
Innovati ns LLC of E anst n, Il.,
ay . Hi c mpany devel ps materi-

als, including teel for gears and
swords. "We developed a steel for
high performance helic pters that e
figured out would also do pretty
nicely for sword. and kni e ,"
Kuehmann ay.

edieval bladesmiths learned
forging by apprentice hip, trial-and-
error and luck. Que ek u. es sophis-
ticated computer modeling and a ~-
tern engineering approach t dev el-
op what th company call Materials
by Design®.

For e ample, Ques'Iek ha . oft-
are that m dels how different pro -

e ing variable affect a materi-
al's trength. he model predict
how material will act under ur-
i u processing ariables, like carbu-
rizing and quench temperature and
cycle times, Kuehmann. ays.

Ques'Iek's Gear et® C61 and
Ferrium® 69 alloy have been
de igned with gear. in mind,

Kuehmann ays. The e alloy can be
carburized to a ca hardn of
Rockwell C61 and Rock ell 69,
respecti ely, which is quite a bit harder
than m st gear steels.

In the annealed tate, the e tee I are
a little bit harder than gear steel uch
as AI I 931.0 or 8620, Kuehrnann ray .

lthough this might lead to h rter
cutting tool life, Kuchmann say'; "We
haven't had anybod ha e any pr b-
lems with machining."

B ause they can be made harder
than gars made from ther steels.
Que Tek e pects that gear made fr rn
it steel willia ir l nger, lternati ely
the sic Is can be u ed to make, mailer,
lighter gear that perform th same j b
as gears made from other material,
Kuehmann says.

Qu s ek ha performed : orne ini-
tial riling conta t fatigue and wear
tests on protot pc gears made from
Ferrium® C69 steels. According to
Ques'Tek literature, these tests have
indicated a longer life for the gear'
made of C69 . te l. hen compared
with gear made of some other com-
mer ially available stee Is. The
GearMet® 61. te I ha underg ne
only bending fatigue tests, not tests
of a tual gears rnrde of the material.
"One thing that' been a big hurdle
for us ha been gelling g od data,"
Ku hmann. ays. But the company ha

arranged to ha e gear made f it
teel tested at a major gear

re earch facility later thi. year.
o far, the primary applications for

Ques'Tek gear ste Is are in racing and
aero. pace. Kuehmann say '-where

minimizing tran mis ion weight is
ritical. But he adds that other type

of companies arc testing the mat rials

for their wn gear applications.
Que 'Tek also continues to de clop

materials for other applicati ns. One f
the company's sh wca e project. i to
make a word even b uer than the leg-
endary amurai ord. That pr je t i
called ' he Dra onslaycr," a . word
that-theoreti ally-could slice a
samurai sw I'd in two.

"W 'rc pretty cia. e to b in there:'
Ku hmann sa s. Ques'Tek t t d a
blade made from it Ferrium® C69
alloy against a Japane e-rnanufactured
hunting knife. 69 is the alloy that
Ques'Iek sees as id al for ars, he
Japanese knife as the cl st thing
available to an actual .amurai word
( ith ut damagin a valuable antique).

h result: The 69 blade was virtu-
ally untouched. and the Japanese knife
had a n tch about 1/2" deep, a c rding
to Kuehmann.

He beli e h
onslaycr a reality
nitriding process,

uesTek hopes they'll be ahl to sell
Dragon:layer .words to colle tors. Just
as imp rtant, they belie e that one day
oon they'll b selling Dragon.layer

gears for your application .

an mak the Drag-
by optimizing the

UTS, AGMA Offer New Gear
Rating Software

Uni e al Te hnical yt rn Inc. and
the merican car Manufacturer

ssociati n want to make work easier
and more efficient for engineers who
ha e to rate gears ace rding to MA
200 I C-95 and IS 63 6.

To do that, and A MA each
ha c new software for analyzing and cal-
culating capacities of . pur and parallel-
axis helical gear according to both stun-
dards.

wwwpowert,ansmission.com • wW".gea,technology.com • GEAR TECHNOLOGY' SEPTEMBER/OCTOBER 2002 11



REVOLUTIONS

Based in Rockford, IL, UTS relea ed
it new rating oftware in Augu t. he
oftware con i 1 of two program or

module : one for the AGMA tandard,
one for the ISO standard.

Tho e two modules were part of a
larger release of 70 updated UTS mod-
ule . That oftwareinclude module for
de igning, analyzing, rating and manu-

facturing gear and gear y tems. he
module cover external pur and helical
gear, internal gear, worm gear, face
gear, planetary gear drive and involute
pline .

Located in Alexandria, VA, the
AGMA i ch duled to releai e its new
program, the Gear Rating Suite, in
October.

George Lian, a developer of AGMA

THE PU 0
CORPORATION

ISO 9002 CERTIFIED

586 Hilliard StlMt P.O. Box 1898, Manchester, cr 06045-1898 U.S.A.
Telephone: 860 OOסס-649 • Fax: 860 645-6293

Home Page: http://www.purdytransmissions.com
E-Mail: sales@Purdytransmissions.com

C'996 THE PURDY CORPORATION

oftware, ees the program a u eful to
gear manufacturers and users especially
to their design and application engi-
neer . Lian i enior project engineer at
Amarillo Gear Co. of rnarillo, TX, and
a member of OM's Computer
Programming Committee, which created
the software.

The committee' vice chairman, John
Rinaldo, e pect engin er to a e time
and aspirin entering gear data becau e of
the program's' very flexible" input rou-
tine. Rinaldo is senior development
engineer for Atlas Copeo omptec lnc.,
located in Voorhee ville, NY.

The software' • flexible" input rou-
tine lets engineers enter their data in
whatever way they want. For example,
they can enter tooth thicknesse as x fac-
tors (profile hift coeffi ient ) or as any
of the six common mea. uring method .
AI 0, they can witch between tho e
methods, ntering a pan mea urement,
then asking for di play of the equivalent
measurement over balls or of any other
method.

More than that, they an enter their
data in inche , metric unit or a combi-
nation of both units, witching between
the two "on the fly."

Engineers with a gear drawing that
ha a mix of both unit don't have to
con ert tbem to one y tem before enter-
ing th m. They can enter a face width of
20", c nvert the creen to metric units,
enter an outside diameter of 1,000 rnm,
witch the creen back, and continue to

enter the re t of the drawing' data.
The S module likewi e u e in h-

e and metric unit and can witch back
and forth between them.

AI 0, UTS de igned it. modules so
people wouldn't ha e 10 re-enter data as
they mo ed from one module to another
whil working on a gear.

Similarly, AOMA's software lets
engineers enter a et of common gear
geometry, then add ju t tho e facto
needed to rate a gear with J 0 6336 or
with GMA 200J-without ha iog to
re-enter the whole et of geometry data
for each standard.

12 SEPTEMBER/OCTOBER 2002 • GEAR TECHNOLOGY • wwW.gearlechnologycom·wwwpowsrtransmlsslon.com
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Th M . oft are al 0 h a gear
ge m try checker. Providing a gear'
g ometry data and bob information. an
ngin r an blain a geometry r i t

rnak certain th gear' number. arc
intemall c n i tent. Rinald a the
ch k rio h Ip people ele I the
pr per tooling.

imilurl .the UT module ill warn
pe pi if a gear param ter, like center
di. tance r out ide diameter, g

yond what w uld be con idered good I

pra Ii e. The an 0 erride the warn-
in : but i they tray too far from ood
pro lice. th module alerts them that
th ir ar i n wed.

Lian add thnt th AG A pr gram
was created I "faithfully" rate according I

to either standard-s-that i . to rat with-
OUI inje ting per. nal de. ign rul r
limitation fr m the program' auth

.. h t ver the tandard a110 ," Lian
ays, "this program will allow,"

The program' u rs al 0 an ent r
ih ir wn d ign lirni . and the pr gram
wiII warn u r if tho e limit ar

eed d.
Th two TS rating modul c t

I 200 a pice , Gear manufa turer can
bu TS's 70 updated-and integrat-
cd-modul !ol separately, cu tornizing
th ir . ft are sets to their particular
n ed .

r
m mbers.

program will co. t 1.1 5
rnbe and 1.49 f r n n-

"Any standard PC ould be able to
run (the oftware without pr blerns,"
. a Frank herek of Render orp, of

lgin, d vel per of the oftwa .
h reo de ign gearboxe for wer

tran mi i n application and manag s
FIend r'. qu lity as uran e program.

Th module alo were de ign d
t perate with Window. They on it

f Visual Basi interface and TK Iv r
m rh rnatical modeling engin ..

inaldo ees the GM oftware a.

REVOLUTIONS

helping rnerican gear manufacturer
h ar trying to ell gears 0 erseas and

ne d to rate them with the I °standard.
"Th international community i. try-

ing I m ve lone gear rating I ndard
and that i I 0," Uherek ay , "Through
tbi Itware, people who are n t famil-
iar with th I 0 tandard but are om-
fortable with th AGM m thod can

AIVV Systems Co. announces that it Is now a
manufacturingsource 01 spiral gear roughing
and finishingcutters and bodies.

We also can manufaclure new spiral
cutter bodies in diameters of 5" through 12'
at present,

AIVV can also supply roughingand IJnlshing
cutters for most 5'-12' diameter bodies,

Whether it's service or manufactunng, con-
sider us as an alternative source lor cutters
and bodies,
You'llbe in tor a pleasant surprise.

NEWI Hob and Shaper Cutter Resllarpening
is now available 11AIW Systems Company

I compare their de ign."

Tell Us

•

"tI•• '••• 11I••••

RoyalOak, Michigan48067
Tel: (248) 544-3852· Fax: (248)544-3922

____ 111I1111111I111I11I1111I1111I111111111111I1111I1111I1111111111111111111111111111111111II11111111J111111111111111111111111111111111.1
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Our CNC hobbing machines cover
the full spectNm of gears up to a
diameter of 4500 mm. Over 1,000
installations of this machine con-
cept testify to its acceptance.
Couple all this with over 50 years
of experience and support, and
your choice for gear hobbing has
to be Liebherr.

-
SIGMAL POOL
Tho Goaling Portnefllhop oIlJollhof1
I<long<mbe'll end 00<1,1<00

See Us At IMTS BOOTH 7040 B

Liebherr Gear Technology Co.
1465 Woodland Drive
Saline, M148176-1259
734.429.7225 • Fax 734.429.2294
info @/gt./iebherr.com

Gear Hobbing • Shaping • Grinding • Measuring

mailto:@/gt./iebherr.com
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NO
The following products were selected because they hold the most interest for gear industry professionals.

Contact the company or visit its display at IMTS for more information.

terns o.
Booth: B-7130
612 E. Harri on
Ro al Oak,' 1411067
Phone: (248) 544- 852
Fax: (248) -44- 922
AIW Sy tern will di. playa selection of
cutter bodie and blade. including
If, ight be el cutters. piral be el cullers.

HSS and carbid tick blade ..
Additi nally. th company will offer b re
and height gage . h b.. an ass rtment of
diamond tools for hard turning and dre -
ing. key. em culler and d ve tails a. well

oth r hardware.

Bourn och achine Too o.
Booth: 8-7048
2500 Ki hwauk e t.
Roc ford, I 61104
Phon: HI5) 96 -4013

a : ( 15) 96 -0019
Bourn & Koch will d m n trate dry hob-
bing ith a 400H ries 11g ar h bber.
In additi n. th company will e hibit the
newly redesign d R I - he k 30" gear
inspecti n system. Roto- rind rotary
tables and example fr m the ellows
produ t line which wa. recently pur-
chased by B urn Koch.

Broach M te Inc Dive ear o,
Booth: B-7129
1605 Industrial Drive

uburn, 95603
Ph ne: (530) 885-1939
Fa : 530) 85- 157
The Broach ~ ters In .lUni ersal Gear
Co. manufacture: gear uuing I I,
including gear and pline broaches. pe-
ial form broache .. and sh nk- and disk-

type utters, It also munufa ture pline
gage. spline arb and rna ter gear. and
pro id production broa hing rvices,
including blind hol broa hin .

Broaching achine pecialti
B th: B-7251
r180 eeley Rd.

ovi, MI 48375·2044
Phone: (248) 471·4500

ax: 248) 471-0745
Broaching Machine pccialties will
introduce the Ele tro-Mate th next gen-
eration of its Cell-Mate internal, table-up
broaching machine. Thi. machine elimi-
nate the need for operat r land and
pits, and hydraulic units. The ingle-
piece con truction i designed to mak
for simple cell r configuration. vailabl
with linear bearing: as opposed to tradi-
tional bo -way d .ign, the lectro- at
an meet th tightest part dimen. ional

tolerance and urface finish require-
m nts. according to the ompany.
Completely ele tromechanic By operat-
ed in every a i • the Electro-Mate i
powered b force tube and 'ervo m tor
technology and require no hydraulics.
The table-up machine design can be
tooled to broach multiple parts simulta-
neously and i a ailable with up to J 0-
ton capacitie and 72" strokes.

Darex Corp.
Booth: B-7234
P.O. Bo 277

bland. OR 97520
Phone: (541) 488-2224

a : (541) 488-2229
Dare x orp. will display hamfering
tool . counterbores/countersinks: debur-
ring machine; d burring tools; drilling
and reaming t Is; end mills; grinding
machine: tool, cutter and drill point;
grinding wheel. and abr i e belt .; plant
maintenance and repair equipment; and
woodworking equipment.

D.. orr' 011 Co.
Booth: B·678J

201 Job on t.
ovington, KY 41011

Phone: (859) 581·7511
ax: 859 81-9642

D.. rrison will di play lW versi ns of
key. aters-s-the 1/4" and 3" models, which
both ha a unable speed. dditionally,

chauer speed polishing/deburring lathe
will be h w . ed.

Dura-Bar
Booth: E-2284
2100 W. Lake hore Dr.
Woodstock, JL 60098
Phone: (HIS) 338-7800
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Fax: (815) 338-1549
Dura-Bar will feature tooling materials,
blanks and premachined .tock and work-
piece material .

Fax: (49) 212-409-111
Forst produce h rizontal internal and ver-
tical broaching machin ,as well as broach
harpening machine and broaching tools.

Flair Industry ccessory o.
Booth: B-7140

o. 36 an Feng Rd.
Houli, Taichung Hsleu, Taiwan
Phone: (886) 4-255-793-80
Fa : (886) 4-259-769-90
Flair will feature bearing, pulley ,
c1utcbe ,gear and v-belts, handwheel
knob, cranks, pump and coolant.

Gear Technology Center, Division of
j ubi hi International Corp.

Booth: A-8701
46992 Libert Dr.
Wixom, MI 48393
Phone: (248) 669-6136
Fax: (248) 669-0614
Mil ubishi manufacture boring ma-
chine ; gear grinding machine; gear
honing machines; gear shaping ma-
chine; gear having machines; cylindri-
cal OD grinding machine ; machining
center' four- and five-axi horizontal
and vertical machining pindles; univer-
sal machining center; and bed-, planer-,
gantry- and bridge-type milling machine .

Forst GmbH & Co. G
Booth: B-7126
Schutzenstrasse 160
0-42719

olingen, Germany
Phone: (49) 212-409-130

118a11•• .-in· cludes emerging trends and high-speed machining,M..... alll'll••••••.•..•focus on th.latest technologies,Tel............. ions on d. n engineering and rapid tooling,
gies and six sigma applications in manufacturing,

oncentreting on the unique needs of contract and small manufac-
operators, and

•••••••••••••••••••• -jlwov!·des sessions on lean manufacturing practices,
advance in mlnufaeturing automation as well IS supply chain and resource
mlnagement Ind tools.

All of the session focus on i U88 like increasing productivity, strategies for
reducing teld time, tools for IS uring quality and the latest technical develop-
mentI. SME orglnizlr hIVe ch.dul.d speeches by executives at companies
such as Motorola Inc., Visteon Corp. and Leln Works Inc.

In addition to hearing the speech.s, attendees have the opportunity to net-
work with other industry proftssionals during the technical conference. The
intended ludi.nce consl of p.opl. with management. engineering, design,
sup.rvision, quality control, human resource , sales and marketing, purchasing,
production operation and maintenance functions.

For those holding memb.rship In SME, the conference is free on September
9. For other cost information, vi it the SME website at www.sme.orgfimts.

For more information on the conference schedules for the six categories, visit
the IMTS homepage at www.imts.ofQ or e-mail the IMTS 2002 Manufacturing
Confer.nce team at mfgconfOsme.ofQ.

Glea on CorpJGlea on utting Tool
Corp.
Booth: B-6931
1000 Diver ity Ave.
P.O. Box 22970
Rochester, 14692-2970
Phone: (585) 473·1000

ax: (585) 461-4348
Gleason will introduce a threaded wheel
grinder, a bevel gear cutting machine, a
gear in pection rna hine and i mo t
complete line of gear haper cutters.

The 245 TWG threaded wheel grinder is
designed for fini h grinding of aut motive
final drive ring gears, peed ge ,planet
pinions and gears up to 245 mm in diarnet r
and module of 3.25. With thi product.
grinding urface peed of up to 60
meters/second are po ible, According to
Gleason, other feature include the integra-
tion of on-machine dres ing, a load/unload
mechanism that enables th rna hine t cut
floor-to-floor time on a typical final ring
gear to approximately one minut and a
planet pinion to 20 second or less.

The Phoenix ® II 275 H bevel gear
cutting machine is designed to run dry r
wet a required.

The Glea on Mahr 275 gear in pee-
tion machine j de igned from the gr und
up in a joint development effort betwe n
Glea on and Mahr for the elemental
inspection of all gear type .

The Glea on haper cutter lin i
available in ize range from 1.2 to 64
DP with no limit on the number of 1 eth
ground to CIa 5 tolerance . This NC
grinding technology is created to fulfill
requirements for mall shanks and pe-
cia] form with higher le el of accura y
than typical manual machine proce e.

Gold Star Coatings (tar utter 0.)
Booth: E-2701
2234 . Dam Rd.
West Branch, MI 48661
Phone: (800) 426-2538
Fax: (989) 345-302{)
See listing for Star Cutter o. Thi divi-
ion of Star Cutter o. will feature it

line of wear re i tant thin-film coating
for cutting tools and wear part.
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Expertise
Appliea ions

CHi
NACHI MACHINING TECHNOLOGY CO.

G nbn
or All

with continued
leadership ...
Combining over 140 years of process,
machine, and tool experience enables
Nachi Machining Technology Co. to
maintain industry leadership by providing
customers with the "best practices"
manufacturing solutions.

Let us help you with all of your Broaching,
Gear Shaving, Hobbing, Rolling, Gear Honing,
and Tool Sharpening needs.

See Us at
Booth # 66953

Broach and Gllar
Finishing Product
Bro ches

Convsnl1OnaJ
GUllet
SpmaJgllde
Spline
Blind Spline
Full-Form
TenslOlHld
Draw Bat
Surface
Pol
Fir Tree

Sh8vln(} Cuners
Roll Dies
Hobs
Sh8per Cuners
Roll forming Racks
Hones
Bumlshl/lfl Tools

..
"-

NACHI MACHINING TECHNOLOGY CO.
17500 Twenty-Three Mtle Road. Macomb. MIchigan 48044-1103
Phone: (586)-263-0100 rax (586)-263-4571 WNW nacturntc.corn
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Great Taiwan Gear Ltd.
Booth: B- 7139

108 ColJier Lane
Greer, S 29650
Phone: (864) 322-U66
Fax: (864) 609-5268
Great Taiwan Gear will display a gearbox

with a motor for wheelchairs, a gearbox
for scooter. a zero backla. h gearbox for

NEMA 17/23/34 motor, pump gears and
a worm gear et. Gear redu er • tran -

mi sion , cutting tools, gears, and gear-

boxe from fine to coal" e pitches are
available as well.

Haug Verzahnungen GmbH
Booth: B-6938
Kirchheimer trasse 27

D-73271 Holzmaden
German
Phone: (49) 70·23-9526-0
Fax: (49) 70·23·9526·10
See li ting for oepfer America' .L'C,

H.B. Carbide o. tar Cutter 0.)
Booth: E-2701
2234 S. Dam .Rd.
We t Branch, MJ 48661
Phone: (800)426-2538
Fax: (989) 345·3020

hi divi ion of Star utter o. will fea-

ture it line f carbon pr form. in lud-
ing fluted pr form, pecial rod blanks,

special extruded hapes, cold heading

dies and bu hings, round rod , flat
blanks, gundrill blank and pecial tool-
ing. See listing for Star Cutter Co.

Inger 011 utting Tool o.

Booth: A·8039
707 Fulton ve,
Rockford, lL 61103
Phone: (815) 987·6000
Fax: (815) 987·6725
Inger 011 utting Tool will feature it

automated fiber placement machine, the
Ri.giDyne hydrodynamic pindle y tern
and the MultiTec machining sy tern.

The automated machine can place
material over the end of a part rotating

on the centerline of the head and tail-

stock, making it po sible to cr ate corn-
posite fuel tanks and other barrel- haped

object complete with integral domes.
The Rigilryne i a 40,000 rpm hydro-

dynamic pindle system for high veloci-
ty machining. Featuring 'even main

part, the y" [em includes a motor drive
that is ieperate from the spindle. At 34
Ib ., the spindle can be . witched out in
les than five minut .

The MultiTec machining y tern will

make its first large cale debut at 1M
and is a modular machining. ystem com-
bining milling, grinding, turning tum
milling and five-axis milling in a ingle

machine. Five ba ic type are offered in
horizontal, vertical and gantry tyle con-
figuration. A variety f gear CUlling
tool will be on di playa well.
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J. chneeb rg r orp.
B tb: B-7053
1525 Holmes Rd.

lgin, IL 6017
Phone: (847) 888-3498

a : (847) 888-3665
Visitor will find C tool and cutter
grinders, h b . harpening equipment and
broach and pro lie grinders.

Kapp Group
Booth: 8-6962
2 70 Wilderne Place
Bou der, 080301
Phone: (303) 447-1130

: ( ) 447-1131
The Kapp Or up will feature tone
machine. il ill be introducing the
ZE 800, whi 11 wa de igned a a
rna hine for manufacturing I w noi e
tran mi .si n gears r the turbo-rna hin-
ery and windpower industries. Kapp
GmbH offer. its newest manufacturing
elution to hard-gear fini rung in the
X/KX rna hin family. De ignated CX

for Coroning and KX for grinding. the e
machin . were created to meet the need.
of the .S. aut III tive market by offer-
ing Coroning. p tile grinding and gener-
atin grinding pee. B th machine
have modular tructures, iemen
Sinumerik 40D ontrol and integrated
inspection system .

Klingelnberg mbH
Booth: 8-7040
Peter trasse 45
D-42498 Hucke wagen, erman
Phone: (49 2192- 1-0
Fa : (49) 2192-81-200

ee li ting for igma Pool.

oepfer m ri a L.L.
ooth: B-693

635 chn id r r.
outh Elgin, I 60177

Phone: (847) 931-4121
: (847) 931-4192

K pfer will introduce it ne triple part
loading. ystem on the C odel 200
h bbing rna hine. The KF 100 NC hob
harpening machine with . piral ga h

IMTS 2002

capability is uitable for steel and car-
bide hob. The fine pitch MZI20 CN
h bbing machine offers pur, h lical and
high h lix worm utting on one machine.
AJ 0, the Monnier + Zahner Model
M647 C C burr grinding machine for
the dental industry will be di played.

utting tool manufactured r m premi-
um high peed teel, powder metal and
arbide as well a Haug honing wheels,

gear and dre ing 1001 de igned for all
honing machines will be featur d.

• Thr•• ds, Helical
Ind Involute

• Strlight or Tapered
Splines on Shafts
& Production
Rolling

2 PRECISION
MACHINE
SPINDLES

• Patented Motorized.
Boring. Milling.
Grinding & Cluster
Rep ir or Design &
Build

he combined gear hobbinglw rm
milling machine pfer MZ 120 i
d ign d for small-module pur g ars,
worm ge . w rm wheel and w rm
threads. By piv ling the milling spindl
from horizontal to vertical p siiion and
ch ing the c rresponding perating
mode in the control, th worm
milling machine turns into a g at h b-
bing machine.

The grinding machine 647 pro-
du e dental bum; and r tary utte .

3 BROACHTOOLS
• Helical. Spir.ll.

Large Involul.,.
Flat. Concav. &
Special Fofllll

• ""'nted C.N.C,
Manuflctured for
COl\Sistency

4 BROACHING
MACHINES

·C,N.C.
HelicaVl.bla Up.
Pull Down.
Sull.c •• nd
HOIzonlll

• Complete Tumkay
Setups

Colonial Tool Group Inc. has been a leader in the machine tool
industry for over 60 years. Our reputation can only be maintained
by the manufacturing of all our products in-house, including a
complete heat treat facility. Let us tackle your tooling needs or
process problems from our previous experience, balanced with
today's ingenuity.

COLO
With exchange rates, your U.S. dollars buy more in Canada.

TOOL GROUP INC.
1691 Walker Rood, Windsor, Ontario, Canada N8W 3P1

519-253-2461 • FAX 519-253-5911 • www.colonialtool.com
In the U.S.A 313-965-8680
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Both tung ten carbide and hardened teel
can be proce ed on thi machine. Six-
haft path control with indu trial P and

a touch creen, an automatic loading and
unloading sy tern with funnel magazine
for 1,000 part (rod ize), a grinding
wheel attachment for three wheel , and
oftware for all hapes (radii and traight

line) are included.

Leistritz Corp.
Booth: -5315
165 Che tnut t.

llendale J 07401
Phone: (201) 934-8262
Fax: (201) 934-8266
Lei tritz will demon trate hard whirling
of ball crew, full machining to finish
quality baJl thread in a ingle pa .

[Q)[~~0 [K\&+ ~ ~OO
- precision through diamond ---

PATENTED PCD REINFORCING
FOR DIRECT PLATED DRESSERS

We willdesign, buildand guarantee fromyour gear summary charts gear dressers for
Reishauer SPA and Fassler DSASystems-Direct-Plated or Sintsrad-Bond Single- or
Double-SidedDressers.

WEalso produce
gear dressers for
• Gleason TAG

Gleason Pfauter
& Gleason Phoenix

·liebherr
• Klingelnberg
• Oerlikon-Opal
• Hoefler
• Hurth
• K8PP
• Niles
• Samput8nsili
• Mikron
• Maag
• Csepel

We offer our customers
• Highest Accuracy • Competitive Prices
• Fastest Delivery • Relap & Replating Service

Call or fax us your gear dresser requirements.
You will quickly discover what leading U.S. gear producers have learned.

DR. KAISER gear dressers are the best value available.
Distributed by:

S.L.Munson
& Company

401 Huger St, Columbia, SC 29201
Phone: 1-100-775-1390 • Fill: 1-103-929-D!i07
E-mail: info@Slmunson.com

Liebherr Gear Technolog Co.
Booth: B-7040
]465 Woodland Dr.

148176
Phone: (734) 429·7225

a : 734)429·2294
Libeh rrGearTechnology o. i the orth
Am rican distributor of Sigma Pool gear
manufacturing technologic and proce se .
See li ling for Sigma Pool.

L T-Fette
Booth: ·2889
18013 leveland Pkwy., uite 180
Cleveland, OR 44135
Phon: (800) 225-0852
Fax: (216) 377-0787
L!'v1T-Fcltc,Bilz and On rund, member
of the Leitz Metalworking Technology
Group, will di play Fcttc® and Lorenz®
gear cutting tool carbid milling to I
and insert; mold and die tool.; axial,
radial, and tangential thread rolling ys-
tern ; crankshaft mill ; bar peeling head ;
tap, turning holder and in ert; maller
diameter end mills; and the Bilz ISG
3000, 3100, 2000 and 4000. Hourly
demon tration of the Twin ut Vario and
Magic Tap will occur.

M& Prccision y tcrns orp.
Booth: B·7132
300 Progr Rd.
Dayton, OH 45449
Phone: (937) 859-8273
Fax: (937) 847-6364
M&M Preci ion Sy tern will feature
two new C C gear in pection y tern ,
the igrna Serie and the Microtop. The
new igma 3 and 7 y tern combine
four-axi generative motion with 3-0
probe technology and high- peed linear
motor direct drive. The Microtop pro-
vide full four-axi , Window -ba ed,
generati e mea uring capacity. Thi hop
hardened y tern i uitable for today
manufacturing cell and ffcr the arne
analysis capacity for parall I axis gear.
worm and worm haft as i a ailable on
M&M'. larger Sigma eri machines.
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T e Broach Masters, Inc. Universal Gear Company
• Gear & Spline Broaches • Shank & Disk Shaper Cutters
• Special Form Broaches • Generated Form with ground Fillet Radius
• CNC Gear Grinding • Go NoGo Spline Plug Gages
• Production Broaching • "Posi-Loc" Spline Arbors
• Blind Hole Broaching Specialists • Master Gears

(530) 885-1939 • Fax (530) 885-8157 • (530) 885-5075
1605 Industrial Drive, Auburn, CA 95603 Made in USA

www.broachmasters.com·sales@broachmasters.com
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Mahr Federal Inc.
Booth: D-4321
1144Edd l.
P.O. Box 9400
Providence, RI 02940
Phone: (401 784-3100
Fax: 401 784·3457
Mahr' gear in pection equipment i repre-
ented by Gleas n Corp. ee Liling for

GLeasonCorp. Mahr Federal will display

calibration equipment; optical and other
comparator; coordinate mea uring
machines' flatnes mea uring equipment;
gage and gaging equipment, including ta-
tistical proce ing; control data collecto ;
la er mea urement y terns; electro-
mechanical probe ; roundn m uring
equipment; urface fini h measuring equip-
ment; urface plate and vi ion y tern: .

Precision Made - Cost Effective
One Statement with Two Objectives

Dragon Precision Tools from Korea.
oticeable Different. Clearly Superior.

CJ 11:::l;i'
DRAGON I'i ECIS/ON TOOLS CO., LTD.

Represented clu ively in the USA by:

icromatic Te tron
Booth: B-6979
345 E. 48th t.
Holland, MI 49423
Phone: (616) 494-3200

a : (616) 392-1710
Micrornatic e tron will feature gear prod-
u ts, u h rolling machin and hear
peed gear hapers, honing products, spe-

cial machinery. micro-preci ion rotary
actuators, and tooling and abrasive .

Mitt & Merrill L.P.
Booth: B-7144
P.O. Box 691
Bar ard, IL 60033
Phon : (815) 943-3303
Fax: (815) 943-3366

, Milts & Merrill will introduce a new gen-
eration of key eater that u e electro-
mechanical drive and ball crew for the
stroke and infced movements. The tiff-
ne of the drive i de igned to impro e
workpiece surface finish and promote
longer tool life. ccording to the compa-
ny, becau e there is no thermal expan ion
a i common on hydraulic machine I

greater po itioning accuracy, depth con-
trol and part-to-part repeatability i pos-
ible. Additionally, all keyway data can

be entered directly from the part drawing.
utting and return peeds as well as

stroke length are preselected on the
panel. The electrical cabinet and panel
are mounted on the machine frame to
minimize the floor space required.
Machine capacity is keyway width I"
and keyway length 12". A manual inde -
ing table i available as well.

olemab bra ive Inc.
Booth: B-7148
2616 rizona Ave.
Plattsburgh, Y 12903
Phone: ( 00) 962-2226
Fax: (888) 203-3876
Molemab Abra ives will di play vitn-
fied, re inoid and rubber bonded wheeL,
mounted point, and diamond and CB
product . Abra ive wheel for many
application are available, with diameters
from 1/32" to 47".
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Monnier + Zahner
Booth: B-69 8

auptstra 11
0·2553 afnern
witzerland

Phone: (4 ) 32-356-0370
a : (41 32·35 ·2654
e Ii ting for Koepfer America L.L.

achl Machining Technolo o.
Booth: 8-6953
17500 23 Mile Rd.
la omb, 48044·1103

Ph ne: (586) 226·5133
a : (586) 263-4 71
a hi' exhibit will in Iud a di play of

current produ tion part, t I and

pr e se . The c mpany' latest. emidry
forming techn logy will be a ailabl for

in pection at the how.

il erkzeugmaschinen GmbH
Booth: 8-6962

2870 Wildem Place
Boulder, 080301
Phone: (303) 447·1130

a : (303) 447· 13
ee Ii ting for pp Group.

Parker aje tic, Divi ion of Penn
. nited Technology
Booth: 8-7258
330 E. Cunnin ham I.
Butler, P 16001
Phone: (724) 431-2482
Fax: (724) 431·2487
Parker Maje tic will introduce it Liberty

and C C erie Grinder. The e
i men PC-b ed machine ar auto-

mated for produ tivity. The Freedom

urface grinder with optical CNC
vet-the-wheel form dre er i . uitable

f r gear and broa h grinde

Rei hauer orp.
Booth: 8-7033
1525 Holm Rd.

19in, TL 60123
Phone: (847) 88-3828
Fax: (847) 888-0343
Rei. hauer will h wcase the RZ 400 pre-
cision gear grinding machine that incor-

Ultra Precise Hobs
Accuracy Class: AAA. AA, A

Material: Carblde/Brldge/HSS
Technology: Dry/High Speed/Hard Hobblng

Range: 10-~OO Dlametral Pitch

STOCK AVAILABLE

U5SE L.
o BROOK&
E DE 50 .1 C.

Visit our website at: http:' Iwww.tru-volute.com

17·17 Rout. 208 North, F.1f L.w., New ItrY)' 07.10
Telephone: 201-796-5445 Fax: 201·796-5664
A MnMlI (J' DfoA\QMIA GlOW
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porate gearless planetary drive.
acou tic ensing for alignment of
dre sing diamond and low noise hift-
ing, which produce a random surface
tructure on the teeth to prevent excita-

tion.
The machine working area wa

designed to facilitate fast change-
overs. Other feature are convenient
location for the setup of the dre ing
unit and an ergonomic ea e of wheel
change. According to Rei hauer, the
wide range of the gear location on the
haft or arbor allow the product maxi-

mum machine uptime. The main col-
umn that carries the grinding spindle
and slide rotate 900 to facilitate wheel
change and another 90° to perform the
wheel dres ing operation. AI 0, the
company will di play diamond and
CB dre sing and grinding tool.

IMTS2002 _

Sigma Pool
Booth: B-7040
1465 WoodJand Dr.
Saline, ] 48176
Phone: (734) 429-7225
Fax: (734) 429-7225
Liebherr Gear Technology Co. will have
the Liebherr LC 382 gear hobbing
machi ne, the Liebherr LCS 282 gear
grinding machine, the Klingelnberg P 26
gear in pection machine, the OerJikon
CS 200 gear cutter setting device, the
Oerlikon T 60 bevel gear te ter, the
Oerlikon C 20 piral bevel gear cutting
machine and the CM digital double-flank
gear te ter/analyzer.

Star Cutter Co.
Booth: ·2700
23461 Industrial Park Dr.
Farmington Hill , MI 48335
Phone: (248) 474-8200
Fax: (248) 474·9518
Vi itor will see C C sharpening and
tool grinding machine; hob ; form relief
miUing cutter; pres ure coolant drill
and reamer; non-pre sure coolant drill
and reamers; PCD tooling; Gold Star
thin-film, wear-re i tant coatings; car-
bide preforms' shaper cutters; having
cutter; olid carbide tools and ingle-
and two-flute gun drill .

Star- Inc.
Booth: B-6844 and B·6950
5200 Prairie Stone Pkwy., Suite 100
Hoffman Estates, IL 60192
Phone: 847) 649·1450
Fax: (847) 649-0112
Star-Sll will how hob, milling utter,
rack and aw cutter, shaper cutter ,
have cutter, grinding wheel and

worm , chamferingldeburring tool as
well a tool ystem for bevel gear man-
ufacturing needs.

SU America Inc.
Booth: B-6844
5200 Prairie Stone Pkwy., Suite 100
HotTman Estates, 60192
Phone: (847) 649·1450
Fax: (847) 649-0112

SU America i howing the late t
rna hine de ign of the S350 hobbing
machine for dry CUlling and the S400 GT
flexible grinding machine, which is capa-
ble of profile grinding, continuou gener-
ating grinding and honing, well a
combination of the e proce es,

Ty-MiJes Inc.
Booth: B-7241
9855 Derby Ln.
Westchester, IL 60154
Phone: (708) 344·5480

a : (708) 344-0437
Ty-Mile will xhibit it high peed
broaching y tern. which can be inte-
grated into an automated manufacturing
cell or u ed a tand-alone machine .
Mile broaching ystem, ertical, hori-
zontal and table-up, provide from 2- to
3D-ton force and from 12" to 72"
. troke . Table-up model require no pit
or platform and part loading/unloading
is done conveniently at operator wai t
height. Standard/interchangeable broach
tooling include fi rures, holders and
br ach cutting tool.

Welduction Corp.
Booth: B·7245
22750 Heslip Dr.

ovi, MI 48375
Phone: (248) 735·2800
Fax: (248) 735·2821
Welduction will di play it induction
heat treating y tern and commercial
proce ing devic , such as standard
. canner for variou heat treating appli-
cation . including heat treating of gear .
With the ability to ingle h t or can
harden, Welduction induction center can
handle different iz.e of gear for hard-
ening, tempering and annealing applica-
tion. Standard machine attribute
include compact de ign, pr ci e vertical
slide part rotation and quenching,
quench containment and filtration, built-
in power supply diagno tic and operator
afety feature .

A complete list of booths is available at
www.imts.com.
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IMTS2002

T u
Robin Wright

STUDENT SU MI NTRODUCES N xr I"

GENERAT 0 TO MANUFACTURING
Th 2002 Sho offers an pportunity for student . ranging I

fr m grad . hool to ollege, to take part in the exhibition. !
Thi opp rtuniry tarted at the 1998 how and attendance !

rose II % by the time of LMTS 200. cc rding t the IMTS i
web ire. !

h ther the e tudent are college enior ready to enter the i
ngineering field or in elementary sch I, they ill ha e the !
pportunity t i it the inside of the booth and peak to com- !

pany repre entative to better unde tand th technology. In the ~
pa t, Id r tudent took ad antage of thi opportunit in greater i

num r but all age are invited. c rdin t th IMTS web ite. ~
goal of the tud nt ummit i t introduce the student to i

ar r opportunitie and explain th future 0 the manufa turing ,
I chnol g indus try. !

1: achen and parents are als permitted I parti ipate in the ~
tud nt summit. how itinerarie and a' .ignrnents are availabl I

10 t , .h rs, I
In 2000. a total of 3.923 tudents were hapcr ned thr ugh:

the IMT . how by 605 teachers and parents, The student and :
their ehaper ne repre ented 35 tate and 13 foreign eountrie . !

Registrati n i free for the tuderu umrnit and tud nt may i
attend n any da 0 LMTS. !

Interested tudent and industri an brain f, rm on the !
IMT web ite at www.imtsnet.org. or m re inforrnati n, call i
M rta Mason at (703) 827-5219 or e-mail her at!
mamasantgamtonline.org. i

NEW BUSWAY SHORTENS COMMUTE
FROM HOTELSTO MCCORMICK PLACE

eeo 00
Travel Technology Group ('ITO), the official housing coordinator for the 2002IMTS Show, has blocked off rooms in

more than 55 hotels for MTS attendees, Accommodations run the gamut from the economical to the
more exclusive hotels.

Among the hotels offered are some of the city's finest, including landmarks like The Drake,
The Inter-Continental, and The Swisshotel.

For visitors seeking simpler lodgings, ITO presents options that provide are 'ng place
as well as an economical advantage to attending the show. For example, the Essex Inn and
the Congress Plaza Hotel are both centrally located and available for about $130 a night

Room rates vary from about $120 to nearly S8OO,depending on factors like room or
suite size, hotel amenities and proximity to the city's financial and entertainment districts.
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GROUND GEARS - Ten or Ten Thousand
For small to medium Quantities of spurs or helicals that have to
meet close-tolerance AGMA or DIN specs, our Reishauer grinders
and M&M gear analysis systems are the perfect combination.

For Long runs, we offer the unique Uebherr CBN grinding
process with full SPC quality control and documentation.

So whether your needs are for ten or tens of thousands, we
invite you to join the growing list 01 INSCOcustomers who rely on
us for consistent Quality, reasonable costs, and reliable delivery.

PHONE: 978-448-6368
FAX: 978-448-5155

• WEB: inscocorp.com
InsCO 412 Mam SlIee!. Groton, Massachusetts 01450

COIlPalATION

ISO 9001 Regis1ered

EW

Call to use gage for your
next machine run off.
90 days at no charge.

p y
851 Ohio Pike, Cincinnati, OH 45245

Toll free: (8001755-0516
Fax: (5131 752-5599

E-Mail: unitedtool1@aol.com
~un;te-a-mat;c.com

_____ IMTS2002 _

MTS PAY LlO S
Abrasive Machining/Sawing/finishing-Nonh Building, Hall B
This pavilion will feature cylindrical grinder; int mal grinde ;
angular wh elside grinder ; cr ep feed grind ; thrufeed
grinders' ceruerles grinders; urfa e grinders: abra: i c belt
grinders' jig grinders: C C tool and culler grinders; uni rsal
grind : cam grind : ben h, crank haft and abra i e cui ff
machine; band aw ; circular aw : lapping rna hines: alanc-
ing machine: honing rna hine and poLi hing rna hin

Controls and CAD-CA East Building, Hall 0
Thi pavili n foeu es on CIMJ ADI AM Y tern ,
trois, aut mati n management ysterns, communicati ns sy -
tern and LANs. software development sy terns and .ervices,
computers and s ftware instrum nts-comrol: and systems inte-
gration rvice.

EDM-fast Building. Hall 0
One of the larg .[ gatherings of EDM manufacturer e er
as ernblcd, the pa iIi n feature CN wire EDM. EDM filtra-
ti n y tern and upplie. ram-type DM. m tal disintegrator
and die inking rna hine .

Gear Generatio orth Building. Hall B
Gear hobb r ,gear hape , gear CUller, gear haver. broach-
ing equipm nt, gear grinding equipment and g ar mea uring
equipment a . h wca. ed in this pa ilion.
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IMTS~2""""".
Mach ine ComponentslC lea ning/Environme ntal-East BuiIding.
Ha/l 0

ir purificati n equipment fet gu d. mat and
e uipm nt. filtrati n equipment, water and il purificati n, air fil-
trati n, oil parati n, sump I , n i e ntr I equipment.
du t rem vers, el tri al equipment. ay c versnra ks, st rage
y terns, p deane. p 3l he .jnaterial: nandling! t rage
y tern . ball w . bearing, pindles, n ey ating ,
rv m 1 rs, pumps, degrease • ro Ii ,plant rnaintenan e
uiprncru, lli em ly/test equipm nt, m li n contr I equipment

and envir nmental management ftwarc arc featured.

Metal Cutting-South Building. Hall A and North Building. Hall C
The etal uning Pav ilion include machining center , turn-
ing centers. a embly automati n, milling machine and cen-
te boring ma hine , drilling machines, tr n er m chin ,

rew rna hine • broaching rna hine , burni hing machine
un drilling rna hin , pi ner/mill. ring mill , multiple
pindle drill and automati • drilllmilllbore he d nd lides,

thr ad rolling, jig ring/milling machin . nd knurling
m chin • vertical turr t lath . bar f eds, ut mation y terns
a••.embly machines, end fini. hr. rna hining lls, huckcr
and lathe,

Metal Fonning & Fabricating/laser onh Building. H II B
II type pr ses and the late I in la er produ tion and te h-

n I gy arc displa ed here.

Quality Assurance-East Building, Hall 0
Precis ion, laser and oordinate m uring m
pre i. i nand in-process gaging m hin ; 1 I c nditi n rn n-
it ring equipment; measurement ftware: qu Iii, ntrol, te l-

in and measuring equipment: mparat ; m trol g and
vi iony t m. will be n displa .

Tooling & Workho ding Systems-East Building, Hall E
This p vilion h pe ial tooling, in luding b rin bars,
c lants, oils, ceramic, and c mpo ite utting tool. un
drilling syst m •jig, reaming t I, and vi' ..

Business Service North Building. Concourse lobby
H y u will find industry-relat d publicati ns, governrn nt
rganizations and other non-manu turing rganizati n .

T.II Us Whit You ink. , .
Vilit our . It tllfWW.flH1fKIHIolOfy.c."
II Rltllhillltici.
IIR
II CoItact tilt
II k.I •••__

Or cIII (147) 437•••••• II to •••• of _ editorsl

top ource
for all your
gear-making
requirements

• Precision carburized
gears, houSings and
gearbox assemblies

• New nowline prodocnon
• Supplier to leading

aerospace manufacturers
• Tolerances to AGMA

Class 12
• Design assistance

available
For more mformatlon. contact:

n Aero Gear Inc.
1050 0 Y HII Rd., Wlnlbot, CT 0Il095
Tel: (860) 688-0888
Fax: (860) 285-6514Aero Gear Inc.

email; buygears
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•Ing
.' ... from tile Source

Remcwe nlcb, buml, heat treat acale
and Improve gear tooth surlace.

0Nr 30 ,.,. 19O. rt tt.1InI deftloped tile gear
...........,,.-. Put,.,.., tnIoIlD II.- ~. wbo In•• ntlHllbI ,.-.

~ ~ IHCUJI)(;
• FUItv omot IVl-h3fTl$.

moc:_
• Pot edGeoe

Ole iOn Sy\t;,m
omotIC ophe<Icof

poslttonng
• Ir va'0bIe ete de

of CJ( """ '"
machines

• \'Or Iy 01 geOI types

For Q(ldlllonol information on G
Burnllhlng anltlor l'IuI[gtgmlfdlll

lnI'poctlOR. VIS/lOur we/:Jslre at:
www.lWgears com

S IRAL BEVEL GEARS
(Transmissions)

Spiral & Straight Bevel Gear Manufacturing.
Commercial to aircraft quality gearing.

Spur, helical. splined shafts. internal & external.
shaved & ground gears. Spiral bevel grinding.

Midwest Transmissions & Reducers.
ISO compliant.

MIDWEST GEAR
& TOOL INC.

12024 E. Nine Mile Road
Warren, MI 48089

CONTACT:
CRAIG O. ROSS
15861154-8923

FAX (586) 754-8926

_ •• _TECHNICAL CALENDAR ••• _
ptember 4- l-lnt rnationa anufacturing echnolo '

hov 2002. ormick Place. Chicago. . e page I for
complete 1M 2002 co erage .

eptember 1l-13-Fuodameotal of G ar
niversity enter for ntinuing ducati n, ni

Wi. consin-Milwaukcc, Milwaukee, WI. Thi .
vide attendee with a beginning knowledge
y tern design and analysis. A knowledge geom try,

trigon merry, and elementary algebra is required. 1,09. For
more inf rmati n. c ntact the ni e ity nter for

ontinuing du ati n at 414) 227-3100 or i illh center'
web pages via 1I'1I'W.lllI't1I.edli.

eptember 23-24-11th nnual G ar ailur naly j

ernlnar, Big ky Rc ort, Big Sky. MT. All ndee will Jearn th
causes of and pr vention method for gear failure. YPC' of gear
failure such a, rnacropitting and micr pitting. scuffing, I th
wear and breakage will be di eus ed. 625 f r GMA m mbcr ,
795 for non-member. For more informati n, onta t th
G at (703 6 4-0211 or bye-mail at te h@agma.org.

chool for Gear anufacturing.
Richard J. Dal y ollege, hicago, TL. trend e will recei
training in earing and n men lature, prin iple f inspection.
g ar manufacturing meth d , and hobbing and haping. 650
for AGMA member. $775 f r non-member. F r more infor-
mati n, conta I the AGMA at (703) 6 4-02] I r be-mail at
[entressteogma.org.

ovember 13-14- dvanced ear Proc
Ianufacturing with Tabl top hibi. Hill n
orthbr k. I . pon red by the ociety of
ngineers, this pr gram, nalyze the i sue in p

rnanufr turing high quality gears. 795 for
95 f r non-m mbe . or more inforrnati n, nta I th

by teleph n at (800) 7 3-4763 r n Ih Int rn I
IVw\I'.sme.org.

Tell Us Whit You Think ...
Visit www .••• McIntG/ogy.comto

• Rate this col •••••
• Reques1IllOfl information
• Con1ect the organiza1ions mentioned
• Make a suggestion
Or call 1847)437-. to talk to one of our editorsl
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Direct Gear Design for Spur
and Helical Involute Gears

Alexander L Kapelevich and Roderick E. Kleiss

Introduction
odem gear de ign i generally based on

tandard tool . Thi make gear de ign quite im-
pie (almost like electing fa tener ), economical,
and available for e eryone, reducing tooling
expense and inventory. At the arne time, it i
well known that univer al tandard tool provide
gear with le than optimum performance anel-
in orne cases--do nOI allow for finding accept-
able gear elutions. Application pecific , includ-
ing low noi e and vibration, high den ity of
power transmi ion (lighter weight. mailer ize)
and others, require gears with nonstandard para-
meters. That' why, for example, aviation gear
tran mi ion usc tool profile with cu torn pro-
portion, uch a pre ure angle, addendum, and
whole depth. The following con iderations make
application of non tandard gears uitable and
co t-effi ient:
• C C cutting machine and CMM gear in pec-
tion equipment make production of non tandard
gear as easy a production of tandard ones.
• Co t of the cu tom cutting tool i not much
higher than that of the cutting tool for standard
gears and can be amortized if production quantity
i large enough.
• The cu tom gear performance advantage makes
a product more competitive and ju tifies larger
tooling inventory, e pecially in rna production.
• Gear grinding i adaptable to cu tom tooth
hapes.

• Metal and pIa tic gear molding cost largely does
not depend on tooth hape.

Thi article presents the direct gear design
method, which parates gear geometry definition
from tool election to a hievc the be lpo ible per-
formance for a particular product and application. professional engineer, is

The direct de ign approach that i commonly owner and president of

u ed for most part of mechani m and machine Kleiss Gear; I" . Hi com-

(f I I· k pany engineer; and mam.-or examp e, earn mage, compre or or tur- o 1.0 X I factures high precision,
bine blade, etc.) determine their profile accord- plastic molded gear u illg

ing to the operating conditions and de ired per- Figure i-The zone allowed by the tandard 20° the direct gear de ign
formance. Ancient engineer u ed the arne rack/or a gear pair zJ = 14, Zz = 28. approach
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This paper present an aJtemat.ive method of I
analysi and de ign of pur and helical involute !

I
gears. i

I
i
I
i
i
I

N n t
bw face width in the mesh
d. outside circle diameter, mm (in.)
d" base circle diameter, mm [in.]
dj, tip circle diameter, mm (in.)
m. proportional top land tooth thickness
mb proportional base tooth thickness
Pb base pitch, mm [in.]
S. top land tooth thickness, mm (in.)
Sb base tooth thickness, mm [in.)
u gear ratio

number of teeth
outside circle profile angle, degrees
profile angle in the bottom contact point,degrees
operating pressure angle, degrees
base circle helix angle, degrees
contact ratio
axial contact ratio
tip circle profile angle, degrees

z

Subscript
pinion
gear

1.5

1.0

.5

a

-.5

Dr. Alexander L
Kapelevich
i all o"n1'r of the consult-
ins firm AKGl'ars of
Shoreview: M . and prin i-
pal engineer for Kleiss
G ar Inc. of Centerville.
M . H has more than 20
year of experience in
development of aviation
arid commercial gear Irans-
mi ions irl Russia WId the
United Slates.

Roderick E. Kleiss.



ting tool (generating ra k) were tandardized .
Thi ha made modern involute gear de ign indi-
rect because the gear tooth profile depend on a
pre elected, usually tandard et [or parameters f
the generating rack (diametral pitch or module,
pre sure angle. addendum and dedendum propor-
tion . tip radii. etc.) and it I cation (addendum
modification or x- hift), relative to a tandard
pitch diameter of the gear.

Table 1 how a typical helical gear pe ifica-
tion, where gear parameter and the generating
proces (rack and its location) parameters arc sep-
arated. The gear a . a part does not ha e a pre ur
angle, pitch diameter, diarnetral pitch or module,
heli angle, addendum or addendum modific -
tion. All the e parameters are related to the tool
and generating proce . The involute gear ha a
number of teeth, base diameter. out id diameter
helical lead. and bas tooth thickne .

he generating rack method of gear de ign
does not guarantee sufficient gear de ign. The
minimum number of pinion teeth i. limited to
avoid undercut. The addendum modification or -
shift of the generating rack i. introduced t bal-
ance bending fatigue tre e and pecific liding
for pinion and gear, and to redu e undercut for
pinions with mall numbers of teeth.

Why must to th profiles be modified or cor-
rected at the vcry earliest stages of the gear
design? The modification must occur 0 early
becau e the traditional approach i limited by it
own arbitrary election of generating rack par -
meter. The zone depicted (Ref. I) in -shift coef-
ficient coordinate XI and x2' for a pair of pur
gear ZI = 14, ~ = 28 formed by a tandard gen-
erating rack with 20° pre ure angle i. hown in
Figure I. The zone hown contain all gear com-
bination that can be produced u ing thi particu-
lar generating ra k. It area i limited by the min-
imum contact ratio for pur gears Eo. = 1.0 (i '0-

gram A), the harp tip of the pinion (i ogram B),
and the tip-fillet interference (i ograms C and D).
The undercut isograms E and F put additional
limitations on the zone area. Oth r available gear
combination exist outside the zone border, but
in order to r alize them, the generating rack para-
meters would have to be changed. Tn other word,
a range of po ible gear combination i limited
by the cutting tool (generating rack) parameter
and the machine tool etup ( -shift).

Direct gear de ign i the way to obtain all po -
sible gear cornbinati n. by analyzing their prop-
erties without using any of the generating proce
parameter . Tho e parameter can be defined
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approach for gear de ign. developing the tooth
. hape fir t and then figuring out a way to get it.

During the technological revolution in the 19th
century, the highly productive gear generating
proce wa developed. New machine tools
required complicated and expen ive tool, hob
or gear shaper . Common parameter f the cut-

Table 1
Drawing Specification Generating Process Parameter Gear Parameter
Number of Teeth X
Standard Normal Pitch X
Normal Pressure Angle X
Standard Pitch Diameter X
HelixAngle X
Hand of Helix X
Helixlead X
Base Diameter X
FormDiameter X
Root Diameter X
Outside Diameter X
ToothThickness on
Standard Pitch Diameter X
Addendum X
Whole Depth X

Table 2
Parameter Symbol Equation I Value
Number of teeth Igivenl 11 14

z" 28
Proportional top land thicknesses (givenl mal 0.075

m., 0.075
Center distance, in.lgiven) 8w 3.000
Proportional base tooth thicknesses mb1 0.755

(chosen from area of existence) mb2 0.645
Profile angle in the involute intersection point, deg. VI 14a) 42.14

v, 32.85
Profile angles on outside diameters, deg. as1 (5al 41.23

aa2 31.83
Operating pressure anole, dell. Clw liD) 24.98
Transverse contact ratio E. {12} 1.60

Profile angles in the bottom contact points, deg. Clp\ (13) 8.87
ClD2 (14) 14.61

Base diameters, in. dbl (l1al 1.813
db2 dlf2 = db1• U 3.626

Base pitch, in. Pb (3) 0.407
Operating pitch, in. Pw (7l 0.449
Operating pitch diameters, in. d ••••• (8) 2.000

dwz 4.000
Operating tooth thicknesses, in. S••••. 19) 0.279

Swz 0.170
Outside diameters, in. da• (2a) 2.410

da2 4.267
Outside diameter tooth thicknesses, in. SSl 15b) 0.030

5s2 0.030
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after the gear de iga i completely ani hed.
Ther were attempt: to u. th bar circle as a

f undati n for the in lute gear th ry, parat-
ing the gear analy i from th g ar g n rating
pr e . Pr fe r E.B. ulgako d I peel th

ailed the ry of generaliz.ed param te
involute ge Ref. 2. 1.R. C I urn (Ref. )
d ribed an alt mati e definiti n f th in lut
with ut using the generating ra k. Th s lf-g n-
crating m thod "gear f ems g ar" pr sed
for pia tic m Ided gear. (Refs. 4 and 5).

c rding to thi method, the top land f th
t th of on of the gears form th fillet f th
mating gear and vice er a. I a gl n e. it I k
imilar 10 a gear haping r ge r lJing p

but th fa t that both ge are de ribed with ut
th generating ra k param te mak a dill r-
n e in their go m try and hara teri ti .

Involute Tooth Param te
n involute tooth i f nn d tw in lute

un ound from the ba e circle db' out: ide circl
diameter da and fillel (Ref. 2) ( ig.2). nle

therwi rated. the foll win equ ti n are r-
rect for spur gears and f r heli al gears in th
transver e .e lion (the ecti n perpendicular I

th axi of the gear). Equati n numbers with
alphabetic modi ier are gi en f r u in lh
numeri example Ii ted in Table 2.3 and 4.

e profile angle in the interse ti n point f
the two involute (tip angle) i

v=aco dJdA (I)
where dA i th harp tip irele diam t c.

Th profile angle on th ut id diamet r da i
aa = a 0 dJda) (2)
da = dJ 0 (aa) (2a)

Th base pitch i
Pb = rt 0 dJz 3)

where z i the number f teeth.
e proportional ba t th thickn

mb = SJpb = z 0 in (v)ht (4)
invtv) = rt 0 InJz (4a)

wh r Sb is the bas thi kne .
The pr portional t p land thi kne. s is

rna = Sjpb = Z 0 (invtv) - inv(aa))/(lt 0 c : et) (5)

co (a) +::in (a)/(rt 0 rna = mJma (5a)
Sa = r, 0 rna 5b)

inv(v = (n 0 maco aa + zinv a»)/z 5c)
where Sa i the I p land thickne . Th recom-
mended alue of Ina h uld be I n 0.06 and
0.1210 avoid a harp t th tip and pro ide u 1-

ient onta t ratio in th h.
In olut Param t

Figure 3 ho th L n f I th Ii n f th
pinion and the gear in cl me h ( a klash i.

Figur« 2-The involute tooth parameter ' definl-
tion,

Figur
tion.

da,

zero . cl e m h condition i

p••.=S •••+ ••2 (6)
where

PM' = rt 0 d ••.,/z, = rt 0 d ••iz2 7)
is perating circular pitch,

d••.\ = dbl/cos(Ct.••J, dM'2 = dbtco a... ()
are the pinion and the gear perating pitch diame-
t ,and

••., = (inv(v \) - inv(a ••» 0 db/CO ·(a ••J, 9)
•••2 = (inv(v2 - inv( ",) 0 (dbtc . (a ••)

are th pini nand th gear peratin 1 th thick-
n ses.

The perating pressure angle can be und b
ub tituuon of uati n with 7,8. and 9:

in ( ,)=(inv(v\)+/Ioin V2)-ltIz1)/1 +u (10
wh re u i th gear rati /I = "/"1'

Th operating pre UTe angle i a gear m h
parameter and it cant be de 1000 f r ne sepa-
rate gear.
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The center distance is
a", = dbl ° (l + u)/(2 ° cos(aw» (11)
dbl = a", ° (2 • cos(a)/(l + u) (11a)

The contact ratio (for spur gears and for helical
gears in the transverse section) is

en = z, ° (tan(aa') + u ° tan(aa2)
- (l + u) • tan(a,)/(2 ° It).

The profile angle in the bottom contact point
must be larger than or equal to zero to avoid invo-
lute undercut:
for the pinion
ap' = atan«(l + u) ° tan(a,) - U ° tan(aa2» ~ 0, (13)
for the gear
ap2 = atan«(l + u) ° tan(a..,)/u - tan(aa')/u) ~ O. (14)

The axial contact ratio for helical gear is
E~= z,ol\>/(2olt) (15)

where l\> (in radians) i the angular hift between
the oppo ite transverse section in the helical
mesh (see Fig. 4) and

l\> = (2 ° b) ° tan(~b)/db' (16)
where bw i the width of the helical mesh and ~b is
the helix angle on the base circle.

The fillet profile must provide a gear mesh with
sufficient radial clearance to avoid tip-fillet interfer-
ence. The fillet also must provide necessary tooth
bending fatigue resistance and me h tiffnes. The
direct gear design approach allow selection of any

I fillet profile (parabola, ellipsis, cubic pline, etc.)
that would be t ati fy tho e condition . Thi profile
is not necessarily the trochoid fanned by the rack or
haper generating proce s.

Tool geometry definition is the next step in
direct gear design. This will depend on the actual
manufacturing method. For plastic and metal gear
molding. gear extrusion, and powder metal gear
processing. the entire gear geometry-including
correction for shrinkage-will be directly applied
to the tool cavity. For cutting tools (hobs, shaper
cutters), the reverse generating approach "gear
forms tool" can be applied. In thi case, the tool-
ing pitch and profile (pre sure) angle are selected
to provide the best cutting condition .

Area of Existence of Involute Gears
Figure 5 shows an area of existence for a pinion

and gear with certain numbers of teeth zl' ~, and
proportional top land thicknes e mal' ma2 (Ref. 2).
Unlike the zone shown in Figure 1, the area of exi -
tence in Figure 5 contains all possible gear combina-
tions and is not limited to restrictions irnpo ed by a
generating rack. This area can be shown in propor-
tional base tooth thicknesses mb, - mb2 coordinate
or other parameters de cribing the angular di tance
between two involute flanks of the pinion and gear

I teeth, like aal - aa2 or v I - v2.A sample of the area
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Figure 4-The angular shift of the transverse sec-
tions for a helical gear.

IDb2

2.0

1.5

1.0

.5

o I
.5 1.0

Figure 5-The area of existence for the gear pair
zJ = 14, Z2 = 28.

a c

b d

Figure 6-lnvolute gear meshes: 6a, at point A of Figure 5 (aM'max = 39.5°, Eu =
1.0); 6b, at point B of Figure 5 (a••= 16.7°, eca,liu = 2.01); 6c, at point C of
Figure 5 (a",mnx = 29.6°, Ea = 1.0); 6d, at point D of Figure 5 (aM' = 15.9°, EamllX

= 1.64).

(12)
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of exi tence f r a pair of gears ZI = 14, ; = 2 . mol

= ma2 = 0.075 i shown in Figure 5. e area f exis-
tence include! a number of isogram reflecting con-
tant value of different gear paramete , u h

operating pre ure angle CX", contact ratios Ea, etc.
The area of existence of pur gears (thi k lin I) i
limited by isogram Eo:= 1.0. and undercut i gram
CX 1 = 00

, CX , = 00
• HeLi al gears can have a tran -p p-

ve contact ratio Ie than I. becau the ial
contact ratio can provide p per me. h. Th area f
exi tence of helical gears i th refore mu h greater.

h point on the area of e i len e refl IS a pair f
gears with dimen ionle propertie that can fit a par-
ti ular appli arion. Th propelti are pres ure
angle . c ntact ratio . pitting re istance g merry
factorl pecifi liding ratio. et .

The absolute area f e i ten e in Iud pur gar!
combinatio with any alue f proportional t p I
land thickne . ber een mal = ma2 = 0 t /TIol = mbl :

and m 2 = mb, (phantom lin 2). Thi area i . ub- !a _ I

tantially larger than the area ith gi en alue. f i
proporri nal t p land thi knes . The zone f r a :
tandard generating rn 1<.with 200 pre sure angle ( !
hown in ig. I) i only a fractional part of the a ail- :

able area of exi tence as h wn by hidden lin 3 in i
Figure 5. An appli ati n of a traditi nal gear gener- !

I
ating app a h for gear pairs out ide th z ne ut- i
lined by hidden line 3 require Ie Lionof a gen r-
ating ra k with different.param ters. The generation
of orne gear combinations (t p left and bottom right
comers of the area of xi t n e hown in Fig. 5) will
require different generating ra ks for the pinion and
for the gear.

Analy i of the area of exi tcnce haws how i
many gear olutions could be left out of c nsid ra- .
tion if a traditional approach based n a predet r-
mined t of ra k dimension i applied. F r e am-
ple pur gears with a high operating pressur angl
(point A on the Figure 5. where th rating pres-
ure angle cx"= 9.5°, conta t ratio Eex= 1.0). r with

a high contact ratio (point B on the Figure 5, where
onta t ratio Eex = 2.0 I, operating pre. ure angl cx"

= 16.70
) could not be produced with tandard ra k

dimen ion . Fi ure 6a and 6b h w th ge
Figures 6c and 6d are the gears that are achie able
using a tandard g nerating ra k that arc pre. nted I tandard designed gear pair h a conta I ratio of
bypoinlSC(a ••=29.6°.E

Q
= 1.0)andD(a,..= 15.cr. i only a= 1..16in lose m h.lnana tual application

En = 1.64) in igure 5. E en gears with the same ! with real manufacturing ~ leran and operating
operating pre ure angle (point in ig, 5) 1 k: c nditi ns, the ntact ratio of a tandard de igned
quite different (Fig. 7). Th tandard d igned gear i gear pair uld be reduced t an unacceptable Ie el
pair (Fig. 7b) has alrn t sharp-pointed pini n t th! En< 1.0.
and hort and tubby gear teeth with excessi e top : ynthe i of Garing: umerical xampJ
land tooth thi kne . 'The direct de igned gear pair : Th r arc everal w y to define gear parame-
hownin Figure 7a has a contact ratio Ea = 1.47.The i I ruing the direct gear de .ign approach. Thi
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a

b

Figure 8- helical gear pair with higl: operating
pressure angle: 'I = 9, '2 = 1.2, a", = 68.8~ Ea =
0.504, {3 = 30~ EfJ = 0.55.

Figur 9-A Jpur gear with a Itigll contact ratio: 'I
= 55, '2 = 55, a", = J2.9~ Ea= 4.0 lIIal = lIIal = 0.075.



article considers some of them.
Area of existence is known. The initial data for

the synthesi of a pair of gear (zl' Z2' "'01' f1l,,2)
could be taken from the area of exi tence at ome
particular point. The coordinate of thi point and
center di tance a••. describe all operating gear
parameter. This calculation procedure and
numerical example are presented in the able 2.

Area of existence is 1101 known. pical pr b-
lern could be finding the maximum pre ure
angle if the tran verse contact ratio i ch en or
finding the maximum tran verse contact ratio if
the pre sure angle i cho en. Both of the e ca e
require finding the point of area of exi tence
where i ogram <xwand Eo. have the arne tangent.
This condition is de cribed (Ref. 2) as:

cos(0.".)2. (l + 1t • mal' sin(<X"I)Iz.)=
CO (0.,,2)2. (I + 1t. ma2• in(o.a2)1z2) (17)

and allows solution of the e problem without
knowing the area of existence. The calculation
procedures and numerical example are pre ented
in Table 3 and 4.

The fillet between teeth is not involved in gear
mesh operation, but it shape greatly affect gear
performance and durability. In traditional gear
de ign, the fillet profile is a function of the cutler
shape and the machine tool setup. It typically ha
exce ive radial clearance resulting in high bend-
ing stresses. Direct gear de ign doe n t limit fil-
let hape definition. One po ibility i to de cribe
the fillet profile as a trace of the top part of the
mating gear tooth (with corre ponding minimum
radial clearance) (Ref. 4 and 5). Application of
finite element analysis allows for forming the fil-
let profiles to balance and minimize bending
stresses.

Extreme Parameters of Involute Gears
Point A (tangent point of i ogram Eo. = 1.0 and

0.••.= max) of the area of exi tence de cribe gear
with the maximum achievable operating pre ure
angle. There is no such limit for helical gear
because a lack of the transverse contact ratio (Eo. <
1.0) i compen ated by the axial contact ratio Ep.

A ample of a helical gear with high operating
pressure angle (Ref. 6) i shown in Figure . In
Figure 5, the point B (inter ection point of inter-
feren e i ogram up I = 0° and o.p2 = 0°) of the
area of existence de cribe the gears with the
maximum achievable transver e contact ratio.
Table 5 pre ents maximum value' f r operating
pressure angle o.wA (Point A of the area of exi -abc renee) and tran ver e contact ratio Eo. B (Point B of

Figure lo-Spur gears with minimum number of teeth: a) ZJ = 5, Z2 = 5, a =
33 1° E 10'4' b) Z 4 Z 6 a 326° 10''') 3 11 '" the area of existence) for gear pairs with different. , oa = . '. J = , 2 = , '" = ., ea = .. ~; C zJ = ,Z2 = , a",
= 24.3, ea = 1.01. numbers of teeth and the proportional top land
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Table 3
Parameter Symbol Equation Value
Number of Teeth (givenl Z, 14

z, 28
Proportional top land thicknesses 19iven) m,l 0.075

m.? 0.075
Center distance, in. (given) 8w 3.000
Operating pressure angle, deg. [chosen] (lw 33
Profile angles on outside diameters, deg (l,l (l0) & 117) 40.02

(lll 38.84
Transverse contact ratio (maximum 1 fama> /121 1.246
Profile angle in the involute intersection point deg. VI (5cl 41.03

v2 40.36
Proportional base tooth thicknesses mbl (41 0.687

mb2 1.296
Use Table 2 to identify remaining equations.

Table 4
Parameter Symbol Equation Value
Number of teeth (givenl Zl 14

lz 28
Proportional top land thicknesses (given) m,l 0.075

m,2 0.075
Center distance, in. (given) a 3.000
Transverse contact ratio (chosen) ElY

1.05
Profile angles on outside diameters, deg. (lal (l0J.(l21 43.29

(laz & (17) 43.12
Operating pressure angle, deg. [rnaximum] (lwmu 10J. 021 & (17) 37.97
Profile angle in the involute intersection point, deg. v, (5c) 44.06

v2 43.52
Proportional base tooth thicknesses mb1 (4) 0.886

mb2 1.693
Use Table 2 to identify remaining equations

Table 5

o,wAIE",8
I Pinion ZI

5 10 20 30 40 50
5 31.5°/1.0 35.0°/1.14 37.8°/1.21 39°/1.23 39.6°/1.24 40°/1,24

....~ 10 35.0°/1. 14 36.8°/1.43 38.5°/1.66 39.4°/1.72 39.9°/1.75 40.8°/1.76
•... 20 37.8°/1.21 38.5°/1.66 39.4°12.14 39.9°/2.37 40.2°/2.48 40.4°/2.54'"G>
(:l 30 39°/1.23 39.4°/1.72 39.9°/2.37 40.2°/2.74 40.4°/2.97 40.6°/3.1

40 39.6°/1.24 39.9°/1.75 40.2°/2.48 40.4°/2.97 40.6°/3.28 40.7°/3.49
50 40°/1.24 40.8°/1.76 40.4°/2.54 40.6°/3.1 40.7"/3.49 40.8°/3.78
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thickn s mal:: 11102:: 0.075. An example of a
pur gear me h with a high coma I ratio is sh wn

in Figure 9.
pur gear. (contact ratio En;:: 1.0) with a min-

imum pos. ible number of t th (Ref. 2) are
shown in Figure 10.The minimum po ibl num-
ber of teeth f r helical gears is n t limit d by
tran erse contact ratio and could be as few a
one (Ref. 6). n e ample of a helical gear with the
number of t eth -. = ~ = I is shown in Figure II.
In elute Gea with mmetric ToothProlile

Oppo ite nan (profile. ) of the gear I th are
functionally different for m . t gear .. Th w rk-
I ad on one profile i. ignificantl higher and/ r
i applied for longer period of lime than n th
oppo ite one. The a ymm tric tooth shape a com-
modates thi fun tional diff ren e.

Th design intent of a ymmeuic teeth i. I
impro e performance of main nta tin p fil
by degrading oppo ite profile. Th ppo ire pro-
fil are unload d or lightl I aded and usuall
work for a relatively h rt period. The impro ed
performance c uld mean in rea ing load capacity
or reducing weight, noise. vibration. tc,

Degre of asymmetry and drive pr file elec-
tion for these gears depend on the applicati n.

ymmetric profiles make it possible to manage
tooth stiffnes and 1 ad haring while k ping a
de irable pre ure angle and conta t rati n the
drive profile .

Dire t design of gears with asymmetri teeth is
con idered in detail in ther articles (Refs. 7 and
8), covering topic u h a analy i and synthe: is
of asymmetric gearing. area e i. t n e. and
application. ample of gea ith asymmetri
tooth profile are hown in Figure 12. Gears with
a yrnrnetric teeth h uld be c n sidcred f r gear
y terns that require extreme perf rmance, like

aero pace drive '. Th Y are al. a applicable f r
mas. production lransmi ion, where the. hare of
the tooling co 'I per one gear is relatively in ignif-
icant. The mo t promising application for asym-
metric profile i with m Ided gears and wder
metal gea . Molded gear tooling u ually require.
a custom shape. ,'0 ih as mmetric profile d
not. ignificanl1y affect c . t.

umm ry
Direct gear de ign i an alternati e appr ach to

traditional gear design, It allow analysi of a
wide range of parameters for all po ible gear
combination in order to find th m st uitable
solution for a parti ular appli arion. This opti-
mum gear oluli n can exceed the limits of tradi-
tional rack generating methods of gear design.

Figure ll-Helical gears with one tooth: zL:: I, Z2
= I, a•.,= 68.8~t" = 0.56. b = 34.9~EIJ::0.'12.

Figure 12- pur gear with a .ymmetric teeth; 12u)
a generator gear drive with a = 41 ~ Ea = 1.2 for
drive flanks ~lfIda., = 18~ Eq.= l64for coastflanks;
12b) a pia tICgear pump WIt" a = 45.7~E :: 1.01
for drive flanks and a., ::::JO.3~"Ea = I.09ltr coast
flanks.

Dire t gear d sign for asymmetric tooth profiles
pen additi nal re erve f r improvement f

gear dri es with unidirecti nal load cycles that
arc typical for many mechanical transrnissi n.. 0
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Carburizing of Big Module and
Large Diameter Gears

LJ. Cheng, K.H.Wu, S.H. Vue and IC. Kuo

arburized gear have higher trength and
longer live compared with induction-hardened
or quench-tempered gears. But in big module
gears, carburizing heat-treatment becomes time-
can uming and expensive and sometime cannot

Figure l-e-Conventionai ga -carburizing furnaces.
Maximum mea urements of a gear can be 1.3 m in
diameter, 2 m in height and 5,000 kg ill weight.

'arrierga is endogas, enriching gas is propane.

Figure 2-New gas-carburizing furnaces. Max-
imum measurements of a gear can be 2.5 m in
diameter, 2.5 m in height, and 15,000 kg in weight.
Carrier gas is a mixture of methanol and nitrogen,
enriching gas is propane.

Figure 3-lndllction hardening of tooth flank only. The gear has 92 teeth, each
one 405 mm long, a module of 36.4, an outside diameter of 3,115 mm and is
made of SCNCrM2A, a JT material specification.

achiev good hardne s due to the big mas -effect.
Al 0, it i n t easy to reduce distortion of gear
during heat treatment.

In order to achieve good iurface hardnes of the
carburized layer, it i neces ary to preci ely control
the carbon content d.istribution. The carburizing
time i much longer for big module gear due to
deeper case-depth requirement. So, after carburiz-
ing, it i ne e ary to have intermediate cooling to
Ie than 650"C to get finer grain ize and better
me hanical propcrtie . By using a carburizing fur-
nace equipped with a fast cooling function, work-
pieces can proceed through intermediate cooling
and heat up again to quench temperature inside the
arne furnace. Thi can remarkably reduce the total

heat-treatment time, as well as co Is.

The di tortion that comes from heat treatment
una oidable. But, by improving the arrange-

ment of a load of parts. we can reduce di tortion
and thereby reduce manufacturing co ts.

Introduction
urface hardening technology i very important

to in reasing th durability and trength of big mod-
ule gears. thereby reducing the ize and weight of
tho gears and their gear reducers and, further-
more, reducing the weight of their whole machines.
But, in past years, rno t of the big module gears or
large diameter gears were de igned as either casted
or welded and were heat-treated by either normaliz-
ing r through-hardening. After years of running,
pitting or wear becomes erious and finally vibra-
tion and tooth breakage can happen and stop a pro-
duction line.

Until recently, we at Formo a Heavy Indu trie
Corp. of aiwan u ed either carburizing or indue-
lion hardening, but the company was limited to
carburizing gear with diameters of at mo t 1.3 m.
To reduce manufacturing co ts and increa e the
carburizing capability for big module, large diam-
eter gea ,we recently in talled a new et of fur-
nace that can carburize gears with diameters of
up to 2.5 m.

The new et of furnaces is equipped with a new
carburizing proce s and technology in order to pro-
duce higher quality carburized gears. The computer
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imulation program can control the carbon corn nt
profile in order to achie e good hardne and the
fast cooling function within a nitrogen atmo phere
can h rten the total h at-treatm nt tim .

Indued n Hardening
ears with diameters bigger than a carburizing

furnace hould be indu ti n-hardened, Becau of
the big diamete ,teeth are hardened one by one.
There are two way to harden the t th: "tooth flank
hard ning only" and ' th hardening." Figure
3 h w the treatment of tooth flank hardening, and

igure 5 .h w the treatment 0 tooth root hardening.
Figures 4 and 6 'how the macrostructure and

hardne. s di tribution curve of the hardened layer.
fr m tooth flank hardening and tooth root harden-
ing, re pecti ely. Figure 7 h w the tooth profil
after induction hardening of the gear hown n

igure 5. That gear h been tooth root inducti n
hard n d. The re ult how that the tooth pre ure
angle decrea d lightly. B au only one tooth
has been heated while the gear ther teeth remain
cold during induction hard ning, the geometri at
accuracy and tooth lead are alma t unchanged dur-
in tooth-by-tooth inducti n hardening.

Carb rizi
Carburizing via mallfumace with traditional

process and carrier ga generator. Figure h ws
the typical carburizing proce. of a 1.3 m furnace
for about a 3 mm case depth. During carburizing,

rmo Heavy Indu trie use carrier g pr
duce by an endog gen rat r. Al ,the carbon
potential i enriched by propan gas and controlled
b an 0 ygen nor. t r carburizing, the ork-
pi e mu t be taken ut of the arburizing fum c
and pUI into a tempering furnace for intermediate
c ling, then air cooled t r m temperature. After

ling, the workpie e will be painted with anti-
carburizing paste, then put int the carburizing fur-
nace again to heat up to quenching temperature.

igure 9 ho the load being taken out of th car-
burizing fuma e, re d f r qu nching.

Carburiting of lar, e diameter gears wah new
process furnace. Figure 10 h w the typical ar-
burizing prace s for a ut a 5 rom case depth. he
carrier gas com from a mixture of liquid
methan Iand pure nitrogen. The carbon potential i
measured by a yg n r and controlled ia
p pane an enri bing g and air a diluting
gas. In thi case, we d n't need any g general r
~ r our carrier gas. The arburizing intermediate
cooling and quen hing p edure are continu us
and d n't invol e taking th load out of the furna e.

igure 11 how the 1 ad being taken out of the car-
burizing furnace. ready f r quen bing.

Figure 4-Te t piece showing profile of tooth-flank
hardened gear in Figure 3. Hardness of material
before hardening: HB 250-265. Hardnes of sur-
face after hardening: HRC 52-55. Thickness of
hardened layer: about 4.7 mm.

Figure 5-Induction hardening of tooth flank and
root, The gear ha 108 teeth, each one 182 mm
long, a module of 25. an out ide diameter of 2,776
mm and i made of M440, a }IS material speci-
fication.

Re uks of carburising. igure 12 and 13 h w
the rna ro tructure and hardne di tributi n 0 a
true- ired t t piece from the load hown in igu
9 that was carburized via a 1.3 m furn . 111
m ured ca d pth i bout 3.5 rom. The hanln •
within 0.2 mrn of th urfa e i· lower. this decar-
burizing effect comes from taking workpieces ut
of the furnace when ding interm diare ling.

igure 1.4 hows the micro. tructure of the hardened
layer; the micro tructure is fully marten iii .
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diameter and heal'y.dllty
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cement, rubber and pla ucs
industries. as well as other
industries.

K.H. Wu
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Formosa Heavy lndustnes,
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glomerate Formosa
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S.H. Yue
is plant manager of
Formosa Heal lndu tries'
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lC. Kuo
; a sistant plant manager
of Forma a Heal')'
Industri .\' g('or plan I.I
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Figure 6-Test piece showing profile of tooth-root hardened gear shown in I

Figure 5. Hardness of material before hardening: HB 250-265. Hardness
of surface after hardening: HRC 52-55. Thickness of hardened layer:
about 2.7 mm,
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Figure 7-Tooth profile after induction hardening of tooth flank and root of
gear shown in Figure 5.

nhr
Carburizing

840°C

~Ol
/~~cJoling

Airl·coo mg

·cQhrA'. Ir .Tempering co01lng

Figure 8-Carburizing process of conventional furnace, with maximum gear
diameter of 1.3 m,

Figures 15 and 16 show the macro tructure
and hardness distribution of a true-sized te t piece
from the load hown on Figure 11,which was car-
burized with a new 2.5 m furnace. Since the inter-
mediate cooling occur inside the carburizing fur-
nace and there is nitrogen gas protection at les
than 750°C, the surface of workpieces will not
oxidize or decarburize; 0 the near- urface hard-
ness is better than it would be if carburized via a
1.3 m furnace. Figure 17 shows the microstruc-
ture of thi test piece; it i fully martensitic.

The distortion of carburized gears i a problem
of great concern. According to our experience,
the lower side of the gear, which touche the oil
fir t, will hrink and that side's diameter will be
smaller than the upper side's and, therefore, the
gear will be a little bit conical. Can sequently, the
lead will change drastically. Figur s 18 and 19
show the profile and lead of the gear hown in
Figure II before and after heat treatment.

Figure 20 shows one example of load arrange-
ment; there are 20 gear in one load. After heat
treatment, we measured the geometric a curacy
and hardnes of every gear. In order to decrea e
the distortion of gears, the arrangement of work-
piece during heat treatment is very important.
We put plates under and above the gear to
decrease their distortion. For small or ring-type
gears, we overlap gear, as Figure 20 show . For
bigger gears, we have to separate them by a
charging jig, a Figure 11 shows. The jig between
gears will reduce the conical distortion from
quenching. Figures 21 and 22 are the re ults of
two loads arranged a shown in Figure 20 with
the same heat treatment condition . Figure 21
shows the re .ults of normal quenching. and
Figure 22 shows the results of turning the load
when quenching in the oil. The latter ha better
geometric accuracy and more homogeneou hard-
ne .

Performance of Carburized Gears
The performance of carburized or induction

hardened gears used in a sugar plant is hown in

~292
~967

Figure 9-JlIst carburized gears are removed from conventional furnace before quenching. Each gear has 73 teeth, each one 213 mm
long, a module of 12, an outside diameter of 967 mm and is made of SCM420H, a JIS material specification. Hardness of carburized
teeth is liRC 58-59, case depth is 3.5 mill.
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Figur I{}-Carburi:;ing process ofa newfurnace, with maximum
gear din", I r of 1.5 m.
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Figure 14-
J/icroUruclure of
carburized layer of
gear test piece
hown in Figur 12.

Figure 15-
Macro tructur uf
Kear te t piee car-
buri-ed with Ih
gears. hown in
Figur 11. Th test
pi c I,as.5 I I!III,a
module of 20 and is
made 0/ f./201l,
a}1 material sp •
ification.

Figure17-
Mlcro 11'11 ture of
carburized layer 0/
gear test pie
hown in Figur I .
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Figure 19-Tooth profile wid lead of tile same gear from Figure
18 after carburizing in a new proce s furnace.
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Figure 2o--Arrangement 0/ gear. be/ore carburizing ill a lIew
proces furnace. Each load consists of 20 gears. Each gear has
107 teeth, each one 160 mm long, a module of9 all outside diam-
eter of 980 IIUIIand is made 0/ l7Cr iMo6, a DIN material .pec-
ification. Ca e depth of gears is 2.8 mm.

lumlng the load when
quench Into 011

hanging rod

.-6
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Figure 22- ompari Oil 0/ gear flatne and hardne of anoth-
er load of gears arranged as shown ill Figure 20 and turned while
quenching ill oil.
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Figure 23 and 24. Figure 23 how an open gear
with normalization and a pinion with quen hing and
tempering. They have operated for three milling
eason, and the gear tooth urface is already pit-

ting because the surface hardness i too low.
Figure 24 show an open gear with induction
hardening and a pinion with carburizing. They
a) 0 were operated for three milling eason.
Since the hardnes wa rai ed for both gear and
pinion, the urface i in very good condition and
the gear and pinion Ii e can be longer.

onclusion
Induction-hardened gear ha e les lead and

profile di tortion compared with carburized ones,
but they have Ie . contact and bending strength.
The induction hardening of big gear' require pe-
cial induction coils and more operators. Of the
two type of induction hardening tooth root hard-
ening re ult in more bending trength than tooth
flank hardening, but the former require more
advanced technology.

arburized gean. ha e higher tooth urface
hardne s than induction-hardened gears. Al 0, the
hardne di tribution and micro tructure of car-
burized gears are more homogencou than they
are in induction-hardened one. Therefore, carbur-
ized gear have higher contact trengtb and bend-
ing trength compared with induction-hardened
gears.

The distortion of carburized gears i bigger
than that of induction-hardened gear .. When the
diameter of a gear become bigger, it i neces ary
to increa. e the gear' ca e depth to compen ate
for the bigger di tortion, Thi will increa e the
heat-treatment time, weU a the grinding time
after heat treatment. We have reduced the distor-
tion of gears by better arranging workpiece in a
load and turning the workpiece during quench-
ing. We will continue to reduce di tortion through
further te ling and data collection. 0

Tell Us WUt You Think ...
Visit www.••• rr.cllnology.COIII to
• Rite th· article
• Request more informltion
• Contlct •••• author or complnies mentioned
• Make I suggestion
Or call (8471437-&604 to talk to one of our editors!

Figure 23-Dpen gear and pinion used ill a sugar
plant and made by another gear manufacturer, after
three milling seasons in operation. The pinion
(upper) has 22 teeth, each one 710 mm long, a mod-
ule of 40 an out ide diameter of 982 mm and is
made of quenched and tempered SCM440, a )IS
material specification. The gear (lower) has 95 teeth,
each one 700 mm long, a module of 40, all. outside
diameter of 3,858 mm and is made of an unknown
normalized material.

Figure 24-0pen gear
and pinion with the
same dimension a in
Figure 23, used in the
same ugar plant and
made by Formosa
Heavy Industries, after
three milling seasons ill

operation. The pillion
(upper) is made of
SCM420H, a jT mater-
ial specification, carbu-
rized to HR 57-59,
witll case dept" of 4.5
mm. Tile gear (lower) is
made of CM440, a 11
material specification,
tooth flank arid root
induction hardened to
HRC 52-55.
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Measuring Profue and Base
Pitch Errors with a Micrometer

Richard L. Thoen

micrometer instead of one or two, a large t of
pin in tead of no et at all, a computer in, tead of
a p ket calculator for computation, and a
hange factor (Ref. 2) that i variable instead of

constant. The pin method has, in George Grant'
words (on the cycloid versus involute c ntr ers,
Ref. 3),

... the recommendation of many well-mean-
ing teacher', and holds its position by means
of "human inertia." or th natural reluctance
of the average human mind to adopt a change,
particularly a change for th beuer,
F r a relatively harp edge between th tip land

and involute. a condition rypical of fine-pitch gen-
erated gearing (bobbed, hapcd, ground), th t th
thickness can be mea ured with an ordinar
mi r m ter, as hown in Figure I. But for a rela-
tively large tip round b tween the tip land and
inv lute, a condition typical of f rmed gearing
(molded plastic, die ca t, powder metal, stamped,
cold-drawn), the tooth thickness generally cannot
b me' ured with an ordinary mi rometer, ince
contact i near the tooth tip.

onventional wisdom hal it ating back to
Wildhaber, the originator of the span method (Ref.
5)-that contact hould be near th mid-p int of
the acti e profile, a ay [rom any tip and! r r t
relief. Yet, it i es entia! to understand that t th
thickness is not mea ured dir tly but i calculat-
ed from an equation based on perfect teeth. As a
result, there are unknown err rs in measured tooth
thickness (Refs. 6 & 7) that can nullify the appar-
ent benefit of contact ncar th mid-point of the
active profile, particularly in the fin -pitch field
wh rein profile modification is not pre alent.

Loui Martin, chairman f the GM ine-
Pitch ommittee from it inception in 194J until
1953 tated (Ref. 4):

The glaring mistake that ha . been made by
the gear industry i to try to relate fine-pitch
requirement with experience gathered from
the coarse-pitch field.

Micrometer Design
micrometer with suitable anvil can mea ure

not only the profile and bas e pitch error on fine-
Figure 2-Different span measurement on tile same gear. pitch gearing, but al 0 the tooth thickn on
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In thi article, equation for finding profile and
base pitch errors ith a micrometer are derived,
Limitation' of micrometer with di c an il are
de cribed. The design of a micrometer with uit-
able an it i. outlined.

Introduction
The pan m thod i not widely u ed in the

fine-pitch field, mainly be ause "it would be nec-
essary La make micrometers with pecial anvils"
(Ref. I). onsequenrly, the pin method is still in
widespread u e, de pite it requiring several

Nomenclature
Diameter of reference circle
Diameter of base circle
Span dimension or measurement
Basic span dimension
Number of teeth on gear
Number of spanned teeth
Diametral pitch
Circular pitch on reference circle
Basic tooth thickness on reference circle
Base pitch
Radius of reference circle
Radius of base circle
Radius to point of contact
Inside form radius
Outside form radius
Deviation from p/2
Tooth thickness on base circle
Deviation from tb
Angle subtended by tt/2
Profile angle
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f nned gearing. pecifically, it i een from
Figur 2 that the tooth thickne can be calculat-
ed from anyone of everal differ nt pan mea-
surements. Thus, the calculated t th thickne
for a perfect gear i the arne for different pan
measurern nt s. on ersely, th calculated tooth
thi knes for an imperfect gear i not the arne for
different pan mea urernent: -a yrnptorn of
en' J"" in pr fLI and/or pitch.

lso, fr m Figure 2 il i een that the base
pitch can be measured by starting ith the rna i-
mum pan mea urement and th n, while retaining
the point of c ntact on eith r outermo t t th,
reducing the pan dirnensi n in I p equal to the
ba. e pit h.

hen me uring th minimum span dimen-
ion. c nta t i near the tip. f the an il . een

in Figure 2. 0, for a micr meter with con en-
ti nal di c an il . there i little m re than point
COOlat n th teeth, n t lin c nta t. M reover,
the full face width of a pini n on a c1u ter gear
generally cannot be panned with di c anvils.

onsequently, the an it . h uld be square, not
round. nd .ince a squar anvil annot rotate, the
micrometer spindle mu t be non-r taring. as n
con cnti nal blade mi rometcrs, micrometer
with these feature', made for spanning gea of
20- 0 diametral pitch, i sh wn in Figure 3.

era ing
On general d gearing th profile error tends

to be uniform around the gear. whereas th inde
error tends to be . inu oidal (Ref'. 8 & 9). a
result, th err r in . pan measurement tend to be
inu idal around the gear. Thu .. 10 minimize the

d trimental effect of inde error. the calculated
tooth thi kn should be ba ed n the a erage of
two r mor span me urement.

In particular. for e en I th nurnbe ,the cal-
culated t th thickn i b d on the a erage of
two diametrical I opposit span m a urernents,
Odd t th number' 23 and '1' at I' can be treated
as an even tooth number with ut in urring a ng-
nificant error. F r ;; 21. 15 and 9, the calculat-
ed t th thickne s i based on the a erage of three
span mea: urcments 120" apart.

It i important to remember that if the a erag
f r van u et. of teeth around the gear are ig-
nificantly different (a ondition typical of formed
gearing). then a eraging is not applicable (Ref.
10 II).

F r ;; 19, 17, 13 and II. the alculated t th
thi kn . s i: based on the a -erage of the maxi-
mum and minimum pan m asurernent • pro id-
ed that they are within I O"! of being diametri-

Figure 4-Spa/l measurement of tooth thickness.
cally oppo ite. or ;; 7 and 5. the cal ulated
t th thickness i. ba. ed n the average f all
. even and five span measurements, re pe ti el •
provided that th variati n around the g [If is
inu aida!'

It i pertinent to n te that the pin method is n t
appli abl to profile mea urement on f rm d
gearing, in e the profil err r can be quite dif-
fer nt on diametri ally ppo ite teeth.

B ic com try
From Figure 4, it i en that the. pan dimen-

sion aero II teeth is M ;; (II - l)Pb + tb•

where

and

that

rom Figure 5, it i een that the

--.l!..-+ill
2

2r

Richard l Thoen
i a COli ultant !pl' talizing
in medium- and fi'll'.pilclt
gearing. HI' i. tne outhor of
several articles and /XlJNr.
all mea urement, involute
mathematics, tall neal
tolerancing and other
gearing subject ,

WWW.poW8rrransm/ss/on com' www.gearrechnology.com' GEAR TECHNOLOGY· SEPTEMBER/OCTOBER 2002 43

http://www.gearrechnology.com'


the basic tooth thickne , namely, where M is the pan measurement and M
b

i the
basic pan dimen ion. namely, that for tll ;;;;0 in

tithe deviation from +, 0 that Equation I.
It is important to remember that the profile

error i the variation in 1i1/2 from roj to rif' not a
particular value from quation 4.

where d = d/cos¢. For example, given that N = 44, ¢ = 200
, I;;;;

Then, ub tinning for tb• the pan dimension 0, '01 = 0.575, 'if = 0.525, and a diametral pitch
become that i mi takenly 40.2P in tead of 4OP. Find the
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Figure 5-De~ialion from basic tooth thickne s,

.575

.565

.535

.525
.0004 .0006 .0008 .0010 .0012 .0014

l!.t_/2

Figure 6-Profile error obtained from
urements.

Table I
402P 40P

M fc M& '0 M/2
n Eq.1 Eq.3 Eq. 1 Eq.3 Eq.4
7 0.49266 0.5702 0.49513 0.5731 ~.00123
6 0.41923 0.5553 0.42132 0.5581 ~.00105
5 0.34579 0.5425 0.34752 0.5453 ~.OOO86
4 0.27236 0.5320 0.27372 0.5346 -0.00068
3 0.19892 0.5238 0.19991 0.5264 -0.00050

where-P-i
2

p 1td
-=- and
2 2N'

It
'tb ;;;; inve1> + ---- +

2N

tll

d

M;;;; db [( n - +) ~+ inv<!> ] + tJ.t co <1>. (1)

An examination of igure 4 how that

M=2j,/-r/ .

Equating thi equation to Equation I and olving
f r n, the number of teeth to span i

n = ~ [ ( ~ Y- I - inve1> -1-] + 2' 2

To find the range f f1, Equation 2 is olved for
'c;;;; rof and rc;;;; 'if' where rof i the outside form
radiu (minimum outside radiu Ie chamfer r tip
round), and rif is the in ide form radiu (lowe t

point at which the mating gear can make c ntact),
In Equation 2 the n for ra = rol is rounded

down, and the n for ra = rif i rounded up both t
the neare t integer.

The radiu to the point of contact i ,as een in
Figure 4,

r =a (3

A mentioned earlier, the calculated tooth
thickne for an imperfect gear is not the arne for
all span measurements. Specifically given a pan
measurement (M), the lit is calculated from
Equation 1. However, as seen in Figure 5, the tll/2
i a circular arc on the reference circle. not a nor-
mal to the involute at radiu ra (Eq, 3). Even 0,

in Equati n 1 the tllcoS¢ = tllb where tJ.r/2 i
normal to all pint. on the involute' that i , in

igure 5 the arc !J.tl2 and t/2 ubtend equal
angle, namely,

where from Figure 5 the rcoS¢ = rb, so that
tcos¢ ;;;;litb . Thus, the equation for tll/2 i

ply
im-

(4)
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profile error relati e to the 40P. From Equation
2, for 40P the n = 7.1 and 2.8 for 'of and 'if'
re pectively. See Table I for t!J/2.

The 'c for 40P i plotted against t!JJ2 in
Figure 6, which hows a profile error of 0.00079
between 'of and 'if' The exact profile error, as
determined from enlarged layouts (Ref. 12), is
0.00076. Thus, for thi idealized example, the
error in the pan method i OO3,orסס.0 only 4%.
The rea on for the discrepancy is that in practice
the rc i known for the perfect gear (40P), not for
the imperfect gear (40.2P). 0
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_____________ INDUSTRY NEWS

Gear Industry News
Longtime President of Star

Cutter Dies
Norman Ballard Lawton. president of

Star Cutter Co. for more than 50 years,
died June 29. He was 88 years old.

First located in Detroit Star
Cutter was started in 1927 by his
father, Howard Lawton, and Frank
Burges and had 10 employees.
Norman Lawton became president of
the cutting tool company in 1945.

While he was president. Star
Cutter grew to a company with more
than 900 employees working in plants
in several states. Also. the company
introduced many practices and inno-
vations to cutting tool manufacturing
and patented advances for producing
metal cutting tools.

Mr. Lawton was born June 25,
1914 in Athol. MA. While he was a
child. his family moved to Detroit.
He later studied engineering for three
years at the University of Michigan,
located in Ann Arbor, MI. With the
outbreak of World War II, Mr.
Lawton returned to Detroit to work in
his father's business.

His surviving son, Bradley L.

Lawton, succeeded him as president
of Star Cutter Co. in 1995.

Founder of Barit
International Dies

Alexander Polevoy, founder of
gear cutting tool company Barit
International Corp .• died June 22 of
lung cancer. He was 57 years old.

Mr. Polevoy started his career in
the gear industry after graduating in
1969 from Minsk Polytechnic
Institute, located in Minsk, Belarus.
He graduated with a master's degree
in mechanical engineering.

Born August 10, 1944 in Moscow.
Russia, he immigrated in 1978 to the
United States. Once in America, he
worked at Overton Gear & Tool
Corp. of Addison. IL, rising to the
position of chief process engineer.

In 1989, Mr. Polevoy left Overton
and founded Barit International
Corp. Based in Northbrook. IL. Barit
provides gear cutting tools.

Mr. Polevoy served as president
of Barit until he died. His son
Vladimir succeeded him a president
of Barit.

Philadelphia Gear Appoints
New General Manager

Philadelphia Gear Corp. of
Norristown PA, hired John Maskaluk as
general manager of its we tern region,
headquartered in Lynwood, CA.

According to the company' pres
release, Maskaluk will manage the com-
pany's manufacturing and service center,
overseeing its transition toward a more
customer-centered bu iness modeL

New Director of Metrology for
Process Equipment Co.

Mark Cowan was named director of
metrology of Proces Equipment Co.,
which manufacture gear mea urernent
systems in Tipp City. OH.

Among his new responsibilitie will
be managing the oftware development
for the Windows-ba ed Next Dimen-
ion gear mea urement system.

Cowan has held technical positions
in the gear industry for 19 year .

Chicago Gear Acquires
Franke Gear Works

Chicago Gear, a sub idiary of D.O.
lame Corp., acquired Franke Gear
Works of Chicago, IL.

Bourn & Koch, Star-SU Divide relating to the manufacture of Fellows Franke will continue to pecialize in
Assets of Fellows Corp. gear shaper cutting tools, including manufacturing preci ion ground racks

Bourn & Koch Machine Tool Co. inventory and work-in-process. Star-SU and double enveloping worm et.
and Star-SU Inc. bought the gear shaper will continue to manufacture Fellows In its pres release, Chicago Gear
machine tool and cutting tool manufac- disk-type, shank-type, fine pitch, special said thi acqui ition adds gear grinding
turing assets of Fellows Corp. and cam shaper cutters using the capacity to its recently purcha ed Nile

According to Star-Sl.I's press Fellows/Star-SU name. Kopf grinder.
release, the assets related to the manu- Both companies entered into a gener- Chicago Gear manufactures gears
facture of Fellows gear shaping rna- al marketing agreement. Star-SU will and gearboxe and i located in
chines, involute/lead masters and related promote, represent and sell Bourn & Chicago. IL.

products, part inventory and work-in- Koch-built Fellows gear shapers Yell Us What You Think ...
process were bought by Bourn & Koch of through Star-Sl.l and Bourn & Koch V"lSit www.gurtBcJmoIogy.cDllfto
Rockford, IL. Bourn & Koch will contin- distribution channels. • Ratethiscolumn
ue to manufacture Fellows machines and Fellows Corp., previously owned by • RequestmoreiIIIorm8Iion
parts from its Rockford facility. Goldman Industrial Group, ceased oper- • ConIacttheCOIllpanielmentioned

Through Bourn & Koch, Star-SU of ations on Feb. 13 and filed for Chapter • Mekea IUlIgeslion. of...e...-t
. . Orcall 07-&4 toII 10one OlI'_aHoffman E tates, IL, acquired all asset 11 bankruptcy protection.
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Greater Columb Convention Center s Columbus, Ohio > Octob r 26 - 29,2003

Want better
performance
from your
cutting tools? •I

C cab e's CPM h-gh speed steels can give you
t e edge you're looki 9 for!

CPM(CnJclbleParticle rgy)Proc_
resuns In a homogeneous mICroStructure with a uniform
diSlribullOl'\ 01 extremely fine carbides as shown below:

" you WMt better perlOffJWltCe from your ~ ~,m I
mIll., .II.apers, .,..~.,. tH oUt« cutting tool by our CPII ft

-" ,."•. . -.. .. -..~..~--'\ ....•...
. ~ .-.:j • ;

••• " •••• WOo _. _....• _ ... , ...

CPMM4HC

CPM Aex45

C"'" HIghSpeed Convention I High Speed

CPM offers real advantages for:
ToaIlMmI; $lprIcr_ -.c._ nqw-. Lmger milo.

Be r 1001pertlnnonca u-r r&<SIlarpermg.
TODI : ~ Ir"-*Y ea- _ bBBIresponse.

_ ••••• ctlIngo tlralllllrogL

A boost in wear resistance over M2 and M3.
COba~grade lor higher red hardness end
better wear resislance than M35 or M42 .

CPM Rex 54 M4 plus CObaltlor added red hardness.

CPM R X 20 CobaIl-lree I:U perbms 1(8 CPM AEDC 45.
CPM Aex TiS High vanadium provides abrasion resistance

lor edge retention In cutting difficult materials.
CPM Ae. 76 Superior red hardness for hIgh cutting speeds

with abrasion resistance like T15.
The ultimate In wear resistance and red hardness.
HAC> 70. SIDable for dry cuttng. Alternative to C8Jb1de.

CPM fll'lI ••• ,.. .'.0 "".11" in t H$* (Hlslft Sulfur'
modinc.tJonlor bett m It ,Ity It". ired.

CNc·ble ...
The Tool Steel prose

To find the Crucible Service Center
nearest you please call: 800-365-1185
or visit: www.crucibleservlce.com
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PRODUCTNEWS I

Products for the Gear Industry
Induction Hardening Tool for

Gears from Quantik
Quantik corp. introduced an induc-

tion hardening machine tool for gears
that i programmable from a CNC con-
troller and pendant.

Tolerances of 0.0 I" are programmed
and held during production. The com-
puter memory can tore as many pro-
grams as there are gear size to run. The
computerized controller allows various
combinations of teeth/roots to be
processed in both internal and external
modes. After gear faces and roots are
hardened, the unit automatically goes
into position to scan harden a ball race-
way if programmed into the cycle.

The induction cycle can be executed
in a ubmerged or pray quench condi-
tion with recirculating controlled tem-
perature fluid for distortion control.

For more information, contact
Quantik Corp. by telephone at (503)
654-4264 or on the Internet at
www.quantik.com.

Integrated Geared Pulley Drive
System from Alpha Gear Drives
The LPB Integrated Geared Pulley

Drive System from Alpha Gear Drives
wa de igned to be integrated with linear
motion applications.

The gearbox has a flange output,
which allows it to be nested inside the
pulley and eliminates the need for a right

angle gearbox, coupling and additional
bearings. The product is available in
sizes 70-120 mm with ratios of 1:1, 3:1,
5:1 and 10:1.

According to a company press
release, it design reduces package size
and installation space requirement .

For more information, contact Alpha
Gear Drives Inc. of Elk Grove Village,
IL, by telephone at (847) 439-0700 or
on the Internet at www.alphagear.com:

Gearmotors and Reducers from
Cone Drive

The Series M range of helical inline
gearmotors and reducers has been
rede igned to provide a compact drive
solution for OEM and handling and con-
veyor manufacturers, as well as a variety
of industries including energy, pulp and
paper, water treatment, oil and ga .

A key element in the units i the
motor connection, which offer the
option of fitting any standard electric
motor. The patented motor adapter sy -
tern mean the range accept all sizes of
tandard NEMA and lEC flange-mount-

ed electric motors without the need for
modifications or interface connectors,
according to the company's press release.

These motors can meet most require-
ments up to 120 hp or 90 kW with a
maximum output torque capacity of
97,350 lb.-in. (11,000 N-m).

For more information, contact Cone
Drive at (231) 929-8355 or on the
Internet at www.textronpt.com.

New Gear Inspection Systems
from M&M Precision

M&M Precision System Corp. of
Dayton, OH, introduced two new gear
inspection systems: the Microtop CNC
and the Sigma Serie .

The Microtop provide full four-
axis, Window ®-based generative
measuring capacity. The shop hardened
system is de igned for modern manu-
facturing cells and offers the arne
analysis capability for parallel axi
gears, worm and worm haft as the
larger Sigma Series Machine.

The Sigma 3 and 7 Sy tem combine
four-axi generative motion with 3-D
probe technology and high peed linear
motor direct drives. According to
M&M Precision's press release, the e
machines come standard with
Window ®-ba ed inspection software.
In addition to complete analy is capa-
bility for parallel axis gears, applica-
tion-specific software modules are
available for eros -axis gears includ-
ing bevel, piral beveL and hypoid
gears, a well as worms and worm
haft, gear cutting tools and other

rotating components.
For more information, contact M&M

Preci ion Systems by telephone at (937)
859-8273 extension 8969 or 8967 or on
the Internet at www.mmprecision.com.

Tell Us Whet You Think ...
VISit www.gellt8ClHroIogy.ctllllto
• Ral8lhis coIl1111l
• Req.a1llOl1l inlomletion
• Contact CCIIIIpInillllllllllioned

• MIle, • nggestion
Or cal {M7)437.- to talk to ••• of _ tditorIl
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ADVERTISER INDEX
USE RAPID READER RESPONSE to contact any advertiser in this issue

~.geanechnolog~comVrrr.htm
Rapid Reader Response: It's FAST! It's EASY! It's ONLY ONLINE!

Advertiser Page Phone E-mail Inlemel

Aero Gear Inc. 21 (8601688-0888 buygears@aerogear.com l'IWW.aerogear.com

AGMA 47 f7031684-021l gearexpo@agma.org I'IWW gearexpo.com

American Metal Treating Co. 51 (2161431·4492 mark@americanmelallreatingcom I'IWW americanmetaltrealing.com

Arrow Gear Co. 4 (6301969· 76411 bevels@arrowgear.com www.arrowgear.com

AJW Systems Co. 13 12481544-3852

Banllmema~onal Corp. (8471272-8128 people@bant.com www baritcom

Bourn & Koch Machine Tool Co. 21.50 (8151965-4013 bournkoch@Worldnetatt.net l'IWW.bourn-koch.com

The Broach Masters IncJUniversal Gear Co. 21 (5301885-1939 saleS@broachmasterscom www.broachmasters.com

Colonial Tool Group Inc. 19 (5191253-2461 bmfroats@mnsi.net www.colonialtool.com

Crucible Service Centers 41 (8001 36So1185 crucible@crucibleservice.com wwwcrucibleservlce.com

Dr. KaIser IS.L Munson) 20 (8001775-1390 inlo@slmunson.com

Dragon Precision Tools Co. lid. 22 (4401331·0038 gallencohsn.com www.gallenco.com

(Greg AI en Co.1 www.dragon.co.kr

Dura-Bar 10 (800) 227-6455 I saleS@dura-bar.com www.dura·bar.com

(815)338·7800

Enplas Inc. 18 17701795-1100 saleS@enplasusa.com www.enplasusa.com

Fassler Corp. 45 (4141769-0012 fasslerCexecpc.com www.taessler-ag.ch

Gleason Corp. IFe-I.SO (5851473-1000 dmelton@gleason.com wwwgleason.com

Gleason Cuning Tools Corp. SO,51 (815) 877·8900 dmelton@gleason.com www.gleason.com

Index Technologies Inc. 51 1440) 895·4627 gallenco@msn.com

Insco Corp. 26 (978) 448·6368 seleS@inscocorp.com www.inscocorp.com

Interstele Tool Corp. 51 (216) 611·1077 www.lnlerstatetoolcor.com

IlW Heartland 28 (320) 762·8782 Itwgears@rea-alp.com www.itwgears.com

Kapp GmbH 6-7 (303)938·9737 IOfo@kapp·usa.com www.kapp-usa.com

Klingelnberg·Derlikon (734)429·1225 klaus.singlerClgtliebherr.com www.klingelnberg.com

Koepfer America LLC. 51 (8411931-4121 salesCkoepferamerica.com www.koepfaramerica.com

Koro Sharpening Service SO (763)425-5247 steve@koroind.com

Kreiter Geartech 51 (713)237.9193 kreiter@kreiter·gearlech.com www.kreder-geertech.com

leCounllnc. 23 (llOO)642-6713 sales@lecountcom www.lecountcom

(8)21296-2200

liebherr Gear Technology Co. 14 (7341429-1225 mfo@lgtliebherr.com www.liebherr.com

lMT-Fette 17341429-2095 Imtlene@lmtlette.com www.lmlfette.com

Midwest Gear & Tool Inc. 2B 15861754-8923 rosscrCanglobal.ne,

Midwest Gear Corp. 51 (3301425-4419 ronh@mwgear.com www.mwgear.com

Nachl Machmmg Technology Co. 17 (5861263-0100 sales@nachimlc.com www.nachimtc.com

Niagara Gear Corp. 51 (llOO1447-2392 mfo@niagaragear.com www.niagaragear.com

(716) 874-3131

Okamoto Machmery Co. ltd. SO (8471520·7700 hkojlme@okamotocorp.com wwwokamoto-kouki.co.jp

Perry Technology Corp. IBC (8601738·2525 sales@perrygear.com www.perrygeer.com

The Purdy Corp. 12 OOסס-8601649) seleS@purdytrensmissions.com www.purdyuansmisslons.com

Raycar Gear & Machine Co. 50 (8151 874-394l1 saleS@raycargear.com www.raycargear.com

RUSliell, Holbrook & Henderson Inc 23 (2011796-5445 salesCtru-volute.com www.tru,volute.com

Star-SU Inc. 51,BC (8471649-1450 saleS@star-su.com www.star-SU.com

SU America Inc. 3 (8471649-1450 saleS@Suamerica.com WI\'W.suamerica.com

United Tool Supply 26 (8001755·0516 unitedtooll@aol.com www.unite-a-matic.com
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CLASSIFIEDS
HELP WANTED

SALES ENGINEER/REP.
Qualified, seasoned sales pro. with twelve
years experience selling gears, pinions,
racks, boxes, and p.t. equip. Can do
Multi-State Territory with double digit
growth responsibility. 412·635-7332.

Milwaukee Gear is 8 leading manufacturer of precision
gears and drives. We are seeking a highly Qualified sales
protessonal to become part of a strong, established compa-
ny. The ideal candidate will possess:

• Excellent oral find written communication skills
• Must be a goal· oriented team player
• Highly motivated, self starter
• Solid computer skills
• A proven record with 1 to 10 years of highly successful
industrial gear salas experience to OEM's
• Ability to meet new people and Quickly build strong CU$~

tomer ralationships
• A solid technical background
• Availability for navel
• Bachelor's degree In mechanical engineering

This IS truly e unique opportunity for tha right individual w~h
ambition, cemmltment, viSion, and strong organizational,
analytical, and relationship skills. Our compensation pack-
age IS very negotiable and will be spacifically designed to
the needs of the successful candidate end goels of the com-
pany. In addition, the company provides a generous med-
IcaVdentsl plan and retirement benefits.

Interested candidates should email, fa., or send their
resume. complete with salary expectations to:

MilWAUKEE GEAR COMPANY
5150 N. POll We.hinglon Rd,
Milwaukee. WI 53211
E-mail: hrd.pt@milwgea ••com
Fax: 414-962-3554
Equal Opportunity Employer

MILWAUIC. ••
a_A ••

GEAR lVIFG.

~ are the 60Utce for qlMlily
gears. From c!esignto .

llllinvfactun , .. to delivery,
count on

Okamoto Machinery
for your demanding precision

gear and reflted power
lrBnsmission ptrKIuct8.

Look to us *the fiMSt
PNcision0-,. .••
• SplrallleYel • Worm

• Spur & Helicll • Splines
Custom dHign urvke

HIgII productJon ~I/Iy
Unm4l~ quality. SBVice 01JUppoI1

Rep lnqurries lnvited'

calltode~
Oumoto Mtldtlnery

847-'20-7700 en. Us
www.oumoto-k_kJ.co.Jp

R.a1f5-Line CIL\Stf"~ I'" minimum. $325. Additional lilleJloS4S per line (8
li~ per IJKhl. Db-pia) Classified. ]~ minimum; IX-Sons. lX-$68.S per
insertion. 'X--$64~ per ill!iCrti<Jn. AdditIOnal per inch, IX-S2~5. 3 -
S233 per InWnlQfl., 6X-$225 pet" In'O;Cl1ic:ln. Color Classlned: Add $1.50 per
Im.en.ion ror color. GNT Trdurolull) w,1I .set Iypt 10 ed v ~nlser·s 13YUUI or
design II ctassified ad at no eatn a dwJc. PM,yment:: full pyml:nt. TRISC.acoom-
pany c~fled ads. Seod dw:d\: drawn in U.s. fu~ (Ill a U.s. bank or
VisalMiaSletCatdIAmfflcBrI &press J1uJllber and exPlffilloo dace to GNT

Tnmolog\'. P.O. Box 1426, Elk Grove ViIbgc.IL6(0)9. A~ CIlb;wIHioll
No ogcnq mmmISSnl on classlflCd D. MIl1eri.IIIl.'I 1kMdtl.nt: Ad!; Illlbl. be
received by the 15th oflhc month. fv,.,;)DlOI1lM prior to ~ A~:
Publisher resct'o 0 tilt right 10 II:Cqlt or l'C'jea lIdveftisel1l1:'Us ar. hi diSCltlJOl'l.

\VEBSITES SERVICE

As the purchaser of the
FELLOWSProduct line,
we can offer you PARTS,
SERVICE,SUPPORT,
NEW FELLOWSgear
shapers and remanufacture/
retrofit of your existing
FELLOWSmachines from
many of the same professionals
you have worked with in the past.

a
BOURN
&KOCH
Phone (815) 965·4013
Fax (8151965·0019
bournkoch@worldnet.att.net
WWW.bourn-koch.com

GEAR INSPECTION
• Helical/spur/worm wheels
• 24 hr turnaround

Hob/Shaper Cutter
Sharpenfng Service

• Up to 10" dia x 12" length
• Rapid turnaround

Calibration of your
Gear Inspection System

GLEASON CORPORATION
(;k~l""lill r-, Illl' world -, mo ...•1l·0111pI'L·hL·n ...•ivc

rl· -,IIUl"l·•..: Jill ~l·~lr rll;IIIlILIL1tJnn~ Il'dllhl]li-

~\. \\c 1)1lcr ;1 ll)llII'IChclhl\" :,',';01 c'lIllill~
1I1~1l"lJill"'" plt)~I'~11l1 tor l'\L't") ~L';lr IIDhhill~!.
Illillill:,' .uul .~Imdill:,' al'l'lllall"lI lur ,\ lin-
dric.rl ;"ld h"IL'1 :,"';0". ·111 lc.rrn III'tt,· ;o"'tllI

oru prlltlUL"h .uul ....L·I"\ il·l· .... ()I" II) filld ,,\..'~

UlIlI;1l1 ," 1II II11aIII '11."~'I' 1I1I1 W"h "II'

www.gleason.com

~.=..--::-..::_-
s::~=-=
=~'='-":1,"-
~-..="':"'.:

BOURN
&KOCH
Ph: (815)965-4013
Fax: (8]5)965·0019
2500 Kishwaukee St.
Rockford, IL 6]]04

Ph: (937)859-8503
Fax: (937)865·0656
351 Fame Road
Dayton, OR 45449

H08 SHARPENING
(763) 425-5247* THIN FILM COATINGS *

HSS & Carbide up to 5" Dia.
Straight Gash,

Sharpened & Inspected
Per AGMA STANDARDS

Quick Turnaround'---I

KORO SHARPENING SERVICE
9530· 85TH AVENUE NO.

MAPLE GROVE, MN 55369
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SERVICE

Sharpening Service
for hobs, milling cutters

shaper cutters, shaving cutters.

5200 Pra rle Stone Par1lway. Suite 100
Hoffman Estat s. IL 60192

Tel.: (11047)649 -1450 - Fax: (11047)649-0112

2083 W.M·55, Wesl Branch, MI 48661
1-3811-Resharp 1-338-737 -4277

rei.: (989) 345 -2865 • Fax: (989) 345-5660

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

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 .50P-100P, up to
15 tons, 200· diameter.

American Metal Treating Company
Cleveland, Ohio

Phone: (2161431-4492· Fax: {2161431-1508
Web: www.llmericllflmetaltreating.com

E-mail: mllrlc@lImericllnmetaltreating.com

Breakdown Service Available

HOB SHARPENING
DEX ECHNOLOGIES

c eAGMA
"to ,';t 1- Class AA

o • Helical
0/1 r; ;- • Skiving
~ I "D • Carbide

-up to 1.25 N.D.P. capacity
-recoating & stripping of all
coating types

-rapid turnaround
Index Technologies Inc.

21135lorain Road
Fairview Park, Ohio 44126

Phone: 44().B95-4627IHOBSI
Fax: 440-331-0516

Email: gallenco@rnsn.com

Gleason Cutti 0015
COR P 0 R AT ION

1351 Windsor Road
Loves Park, IL 61111 USA

Phone: 815-877-8900
Fax: 815-877-0264

Website: www.gleason.com
E-Mail: gctc@gleason.com

• State-of-the-art CNC sharpening
and inspection machines

• Wet grinding with free-cutting CBN or
diamond wheels for "Burn free" sharp-
ening of carbide or high speed steel

• Optional recoating and stripping

• Rush service available

Koepfer America, LLC
635 Schneider Drive
South Elgin, IL 60177
Phone 847-931-4121
Fax: 847-931-4192

saIes@koepferamerica.com

GEAR TOOTH
GRINDING SERVICES
Spur - Helical - Double Helical

Capacity up to 60S D.O., 1 D.P., 29"
Stroke. All ground gears certified up to
AGMA Class 14+ on Zeiss-Hofler 1602
CMM. Inventory of grinders includes
Hofler BOO,Hofler 1253Supra, Hofler 1500.
two Hofler Nova CNC ll100s (FuIiV CNC
with on-board CMM checker). and
Hofler Rapid 1000Form Grinder.

Kreiter Geartech
2530 Garrow St., Houston, TX 77003
Phone: 713-237-9793 Fax: 713-237-1209
Contact Mr. Willie Whittington
Visit our Website at
www.kreiter-geartech.com

• Spur. Helicaland Pump
Gears to AGMA Glass 15

• Featuringthe latestgrinding
and GNGtechnologyincluding:
• ReishauerRZ300EElectronic

Gear Grinders
• GleasonTAG400 CNG.B-axis

High ProductionGear Grinder
• FullCNC Multi-axisCylindncaJ

Grinding(Internaland External)
• High PerformanceGNC Hobbing

• ConbnuousProcessImprovement
UtilizingSPC and QualityPlanning

• JIT Deliveryusing InnovatIVe
StockingPrograms

800-447-2392
FIX: 716-874-9003
www.nlagaragear.com
emall:lnfoOnlllllrageer.com

~
INTERSTATE TOOL CORP.

CLEVE~OHIO

CUSTOM ENGINEERED &
MANUFACTURED CUTTING TOOLS

ESTABLISHED 7960

FORM REUEVED & PROFILE GROUND
MIWNG CunERS

GEAR SHAPER & SHAVING CUTTIRS
All CLASSES OF HOBS

HS5. SOUD CARBIDE & CARBIDE TIPPfD

WHETHER YOU NEED NEW TOOLS,
MODIFICATIONS, RESHARPENING.
REPAIRS OR M&M INSPECTIONS,

CONTACT US FOR A QUOTE TODAY!

www.itrterstlttrltoolcor.cDIII
Tel: 216-671·10n. FIx: 216-671-5431

GEAR TOOTH GRINDING
Spur· Helical

• Herringbone (with groovel
Capacity up to 63" 0.0 .•

1 D.P., 11i' face

AGMA Certification Inspection
Delivery to Meet Your Requirements

Midwest Gear Corp.
2182 E. Aurora Rd.

Twinsburg, OH 44087
Phone 330-425-4419

Fax ~425-8600

Direct your inquiries to
Ron Humphrey, General Manager

ronh@mwgear.com
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ADDENDUM

Gears of
A D ss

obody sure what went on in Hearthside Homes Teal estate develop-
Bol a Chica, CA, when gear- ment company hired archaeologists to
haped stones were used there prepare the land for groundbreaking.

8,700 years ago, but a popular More than 1,000 cogged tones were
belief is that at least some activity discovered at Bolsa Chica during the
revolved around manufacturing. excavation project.

"A few (stones) were found with Because there were no markings or
human remains," ays Patricia Martz, signs of wear on them, archaeologists
an archaeologist at California State conjectured that they might have orne
Univer ity who researched the findings kind of tribal religious significance.
at Bolsa Chica because of her interest in Mo t of the stone were found on the
preservation. "A few were found buried surface of the burial ite, According to
and some of these displayed variou speculation, they were placed above the
tage of manufacture. Therefore, it is cemetery for symbolic purposes, says

thought that the site was a manufactur- Martz.
ing and distribution center for cogged Another facet of the mystery is that
stones, because of the unfinished ones they were found in stacks two to three
and becau e so many more have been stones high, says Chris Moser, curator
found at thi site than el ewhere in the of anthropology at Riverside Municipal
region." Museum in Riverside, CA.

Thousands of such stones have been "It could mean a lot of different
found at The Bolsa Chica Mesa, which things," he says. "They could have been
overlooks the Bolsa Chica wetlands and used a ritual object or as weights on a
the Pacific Ocean at Huntington Beach, fishing net. We'll never be able to know
CA. Some of them were shaped like for sure."
gears and other were shaped like stars In the 1920, Samuel Evans, then
and donut. Officially named CA- mayor of Riverside, took it upon himself
ORA-83, the mesa also contains arrow- to solve the mystery of the cogged
head, beads, fish and animal bones, stones. He placed ads in new paper
hellfi h, fishing equipment, crystal, soliciting geology experts and contacted

and plummet and charm tones that local collectors and Native Americans
were collected by early archaeological for their help. He never reached any con-
investigators. Cogged stones were elusion and died in 1932.
found along the Pacific eoa t and the ot all the cogged stones are in
Santa Ana River. Similarly contoured museums, but they have all been
stone were found on a site called removed from Bolsa Chica through the
Quebrada La Conchas in Chile. The development process, according to
stones at both sites dated back approxi- Martz. After the archaeological team
mately 8,700 years. analyzed the stones, they turned them

The stones were unearthed as far over to an archaeologist with a private
back a the 1920s when archaeologists rock collection. An album of slides and
first began combing the Bolsa Chica photos of the cogged stones exists at the
territory. Approximately 20 years ago, department of anthropology curation
even more were discovered when the facility at California State University in
52 SEPTEMBER/OCTOBER 2002 • GEAR TECHNOLOGY' www.geartechnology.com· www.powerlransmisslon.com

Long Beach, CA.
The land, devoid of its cogged

stones, oon will be split between the
wetlands and an Orange County ubdi-
vision. Though the 1,200-acre wetland
area has protected historical tatus, a
real estate development group plans to
build 388 tract home on the upper part
of the Bolsa Chica.

The cogged stones may not be
around for rock enthusiasts to dig up
anymore, but at least some of the stone
are being preserved for gear aficionados
everywhere. 0
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