




Glea.son IPhoenii1,- 6 ...Ax:iis
CNC Cutting achine

Gleaon ...IHUR,THIZS130lT C.I C
G,earShaving _ achine

Pf'auler P601 Hori'zonlal
Mobbing _achine

The pOW1_r 1.0' _,Ia'_hbevell
gear production co ts",..
POWER CUTTING'" combine advanced new tooling,
innovative chip removal,and all the performance benefits
of the Gleason PHOENIX· machine to do beveland
hypoid gear cumng with five limes the urface peed of
conventicnal cutting. Face hobbing and face milling on
gear and pinion can even be done without coolant, a
chips are dry and easy to recycle, parts .are clean, and your
work area's dry and afe,

The powe', to ,cut _having
time iin hallf"""
A speed gear that' converuionally plunge shaved in 24
seconds can now be POWER SHAVED in just 12 seconds.
The new Gleason HURTH .ZS130T greatly reduce
unproductive "auxiliary" Limes - while raising machining
speeds and feeds to new levels.

Th -- -- -I- ..---ra - f· -ere power _0 Imp __ ve _lin_1_'
pilch gear hobbling•••
The new Pfauter P 60 Horizontal Hobbing Machine i
equipped to make vast improvements ill your filler pitch
gear hobbing operation. Hob and workpiece peeds are
much higher. Very fa t gantry load/unload help. reduce
unproductive non-cutting times. And POWER L' -B___
COATfNGS" make wet or dry bobbing with either carbide
or HSSareality.

Bevel Gear I

Technology
Semilnar 2000 I

Everything you need
10 know about the
latest in bevel gear
technology,

Register now for the
June seminar at
Gleason Headquarters
in Rochester, NY.

1000 University Ave., P.D. Box. 22970
Rochester. NY 14607-1282 U.S.A.

Phone: 716/473-1000 Fax: 7161461-4348
Web site: www.gleason.com
E-Mail: ales@gleason.com
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JD-150CNC

PARKER'S FULL CNC
GEAR HOBBING

MACHI E.
Spec.ially Designed With A
High Degtee Of Flexibility
FOt,Geall'loductio.n.

• Malx. Gear Diameter 6"
• Ma.x. Gea!r F,aCBWidth 10"'
• Max. Pitchl4 Mlld/6DP
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"You can teach an
old dog new tricks!"

SAM,PUTE,NSI,LI R11370'
G arl 'andi Thread Gr;in,cler

• Imegrated dressing systems fo1' ceramic or dressable eBN wheels for unlZ"mited U'beelprofiling
• Integrateel tnspedion system for lead inl'Oitlfe and index dJecking

dU7111g lbe work cycle
• Flexibili{}1

Bxtema! Gears
Internal Gears
Rotors
Worms
Screus

• F01'111 Grinding
• Unlimited Forms
• Higb QualilJ'

(me/Hnts/)
.' No Helit Angle Limilation
• Prototype or Large lot Sizes

===-..:l,_Sllll =

P.O., Box SO
1 , 71'5 Main Street
Ro'scoe, It 611O'73~00801
P,h.: (81S) 623-,2M8
Fax: 18,1,5) 623~6,20
www.fcgear.com

IS09002 . ~l
Registered * ~. Fred Young

President of
Foresl City Gear

@' an5 Capital Avenue
Oak Park, MI 48237
Ph.: (248) 548~7177
Fax: (248) 548~4443
E-M'ail: saJes@suameriCBI.oomUMPUrINSUI
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AGE EA T
M OSI Navy brass would ay that Commander D. Michael

- - - Abrashoff ran ,a loose 'hip. BUI his style of empowering

his crew by delegating authority is 'changing the way the Navy

thillk about. management. His speech atthe recent annual meet-

ing of the American Gear Manufacturers Association offered a
simple, common-sense appmach that can be applied not ollly to Ii

.mnning amp. but also '10 gear manufacturing or any other
induslfy. I

Abrashoff's management tyle went against hundreds of
years of naval tradition. A commanding officer of th 300 I

ailors aboard the USS Ben/old. he sought to focus on the pur-
pose and performance of the entire ship rather than on the chain
of command. He did so by asking quesuons, probing his crew
for idea about what would make the ship more efficient, pro-
ductive and combat-ready-never mind what it said in the Navy

rule beok, He wanted to know how 10 make every process 'on the
hip better, and he found thai me people performing each

proce be t knew how to do this. He called it seeing his ship
through th eyes of his crew.

Abrashoff found Ibatmany of the sailors grumbled about
orne of the tediou chore onihe ship. One cfihosechores was

the scraping and painting of me constaruly rusting ferrousbolts
and other hardware on the deck. Since that'sthe waylhe Navy had

alway done it, no one had ever tried to find an alternative. After a

suggestion from one of his ere members, Abrashoff had every
nut and bolt replaced with stainlc steel. Now. the crew no longer
has to crape and paint the hardware. This gives them more time
to' work on what really coums=-ccrnbat readiness.

People gain job ali faction a number of ways. and manage-
ment often overlooks many of the most important of them ..

AbrashofI polled his crew and made a list of the things Lhey
wanted ou: of their jobs. They said they wanted to belistened
to. they wanted to be treated with re pect and dignity, they
wanted to know that their jobs have some impact. and they

wanted to be told iliey're doing a good job. Of ecorse, wOT~ers
al 0 want to be well paid. but a cording to Abra hoff' survey.

pay w a urprising number five on the list. Thereare far bet-
ter way to motivate a crew, he says.

For example, Abra hoff told a _tory about a young man in
his crew who was constantly in trouble. He lacked responsibil-
ity. discipline and a sense of purpose, Instead of berating the
crewman or calling bim out 'i,n front of his peers. Abrashoff
wrote a leiter to the young man's parents, telling them what a
valuable member of the crew their !>01Il was and wbaran impor-
tant contribution he was making [0 the success of the hip.

Shonly thereafter, the sailor came 10 Abrashoff. The young man

had ju t poken 10 his father, and as itnirns out, it was the first

time his father had ever told hi on thai he was proud of him.
Abrashoff never had a problem with the young mall ag,ain.

When Abrashoff took over the Ben/old. the ship was one of
the lowest rated :in the Navy ..The crew suffered from low morale

and, had poor performance rating . The entire Navy ha had 8.

hard time recruiting and retaining ailors, but the .Benfold had
one of the lowesr retention rate in the neel.

The re ults of Abrashoff's changes, have been dramatic.

The Ben/old is still one of the most sought-after transfer' in
the fleet, On average, only 54% of U.S. Navy sailors lay with

the Navy after their second lour of duty. Under Abrashoff.
100% of his sail.ors signed on for an additional tour. The ship
has also received numerous awards. including the coveted
Spokane Trophy. awarded '[0 the most combat-ready vessel in

the Pacific Fleet.
I've always considered myself to be a good manager, as

most managers do, in that I try to ee thlngs through the eyes of
my employees. We have periodic reviews with our employees,

and some of the things rve learned about my own operauon
have surpri ed me. For example, everal years ago, our compa-

ny had no an wering machine. We never thought that we might
be mis ing phone calls until one of my employee . ugge ted it.

She was always the first person here in the morningsand would

often field phone call well beror· normal bu iness hours, ]
would never have known about .it if Ihadn't. asked.

Seeingthrough the eyes of your crew is not something that
you should do just atannual review time. To be truly effecti ...·c.
it has to be routine. Withlll any induslry. all managers=-net
only ill manufacturing and
design. but al 0 in mainte-
nance, accounting. market-

ing and order processing-
can usethese ideas to make

their departments combat-
ready,

On a daily basis.
Abra hoff II ed 600 eyes
ratherthan two. How many
eyes are working for you?

~
Micha.el Gold tein, Pu·
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About Ecology and Economy
of Cutting without Cooling Lubricants,

By the end of 1'998, more than 200 minion gears had
been produced on Liebherr machines with dry-cutting
technology.
The revolution is well underway. And it tarted with
Liebherr's introduction in ]993 with high-speed
dry gear hobbing, a giant first step in the direction of
the 'clean factory',
Since then, the Sigma Pool. companies have embraced
dry cutting technology, meeting head-on the economic
and ecological challenge of the new millenium,
Today, Liebherr represents the world's leading builder
of dry hobbing machines. Klingelnberg-Oerlikon
generating machines are efficiently cutting piral
bevel gears without coolant. And the other Sigma Pool.
partners will be putting innovative high-speed dry
cutting systems into practice very soon.-

The Gearing Parloership 'of Klingelnberg, Liebherr, Lorenz and Oerlikon.

For more on the Clean Revolution. contact
Liebherr Gear Technolegy Co.
1465 Woodland Drive. Saline. MI48176
734.429.7225 Fax: 734.429.2294
e-mail: info@LGT.Liebherr.com.
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Deburrin.g Can.
Be a Rear Drag

Deburring automotive transrnis jon
sprockets is a costly. yet necessary process
for producing .hlgh-quality parts. Most
mamuacturers use IImass finishing process
thai involves first placing loose pans in
grinding or finishing media and !hen apply·
.ing a vibratory or rotational motion to move
the media aero s the surface of the parts.

Stackpole's Automotive Gear Div-
i ion. in Mississauga, Ontario. h recent-
Iy begun using a mas fini rung process
Imownas drng tinis:hing. in whichparts are
attached to peeial fixtures and dragged in

planetary motion through the polishing
media. Accordi~g In the maaufacturer of
the equipment. Walther Trowal, this
process increase efficiency and is SIlC-

cessful at debarring contoured parts such
as prockets. while eliminating the pe i-
biJty of parr-on-part contact.

Stackpole manufacture powdered
metal sprockets for the automotive indus-
tty. Their automotive gear divi ion oper-
ates around the dock. producing 20,000
sprockets per day. Each sprocket must be
deburred and cleaned of heat treat scaI.e to
meet CLI tomer pedfications.

Prior to installing two Walther Trowal
TMD 8()..1 drag finishing units. Stackpole
employed ]0 workers per hift to operate
centrifugal barrel mas flni hlng ma-
chines. Today. !he company expects that
they will becapable of tini hiag the same
qllantity of parts with only five employees

hUt. In addition. annual censumable

OaSIS, including Ihe costs of' finishing
media, are expected to be one-third of their
previous cost.

The new machine ill talled at
Stackpole are the first of !heir kind from
Walther Trowal, Earlier versions u ing the
drag finishing principle were capable of
finishing [0....30 partsper hour. However.
the incorporation of an automatic unload
system •.as well as omeadvanees in part
fixruring, have gn:atly enhanced produc-
tion capabilities, say Jeff Puckett, manu-
facturing manager for Wa:l!her Trowal.
Each of the machines at. Stackpole finishes
approximately 500 pieces per hour.

Walther Trowal is a member of the USF
Surface Preparation Group,
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RecuriDyn: The Next Step in
Virtual Pro'totyping

New product development, having
gone from prototyping to rapid prototyp-
ing to virtual pretoryping for parts, has
taken the next tep In virtual prototypil1lg
for whole systems with ml.lltibody dynam-
ic. software packages. While 'they allow
designers to test a ystem under different !
circumstances. the way !bey handle data I
and images has tended to limit their flexi- !
bility. Nowthat has changed. Developed ~,
by Dr. Dae Sung Bae, a professor of I
~e~han!cal. engineering at Hanyang
University In Seoul. Korea, RecurDyn !
offers users more flexible and realistic vir- il
tuaiprolot)1>e than previously po ·sible. '

I
i

Welcometo ,Revolutions, ,the col-
umn thaI brings you the latest
most up-fo-dateand ",y-ID-reld
inlormllt;on "bout the people
and technology 01 theg.ar
industry. RevoMions w.lcomes
vour submissions. PlelS. send
them 10 Gear Technology, P.O.
.Sox 1426, Elk Grove ViII.g., It

60009, fax (HJ} 437-6618 or ,fJ-I1III;I
people@g;eartechnology.com. "
you'd like more information IIbout
any of the Bdiel.s that IIpp.'(,

I please circle file ,appropriate num-
ber ,onthe ,ReaderSewicB Card.

On example of !hi flexibility come
from Lhe Samsung Motor Company.
According to Dr . .Hyuk Kim, a. dynamic
analyst formerly with Samsung, "Auto-
mobile simulation wi!h ·differential gear
models generally running at extremely
high peed are frequently lenninalcd in \he
middle of analysi and solutions. These

imanoasare vet)' sensitiv to inLe!¥'ltion
error tolerance. Meanwhile. the same san-
ularion have been carried out sucee ful-
ly with RecurDyn without ..any numerical
troubles."

According to Dr. Bae, the reason for
this uccess is Recurfryn'sreliance on a
relative coordinate system. "Relative

coordinate sy terns require the minimum
number of coordinate to define a
shape." said Dr. Bae, "Ab olute ystems
require 'the maximum. AIso.becau e
they plot every poitnl~ absolute ysterns
require more difficult governing equa-
tion of motion and have many con-
straint that relative system do not." Dr.
Bae explained that by using relative
coordinates. the governing equations for
motion are ordinary differenlial equa-

tions and not the more difficult differen-
tial algebraic equation. AI o, becau
absolute eoordinare system define th
design under W1a'1y i using a predeter-
mined set of rules while the imulation

IYAY/JUNE 2000 n
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and analysis are rururing, the scope of
that analysis is much narrower,
"RecurDyn defines the system first," said
Bae, "Then it does the analysi according
to the siltllation parameters set. by tile
designer, making it an ideal software
package for "what-if" studies of virtual
prototypes, With. a relative system such
as RecurDyn, the scope of analysis is
much wider." Such analyses include
multibody dynamics and kinematics as
well as comphance characteristics.

Using RecurDyn is fairly simple from
the operator's point of view, but gear and
power transmission designers should
understand that RecurDyn's strength is
its multibody system modeling, not its
gear de ign capabihties. Accordiing to
Dr. Bae, "You would use CAD to gener-
ate the drawing and then import the
geometry files into Recw:Dyn. Then you
would install all the other mechanical
elements needed to complete the system
and run the analysis. After that, the soft-

The Next OimensionTMmeasures tooth alignmenl •.looth profile,
ind~x and root radius utilizing these "Leading Edge" ~eatures:
• Unear Motors " AGMA.. DIN. IISO& User defined Ntalysis
" Volumetrically Mapped Packages

I'\ccuracy . • Software Developed using Microsoft
" Thermal Compensation Visual Studio 6.0
" 0.1 Micron Resolutlon Scales • Remote Diagnostics by MOdem orlntemet
• RenishalN'" 3-D Scam'ling Probe " Net\N'Ork.capability

~
PROC.ESS
Equipment Company

ISO 9001 R'egistered
Nurturing Ideas... New Dimensions In Gear Technologyl

4 191 US Route 40 • TIpp City. OH 4537 1
Phone: 937-667·7105 -800-998-4191' •.Fax: 937-667-2591
E-mail: metrology_sales!Ellprocesseq.com
Or Visit UsAt; ..........vw.processeq.com
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ware plols the results and you can revise
your system." RecurDyn can import
shell, rapid prototype and IOES fife .
Plans are in the works to enlarge this list,

Dr. Bae was recently ill the United
Stales, holding meetings with variou
companies here in hopes of expanding
on the success RecurDYIll already enjoys
in Korea. "Hyundai. Motor Company has
chosen RecurDyn as their standard
dynamic analysis program due to not
only easy cu tomization but also
RecllrDyn's rnbust solver and user-
friendly interface," aid Chung up Song.
senior design engineer for HyundaL
Other large Korean finns, such a
Samsung and LG, are still condl.lcting
trials with the oftware, According to Dr.
Bae, his meetings in the U.S. were very
pos:itiveand there is a great deal of inter-
est on. this side of the Pacific in both
using and marketing Recl.lrDyn.
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Hofl'er'1 Porta 30lIO

Wor:ld's Largiest Int.erna:1
Gear Grinder

The year 2000 win ee the arrival of
the world's largestinternal gear grinder
at the Hofler works in Ettlingen,
Germany. Designed to meet the growing
demand for 1arge, hlgh-qualityground
gears, the Porta 3000 can grind internal
gears up to 3 meters in diameter with
face widths up to 900 rnm and weights
up to 35,000 kg. The work pieces are
usually precut or cast gears that are put
on the Porta 3000 for finishing.

The machine is designed from the
ground upfor high accuracy. Across the
hydrostatically operated machine table
and table slide. built below floor level.
extends a massive mineral castgantry
made from a concrete polymer bond!.
"The vibration dampening ability of the
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trolled prodUctiOlil building in ElilingC:Il, '
Germany, and brought online in March.
According to Sharif the company extend-
ed its producdon floor space by 8000
square feet '10 aecommodare the Porta
3000. "Busines will be very good with the
POrta,' said Sharif. "We have a lot of
demand for it." 0
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mineral cast is at least 20 times better
!han that of cast iro.n wi!h greater ther-
mal stability," said Omar Sharif, sales
manager. "Also, it costs 25% less 10 man-
ufacture and make as embly of the
machine faster and easier because very lit-
tle wode is needed to finish the pieces. The
machine stands are almost ready because
the steel mechanical connecdons are pre-
manufactured and placed in the molding
fonn prior to casting." On !hi i mounted
the rigid grinding· lid with a large grind-
ing wheel and 30 kW hydraulic molor
wheel drive. This design allows the
machiIle to grind both internal and ,external
gears (in the profile grinding mode). The
grinding slide strokes vertically through
the gear with. the grinding wheet swiveled
into the tooth angle. CuttiQg oil is, the pri-
:mary lubricant for the grilldi~g operation.
The oil is applied using bigh-presslJ.l"e
pumps that di pense the oiJ Ihrough spe-
cially shaped oil supply nozzles to the
tooth gap surface. "Grinding lime fOf a pre-
cut gear of the LaIgest size would be about.
live hIlI'S," said Sharif.

The Porta 3000 IlOW offers industries
where precision in large gears i .a neeessi-
Iy the same level of ql.lalitylhat gnnding
has offered '10consumers of mailer gears.
These include the wind power and naval
, hlpbuilding industries, where gears have
to meet very tight quality standards fot me
kind of quiet and efficient operation
demanded. "From the Pona 3000," said
Sharif, "we can expect gears [0 meet DIN
3 (AGMA 14) quality standards." Thi is
verified by the machine's on-board in pee-
tion ystem, Designed and assembled by
Hl5fler, the POrta 3(0) employ a CNC
inspection sy tern that usestouch probes
to inspect the workpiece . ''We use an
lntegraied in peetion sy tern for the auto-
~atic inspection ofinvoll1le. lead and
pitch," said Sharif. "The diagrams ClID be
revlewed on the screen and documented
on a laser printer according 'to the DIN
3962 standard, which detail tolerances
for cylindrical. gear teeth in tenns of devi-
ations in individual parameters, tooth trace
and pitch pan. All uch deviations are
corrected based on the inspection results,"

The farst POIta 3000 machine was
installed in Hofler' own climate-con-

Ten Us Whet You TlliIIk •.•

If you found this column of interest andlor
useful, please eke .. 2!11

If you did not care for this column circle"

If you would like to respond to this or any
other article in this edition of Gar Techn-
ology, plea.. fax your response to the
attention of Cheries Cooper, senior editor. at

I

847-437-8618 Of send an .. mail m.... Q. to
peoplflOgIlBrt.chnolDfl'l.com.
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KAPP and NILES ore manufa:cturers of gear o.nd profile grinding machines for the

automotive, aerospace and commercial Industries: innovative - reliable - efficient.

Call us for details.
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Representing KAPP., NILES and KAPP TECH:

KAPP SALES & SERVICE LP, 2870 Wilderness Place,

Boulder, CO 80301, Phone (303) 938-9737, Fax (303) 447-1131
CIRCLE 1'45

KRPP
SAI..ES & SERVICE





READER IPAGE
.AJlVERTILSElIi SERVICE NUMBER NUMBER

AIW SYS!em5Co.,loc. 103 41
Ajax Magnernennic 162 68
Akron Gear & Engineering 176 46
AmeriC;).IJ Me!allreating Co. 151 10
American Wera 127 34
Applied Process :163 68
Asano America, Inc. 136,195 37 .•47
ATA Gears Ud. UJ, 160 63,46
B&R Machine & Gear 206,207 17,47
Barit Intemational COfJl. 141 4
Basic Incorperared Group .146 36
Becker Gearmeisters 197 70
Bourn & Koch Machi.tIe Tool Co. 147 61
The Cincinnati Gear Co. 193 69
Colonia! Tool Group 209 71
0.1.0.1.1' .. Inc. 202 18
Du:ra--Bar 158 39
Erlbacher Gear & Ma<;hine 196 46
Euro-Tech 129 18
Flissler 205 38
Forest City Gear Co. 138 6
Ge:;umllkers 184 45
General Magnaplate 164 68
Gleason Ccrporation 110.106 WC-I,69
Gleason Pfauter Hurth Culling Tools 105. 152, 16. BC.70,68
Grlib. Ernst III 31
Halifax Rack & Screw CUlting Co. .183 4c5
Hilner 112,169' 10,68
Holroyd 130.170 69,68
fkona Gear Technologies 1'81 46
fMIS 118 64
tnnovuiive Rack & Gear 1,82 45
Insco Corporauon 148 36
ITW Heartland 116 43
KappGmbH 145 14-15
Koro Sharpening Service 153 71
Kreiter-Geartech 204 70
Laser Machining ..Inc. III 67
LeCount, Inc. 142 29
Leistrnz Corp'. 119 13
Liebherr Gear Technology 126 8-9
M&M Precision Systems 165,171 26.69
MllCSleel 104 35
Midwest Gear & Tool 203 61
Midwest Gear Corp. 154 70
Milwaukee Gear Company 122 42
Mitsubishi Machine Tools 198 65
National Broach & Machine Co. 186 5
Niagara Gear Corp. ISS 71
Ohio Broach & Machine Co. 199,200 1.9,70
On-Line Services 144 29
Parker Industrie 149 "PC EOle!prises 192 70
Peerless- Winsmilh 188 45
Perry TechnolollY 134 mc
Presrite Corp. 1,08.172 16,68
Proeess Equipment Co. 123 12
Pro-Gear Co., Inc. 156 71
The Purdy Corporal ion 201 06
Quali!}' Transmission Components 173 68
REM Chemicals 125 30
Star Culler Co. 128, 157, 174 2,70,69
Supreme Ocar Co. 190 45
'Ioolink Engin.eering 208 37
United Tool Supply 137 67
Valley Gear & Macbine Co. 191 46

For more information about IIIIproductDrservice advertised in
this inue of Gear Technology, circle the appropriate number
,onlhe Reader ResponseCardand put die card in die meil.
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su,per-falttuma round'
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• Afami'ly owned and operated business for
25 years, 1974-1999',

.' A. custom job shop manufacturing gears to
your specifications or samples.

• Spiral bevel gears to 66"' PD.
.' We have our own Material Warehouse,

Gearbox Repair Facililty and full Heat Treating
capabilities in-house.

• Breakdown services our specialty.
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_-----------IN'DUS,TRYNEWS,-----------_
INewVice Plresident of Sa'ies at

American Wer,a
American Wera has appoint-
ed Jim Eaton vice presi-
dent=-sales. Eaton win
oversee sales and engineer-
ing jilanning for American

Jim Bason Wera gear cutting. gear
pointing andPrnfila~oTSlmachines: Hurth
MODUL bobbing and bevel gear cutting
machine; and Praweara gear honing
machinery. He will also. be the key con-
tact for the range of gear processing
machinery now marketed and serviced
by American Wera.

INew Executive mrector for the
AGMA Foundation

The American Gear Manufacturers
Association (AGMA) has made Joanne
S. DiCesare the new executive director
of the AGMA Foundation. DiCesare
will work with the Foundation's Board
of Trustees to promote the organiza-
tion's objecnves supporting intemation-
a] standards, education and research of
interest to the gear industry.
Schafer Gear Works Relocates to

INew Faciliity
Schafer Gear
Works, Inc. has
dedicated a new
WO,OOO sq. ft.

:SchaferGear Work, Inc. manufacturing
facility in South Bend.] .

The layout of the shop floor is unique
for the industry," explained Doshi. "It
allows us [0 use as much computer tech-
nology and automation as is practical,
including in-line quality control,"

___ • Obituaries; _
Stewart Ward,. Former Preside.nt of

Brad-Foote and A.GM_A
Stewart Ward, retired

president and CEO of
tile Brad-Foote Gear

•".
- - -- ---

Works. passed away
foUowing a February
41h motorcycle accidentSte ....art Want

near Iris home in Windennere, Florida,
He was 62. A past president of AGMA
(I 99 J -1.992). Ward was a recipient of the
AGMA Board of Directors Award (1990)
as well as AGMA's coveted "Old Goat"

Award. He started at Brad-Foote as gen-
eral manager in 1973 and became presi-
dent and co-owner in 1.987."Stewart was
like the father of Brad-Foote Gear that
everybody looked up to," said long-time
friend and associate, Redmond Ryan.
"He had the ability to make a friend out
of everyone he met." Ward is survived by
.!tiswife of 22 years, Donna; his children
Kenneth, Brian, Diana Royer. Kristine
Armstrong; mother. Doris Lyons; broth-
er, Carson Ward; and six grandchildren.
Gear Iinventor and Science IF,i'ction

Writer IOliver Sa.aril
Oliver Saari, inventor of a variety of

gear and power transmission devices
including the Spiroid and Helicon gear
drives, has passed away at the age of 82.
Saari was an engineer and inventor atthe
Illinois Tool Works in Chicago from
1945 to. 1974. According to Faydcr
Litvin. Director of !be Gear Research
Laboratory at the University ofIllinois at
Chicago, "Saari's inventions bear the
features of an unorthodox way of think-

ing, which resulted in original ideas that
have already been applied. in industry and
will be widely used in the future."

Gears were Saari's primary interest,
but he was also a prolific science fiction
writer. His stories were printed from
1936 to 1953 in such pulp magazines as
Astoundirlg Science Fiction, The
Magazine of Fantasy and Science
Fiction. and Startling Stories. Writing
for the "pulp :' Saari developed friend-
ships with writers like Robert Heinlein,
C.D. Simak, Gordon R. Dickson and
Poul Anderson. 0

TeU Us WIllI You TIIillc ..•
If you found these items of interest and/or
useful, please circl. Z55.

If you did not care for these items,'" 251.

If you would like to respond to this Of any
other article in this edition of GeBr Techn-
ology, please fax your response to the
attention of Charles Cooper, senior editor, at I

847-437-6618 or send e·mail messages to I

peopleOgBBl'fBchnology.com.

Broac:hinUI Machine!
• Eliminates Broaching Pits and

Elevated Platforms
• Increases Cell Design Flexibllity
• Facilitates Machine Relocation
• Allows a Range of Ol1tional

Equipment and Secondary
Operations
Availllble in strokes from
36" ro 1'l~'andl ronnages
from 15- to 3D-tan capacity.
For broaches. broaching
equipment, broach repair/
resharpening. and productioo
broaching servic~s. ca II your
total broach ing source,
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The Design andTesting
of a Low N oise

Introduction
This article offers an overview of the practical

design of a naval gear for combined! diesel or gas
turbine propulsion (COnOO type). The vibration
performance of the gear is tested! in a back-to-
back test, The gear presented is a low noise
design for the Royal Dutch Navy's LCF Frigate.
The desilgn aspects for IO'W noise operation were
incorporated into the overall gear system design.
Therefore, special attendon was paid to 8111the
parameter that could! influence the noise and
vibration performance of the gearbox. These
design aspects, such as tooth corrections, tooth
loading, gear layout, balance, lubrication and
resilient mounrlag, will be discussed.

The back:-to-back configuration was built with

two gears, intermediate shafts and a torque actua-
tor for load simulation. The tests were done for gas
tu.rbineand diesel engine propulsion modes at
approximately 3,000 k.W power input This oorre-
sponded to a propeller shaft speed of 93 RPM. The
torque actuator for this test configuration was rated
for a maximum torque of 45 kNm and a maximum
peed of 3500 RPM. The required torque during

testing amounted to 33 kNm at 875 RPM.

Port Gearbol!.

Main Pinion GTcWheel

Fig..l-1...ayoutoj ti,e gellrei,ements.

J. J.IBos
Design Requirements

Tile propulsion system for the LCF consists of
two independent, opposite-handed propulsion
lines. One is for !he starboard and the other i .for
the portside propeller shaft line. Bach is equipped
with ..3 Controlled Pitch Propeller (CPP) a welJ as
boost gas turbine and cruising diesel engine
propul ion modes.

The de ign of each gear set had to meet specif-
ic requirements, the mo t important of which are
listed below:

• Gear Ratings
Diesel En~ine PrQJlulsion
Power 5,OOOkW

1,'000 RPM
103 RPM

Input Shaft Speed
Output Speed
Gas turbine Propulsion
Power
lnput Shaft Speed
Output Speed

• Propeller Shaft Speed Range:
min. 50-max. 164 RPM

• Input POWeli Range:
min. 1,200 kW-.max. 19,500 ikW

• 'Oil supply for the gear by gear-driven pump in
the propeller speed! range of 64-164 RPM.

• Shock resistant lor shocks up to 13 g.
• The tructure-bome noise requirements for

above and below the resilient mounting are
defined fora shaft speed of 93 RPM.

• The fulfillment of the structure-borne and air-

19.500kW
5,450 RPM

164RJ>M

borne noise requirement shall be demonstrat-
ed in a back-to-hack test.

• Noise requirements for airborne and structure-
borne noise according to Navy specification.

In respect to the above mentioned! design
requirernems, to Jiave optimal corrections for
loaded conditions and to' optimize tooth loading,
the number of rotating elements under load was
minimized for bothgas 'turbine and diesel engine
propul ion systems. The gears are mounted on a
resilient mounting in order to optimize the damp-
ing of higher frequency range v:ibrntion to reduce
underwater noise levels.
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The thrust block for this design is a. separate item
that i rigidly mounted in the propeller shaft line.
The whole gear train in the gearbox has a IS mm
freedom of movement to aco.ommodate the relative
movement of the gearbox to the shaftline. This
movement i caused by displacements of the gear
case due to tile resilient mounting and shock loads.

The overall size of the gearbox is approximate-
]y 5 x 5 x 4 meters. There are 35 flexible mounts,
which require a rigid casing for optimal perfor-
mance. The stiffness of the casing was checked by
means of a finite element analysis, In combination
with the flexible mounting. the stiffness of the gear
casing is an important feature.

Layout
The first objective was to de ign a. gear layout

(see Figure l)lhat could meet the requirements. as
pecified within the available space of We gear

compartmenl and with the correct geometric po i-
tions for the inpul hafts of the diesel ami. gas tur-
bine enginesas well as the output haft. Important
features for the design are a balanced tooth load. a
minimal number of rotating elements, and the
elimination of element rotation when ia an
unloaded condition,

The layout that was chosen for this purpose was
a two-stage reduction for both. diesel and gas tur-
bine propulsion modes. The second stage is a com-
mon stage for both propulsion modes.

The thrust block is a separate item in the shaft.
line, The whole gear train is axially positioned by
this thrust bearing, The first reduction of diesel and
gas turhineinput reqllires. therefore, a 'connection
to the second reduction pinion inlhe axial direc-
tion. The c1utche are, therefore, equipped with
axial bearings. The rotating parts. therefore. float
in the gear casing iaanaxial direction.

System Design.
Gears and Clutches. The construction of the

first reduction pinions and wheels is based on solid
forging . The construction of the second 'reduction
is based on as emblies. The main wheelis .1.1 fabri-
cated structure shrunk onto the main shaft. A cen-
ter driven' eeond reduction pinion was required to
be able to. establish a good tooth contact pattern. in
both gas turbine and diesel engine propulsion, The
constructien oflhe second reduction pinion is a
center shaft with a specially designed intermediate
sleeve on which the pinion body is shrunk. Due to
this special design. the assembly of pinion •.quill
shafts and sleeve consists of 5 items.

For the several operational modes. two clutches
have been buUt in. The second reduction pinion is
connected to these clutches by means of quill.
shafts (Figure 1). The gas turbine reduction wheel

ourPlltJ ~2200 stUfi -,DieselInput

Fig. 2-Top view of'tlle ,P'OT-lS,r'tie gearbox. All di,nells;ollS in' ",illime/en.

Tabla1-iOv81¥iaw ,01all rotaling pal'll.

G1P,inion GTWheel IDEP,inian DE Wheel Main pinionl MainWltnl1
.-Material 17CrNiMo6 17CrNiMo6 nCrNiMo6 ~CrNiMo6 17CrNiMo6 32CrNiMo12

Heat Through
Treatmelfl Carburized Carburized Carburized Hardened Carburized Nilrided

~~ 6,5 6.5
~ - 6,5 1 J 1I !

6,5 ,8 8
Numbelr

-~
101Teelh 4Il 231 94 158 '53 305
Iluill Sbafts 3OCrNiMo8 3OCrNiMoB lOCrNiMoB
Main Shah

.---- C50EtQT

I,r.,Johan Bos
is the technical manager of
Scheld« Gears. He received
his degree in mechanical
engineering at th« Technical
University of Delft ill rhe
Department for Tribology in
1980. After working in the
fields of research and genu·
al mechanical tnginet'ring,
he joined ScheidI' Gears in
1993, His responsibility is
the design and devetopmen:
of low noise reduction
gears. Scheld« Gears pe-
ciolizes in reduction gear:
for "oval and merchant
marine vessels, wnere SIr;,,·
gem noise specifications arr
applied.

."'"

is equipped with a self-Shifting, synchronizing
dutch connected to the quill shaft of the second
reduction pinion. The diesel engine reduction
wheel is equipped with a hydraulically operated
multi-plate type friction clutch connected to the
quill, shaft of tI~e econd reduction pinion. Table I
gives an overview of all rotating parts.

The underwater noise spectrum of the ship can
be identified by the first and second order toolh Ire-
quencies if they dominate the noise spectrum. The
distinctive role of the tooth frequencies in the vibra-
tion pectrum of the gear should be avoided.

Therefore, the gear design required a high total
contact coefficient. which is realized with a double
helical gear design with a pametrada tooth, a 16f>
pressure angle and a module as small as possible
with acceptable tooth load. AU tooth calculations
are based on L1oyd's Rules of Shipping. DIN and
[SO regulations,

The oil pumps mounted on the gearbox also
req-uired anoptimal design with regard to noise
generation.

Tooth corrections are made by correction of the
helical angle and tip relief in combination with
tooth end relief. The tooth corrections for this gear
were based on our own experience and programs
for tooth. corrections, and secondarily on calcula-
tions done by the Design Unit of the University of
Newcastle. UK, The program for tooth correction
calculation is the DU-HATE program, designed for
tooth correction calculations in order to minimize
the transmission error. The accuracy level for the



Fig. 3-Frollt'view oftheportside gearbox. Al/,d;mensions in millimeters.

Fig.4-Displacement calculation of lower part casing for GT propulsion.
gear elements is in accordance with ISO 1328
Class 3 requirements. All these design aspects con-
tribute to low airborne and! structure-borne noise
levels for the gearbox,

Optimal tooth corrections are based on full load

'conditions, The calculations for transmission error
were made for loads in the operational modes willi
noise requirements. The tooth corrections are
based 011bending, including shear, torsion and the
bearing position. Other parameters such as wheel
deformation and housing deformation were ill this
case negli.gible. The design of the second reduction
pinion required a central driven construction in
order to have optimal tooth loading for both gas
turbine and diesel propulsion modes.

Gear Casiflg Desig»; The design of the overall
gear casing calls for separate casings for the diesel
first reduction, the gas turbine first reduction, and
the second reduction .. The casings are fabricated
constructions wilth solid walls ..Noise requirements
led to the decision to use a solid wall. FOr stiffness
purposes, a fabric-ated structure with double wall
consaucnon would have served this purpo e best.
However, because !he distance between !he hafl
center line and the foundation is relatively low
«800 mm), a double wall casing would be difficult
to de ign and produce. The casings are assembled

I to one bolted construction before machining is per-, I
Ii
Ii
I
i
i
i
i
i
i
i
i
i
i
!

formed, The casing has overall dimensions of4 x 5
x 4 meters (Figures 2 and 3) and has a separate
sump integrated into the hull of the hip.

The stiffness of the gear casing i an important
item for two reasons, First, to perform correctly,
the resilient mounting requires a stiff gear c-asing.
Secondly, due to asymmetric loading of the casing,
misalignment is possible in combination with the
resilient mounting and insufficient stiffness of the
casing. The stiffne s of the casing is checked using
a finite element analysis (ANSYS) calculation.

In Figure 4, the calculation result for one opera-
tional load i pre ented, The bearing loads for full
terque are applied to the structure for both gas tur-
bine and die el engine modes with an applied
torque of33 kNm on the gas turbine .inpul haft and
48 kNm on the die el input shaft. The output shaft
has atorque of 1106 kNm for the gas turbine engine
mode and 464 kNm for the diesel engine mode.

These kinds of analy es are performed on all
new gearbox concepts, and the acceptance limits
forihe defonnation re lilts are generally based on

I the bearing requirement. The acceptable misafign-
ment betweentwo radial. bearings is limited to an.
angle of approximately ]D-:; radians ..For axial bear-
ings the acceptance depends on the type of bearing
tilting pad or tapered land bearings being used, but
the limits are approximately I.0-3 to ]O-s radians,

.Bearin,g Concept. The bearings are located
close 10 the gear elements, giving the most effec-
tive stiffness 10 the pinions and the wheels. The
bearing manufacturer uses an accurate program for
calculating the bearing dimensions, clearances,
required flow and losses. An important aspect for
the journal bearing is to define all po sible mode
of operation. The e con i t of all relevant combi-
nations of load, load angle and speed. For this
gearing, all bearings are journal bearings. The ax ial
bearing for all reductions is integrated mto the
axial thrust bearing located in the propeller shaft
line, approx.imaLely UJ rn aft of the gearing . .As the
whole gear train has only one axial bearing, the
first reductions of diesel and gas turbine input need
to be axially locked '10 the second reduction for
times when the reductions are disengaged or are
running engaged. These possible modes of opera-
tion, therefore, require that all bearings have an oil
supply in all operational modes.

Oil Supply System. A main gear driven oil
pump i U ed for the oil upplylo the bearings and
the tooih lubrication under operational conditions,
The gear driven pump supplies the gear with oil.
over an output shan speed range of 50 to 164 R.PM.
The oil consumption of the gear is almost constant



pump wi]:1 take over within a fraction of a secona Fig. S-Oilflow requirements.r-----------------------------------------~The required oil flow is presented in Figure 5. Resilient .Mount

The oil for !he friction clutch engagement is
upplied by a separate electric driven oil pump. A

gear driven pump directly coupled to the diesel
engine input pinion supplies the oil required for
keeping !.hefriction dutch engaged,

A separate skid is mounted between the gears to
accommodate the lubrication oil filter, cooler and
the electrically driven oil pumps and cooling water
pumps for both gears.

The Resif:ient Mounting
As the gear tis mounted ana resilient mounting

and the gear elements are axially positioned by the
thrust block, the whole casing will have movement
relative to the gear elements. Under normal condi-
tions this movement could be approximately 0.2 to
0.5 mm in all directions. This. .of course, depends on
sea condition . For extreme shock conditions, the
movement of the gear casing islimited in the verti.cal
direction to ± 2 nun by shock limiters, However, due
to the movement oflhethrust block pesition relative
tofhe position of the gear casing foundation, the total
required relative movement could be ± l 5 rnm in the
axial direction. A ketch of the resilient mounting is
shown in Figure 6.

The purpose oflhe resilient mounting i.s to
reduce underwater noise level, thus increasing the
difficulty in detecting and recognizing the ship. The
noise requirement below the mounts and above the
mounts are calculated based on the impedances
from the ship's structure and the water.

The resilient mounting was specified to have a
natura] frequency of 20-25 Hz. The reason for this
frequency is that an optimal damping of frequen-
cies is required for frequencies over 601 Hz .. A
choice in this respect has always to be a compro-
mise. Lower frequency vibrations are normally
caused by imbalance and misalignment forces. An
effective damping of these frequencies bawd
then require a very soft. resilient mounting with

over this speed range. while the oil . upply from a
spindle type oil pump increases with the peed. To
avoid large overcapacity and large overflow at
higher speeds, a special pump with constant output
pressure and variable flow is used. The result is thai
for each mode of propulsion in this design, the oil
upply is just the required amount. The control of

thi flow is based on a constant pressure in the main
supply line ..The input pressure forthe various users
will, therefore, be constant.

In the propeller speed range of 0 to 50 RPM,. and
in emergency case • an electric pump is used. The
takeover from electric to gear driven pump is done
by a trigger signal at a shaft speed of 50 RPM. The

Propeller Speed (RiPM)
-- Required Oil Flow - - - Pump Capa.clt

hock Limiter

Fig. 6-Resilient mounting and vertical shock limiter.

Table 2=5haft and tooth 1n!1JII1!I!cies. for II low lIoise opert!tion molle.
IPosmON . SHAfTlFREDUENCY TOOTH FREQUENCY

1.'5 Hz
7:5 Hz

111.5 Hz
50 Hz

___ Main Wheel
Main Pinion

- DE Pinion
GT Pinion

l\OO Hz
400 Hz
850 Hz

21JOOHz

Rig. 7-Assembly floor, 'porlsidege.arbox.
low narural freqneneies, The frequency range for
the resilient mounting is especially chosen to
reduce the levels for the tooth frequencies in the
underwater noise. A list of shaft and tooth fre-
queneies is given in Table 2.

The gearbox, mounted on 35 such re ilient
mounting devices, is isolated in the vertical and hor-
izontal direction from the ship structure. The rubber
compound is tuned with the requirement. for the per-
formance of the resillent mounting. e.g, the damping



Fig. 8-Assembly j7.oo.r,starboard gearbox~

Drive via G.T .. Input;

Fig. 9~-Back·to·back arrangement.

Structure borne vibration level, (Ill octave-ref 1Q-6m/s2)
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Diesel Engine Test Mode=Portside Gear. Master Gear
Diesel Engine Test Mode-Starboard Gear. Slave Gear

Fig..l,o-MeasuJ',ement results from back-Io-back test;

Table 2-Te51 configuralions amI conditiDns.
iP'ortside Gear Standardl Gear

G.1'. Test Mode
Test !Porlside Gear Master

I-:l:::e;:.:st'-':li:.;t8c:;rb::.:o:.::!IF-:;:d:.::(J:.:.e8-r-----::;:Sla~+ E'd!ive _
Position Torque Aetuater G,T. Input

Slave + E-drive I

_Master _
G,T. Input

I--'L::::D""ad"-C::..:,h"'a""ra..:,;ct"'er""is""tic"---;M;-=H.:..:st""erc;'--Positive Torque
Slave-Negative Torque

Master-Positive Torque
Slave-Negative Torque

D,E_ Test Mode
I Test Portside Gear Master Slave + E-drive
1_==Te;,:.sto...:;S""t8:.:,rb:-=o""ar""d...=G;:=-ea::..:,r -:=S""la""v8=-'+c...:E=-,d=rive Master

Position Torque Actuator D.E. Inl.,ut ,......,=--_~_-:D"".E, Input
Load Characteristic Master-Positive Torque Master-Positive Torque

Slave·NegativeTorque- - - Slave-Negative TlirQue

~.~di~tID~n~s~~~~-- __------------------~~~----------~
Load 3,000 kW
Diesel Propulsion 875RPM
Gas turbine Propulsion 2,9511RPM

of the natural frequency as well as the dynamic

damping of higher frequencies. The available space
for movement is limited by separately mounted shock
limiters. These are separate devices that block a. fur-
ther movement of the gearbox.

These requirements are valid fOT a ship speed of

18 knots. For speeds above that, propeller noise will
be dominant.

i
i
i The production of the gear casing is an important

I i part of building the total gear system. TIle casing

I

!I~itsfe!fgiSfairlYThlargeaJilld~complex wi~ a t0n:t wedight
o. ~ tons, ..e we 109 process IS morntore _ to

maintain constant qual:ity in the weJding and dimen-
sions. After welding the different parts are partly
machined. The casing is assembled and the bearing

seals are premachined. The final machining of the
gear casing, an essential operation by which the cen-
ter distance of the several shaft lines are machined

Manufacturing

within narrow limits. is done in a temperature con-
trolled production shop ..The precision of this part,

achieving optimal alignment between the shaft
line ,.is an important aspect of low noise design. All
rotating elements are ground [0 a. Class 3 quality,

ISO 1328. The tooth contact pattern. of ail interact-
ing gears arechecked before they are released for

final assembly. All sta.ges in the production of the

gears are followed and recorded with regard to the
important parameters of each pecific stage.

Balancing is done separately for each component
and partly in tbe assembledposition.

The assembly of the casing with the rotating
elements and oil system is the last control to see if
all the required! tolerances are really matched.

During the assembly, dimensions are always care-
fuUy checked,

Test Conditions
All gears are submitted to spin and partial load

tests. The spin test demonstrates the functional
performance of the gear and verifies the stability

of the bearing temperatures, the electric system
and the functioning clutches. The partial loadtest

demonstrates the performance of the gear with

regard to noise requirements, The loaded test is
done in a back-to-back test arrangement as shown
in Figure 9. The structure-borne and airborne
noise of this gearbox requires this back-to-back

test configuration for both diesel and gas turbine
drive modes at the power ratings for a ship speed
of 18 knots. The tests were performed for an
equivalent power of 3,000 kW.

The acceptance of the gears required absolute
certainty about the performance of structural and
airborne noise levels because a possible deviation
from the expected data can be corrected better in



the factory than it can in the bllilt-in situation
aboard the ship. The different test conditions during
the back-to-beck test are Ii ted in. Tabl.e 3.

Building the test rig was something new for !he
enginee at Schelde Gears. Because of this. the
influence of each part of the test rig needed 10 be
evaluated, as direct experience with this type of 'test
rig was not directly available. Each component in
the test rig, as well, as me gear itself, could influ-
encethe 'lest results in either a positive 'or negative
way. Therefore. the first objective was '10 recognize
dlOse parameters of .influence and eliminate them
as much as po sible,

In the back-eo-back oonfiguration,th main
shafts are ,coupled. Then, depending 'on the te t

mode. either 'th diesel input baft or 'the gas turbine
inplIl shan is also coupled to drive the slsve gear-
box. (see Figure 8).

The gears, were mounted on a resilient mounting
like those designed for the ship's foundation during
alJ thetest . The alignment of the gearboxes in the
back-eo-back lest needed special attention because
the bearing 1 ads had to be about equal (0 the loads
expected under operational condi.tions. This
required different alignment procedures for the
diesel and ga turbine engines. The maln concern
for this part is 'the flexibility of the main haft line.
In this shaft line, torsional stiffness needed to be
combined with a certain degree of bending flexibil-
ity .in order to maintain the proper bearing load
division on me :main bearing .

The input shafts were connected to the torque
actuator with flexible coupling on 'the intermediate
. hafts. The weight of '!he intermediate hafts was
limited in order to realize a bearing load distribu-
Ilion th-<ltis equal to!ha:t in reality. The balanei ng
and alignment of all those parts is of significant
influence on the test re ults, Some of those results
are presented in Figure W.

During Ihe back-to-back test. the gear driven
pumps supplied the lubricating oil mthe gear com-
ponents. The skid with allll1e oil equipment is placed
close to the test bed. The Ie I condition for the gear
were to be dose to Ilonnal, operational conditions.

The tooth load i generated with a. torque actua-
tor. This torqu actuator is designed for a torque of
45 k:N at a maximum. speed of 3,500 RPM. Thi
actuator is designed and built by the Design Unit
from the University of Newcastle. The concept of
this de ign h been presented in Ref. 2. The tooth
load is adapted in aeeordance with the output haft
load curve of the gear during operation.

The torque actual ria vane-type coupling,
which enables the tmque to be changed during run-
ning, The aetuaior is mounted between the interme-

diate shafts. Allhougl:tlh hafts had flexible con-
plings.lhe influence of the alignment and stiffness
of the actuator foundauon was considerable. From
!.he actuator, a constant peak of one timesme haft
speed influenced the measurements. Improvements
of the fOllDootion stiffue and the shaft balancing
improved the results. Therefore. the flex.ible cou-
plings were balanced in their mounted po ition ..The
shrrfts were well balanced. buttests showed that the
flex.jble part: in the shaft had a negative influence on
the measurements. Balancing the hub at the prima-
ry and secondary sides of the flexibl elements of
the coupling showed improvement. TIl haft orbit

was changed from a diameter of approximately 50
microns to Je s than. ] 0 microns,

The oil pump characteristics also had a great
influence on the results. This influence was clearly
shown in the frequency area of 60 to 400 Hz and
was greatly alleviated by improving !he pump
design. The pulsation in ihe oil flow and the tiff-
ness of the pump foundation was shown to have a
considerable mfluence on the vibration levels of the
gear. Both efihese aspects were improved during
the testing phase. The 'tests for the diesel propulsion
mode were influenced by the internal alignment in
the multi plate friction-type dutch. Due to the low
engaging energy required for thi te I, •pecial
engaging procedures were u ed for better plate
alignment. In Figure 10, the achieved level of vibra-
tion is given.

Resulls. The results of the re ts how that dle
requirements of the specification were met. The
realization of the test rig required OJ careful semp,
alignment and local balancing, Above the mount-
i,ng • the required values are met. At higher fre-
quencies, the line is even below the peeificatlon,
Each component mounted on the gearbox ..has its
own contribution to the vibration spectrum.

ConcluSions
The de ign of low aoi egears requires careful

attention for all components, not only to. design
but also during the manufacturing proces . Thi i
in respect to the gear elements and to all rotating
eqnipmem that is mounted, on the gearbox, e.g,
gear-driven pumps.

The back-to-back testing of a gear can onl.y be
successful and representative when allI operarional
conditions can be reproduced. This is valid, espe-
ciailly for the balancing of all shafts ami coupling •
especiallly for !he high- peed hafts. The engage-
ment sequence should be close as po ible to
the condition on board the ship. In case these con-
ditions are nol. met. the result will give an approxi-
mation,bul will be contaminated with, dismrbanc
from the test rig, 0
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wn. M,IIM, A,N,Iand K-type worm and worm gear
inspection and analysis is not only easy, it also lo-wersyour
developmenl cost and reduces set-up time on every job.
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theoretical lorms based on an easy-to-use cutting
simulation. Or compare 10 a master artifact automatically
scanned by your M&M Gear Inspection System. You can
even inspecl from your own coordinate liles.

PP'lun 11111nlll: "Virtual cutting" lets you see
the effect of machine tool settings on your PC and make
corrections before you begin Gutting.

Nil PU.P,II!IIIIII IIUlul.i: All you need are
M&M's tailored, application-specific software and
correction modules to meet your inspection, analysis
and process conlrol needs. (Be sure 10 ask about M &Ms
straight and spirat bevel and hypoid gear packages, too.)
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A Practical Guide for
Molding Better Plastic
G··· .- . .dT·I .-... .•.. •.. •-ear'e I . ransmlSSl,on.S

Abstract
Pia tic gears and tran mi ions

require a different design approach than
metal transmissions. Different tools are
available [0 the plastic tran mi ion
de igner for optimizing hi geared prod-
uct, and different requirement exi.st for
inspection and testing.

This paper win present some of the
new technology available to the pia tic
gear u er. including de ign, mold con-
truction, in pection. and te ling of plas-

tic gears ami transmission .
Comparing .Plastic to Metal

One of the most profound differences
between a molded plastic gear and its

metal counterpart isthe way it is made.
Almost all metal gearsare cui. PI tic
gears are molded. The few metal gears
that are not cut. i.e, powder meta] and
I'orgedgears, require approaches very
similar to the ones outlined here for plas-
tic. In many ways plastic gear manufac-
turers. are leading the indu try into new
level of accuracy. de ign freedom and
lotal gear inspection. With wir,e EDM.
spur ge3.l' cavities can be cui. wi.lh accu-
racies 10 100 u-inchcs, However. since
this is a non-generative process, culling
errors can occur anywhere. Therefore,
the entire pauern ofthe internal gear cav-
ity must be inspected rather than just a
few repre emative teeth II i u ually
done with metal gear. Just etting up
ca v ities and plastic gears on in pection
equipment designed for metal gears can
be daunting. The molded plastic gears
must at 0 be inspected over theentire
pattern since shrinkage abnormalities
and molding anomalie can occur at any
location. The advantage of molded gears
.isthal. aIIIy pecific gear that can be

Roderic!k E. Kleiss &. Jack Kl'eiss Jr;

drawn in CAD can usually be molded.
The challenge is 10 measure and .adju t

the molded gear for it unique hrinkage
and molding anomalie . Metal gear
applications might someday benefit from
thistype of full profile inspection and
comparison to the generative process.

There are other differences between
'plastic and metal gears. Some of these
differences are clue to their different
methods of manufacturing. Since metal
gears are cut or ground to hape, they
can be expected ~O have highly concen-
tric features due 10 the turning operation.
Precision diameters are not too difficult
to maintain. Shrinkage compen auon j

not required intheir manufacture.
Pia tic gears are molded. Concen-

tricily 'of 'the bore to the reothgeometry
is one of 'the most difficult features to
maintain. Tooth geometry itself can be
more preci e than the average metal gear
incea wire EDM generated gear cavity

is inherently more accurate than a cavity
made with ahob-cut electrode (Ref. 1).
Ajso'.. engineeringplastic [end to have
high but ...ery consistent and repeatable
shrink from that ,cavity.. This hrinkage
mu t alway be considered and compen-
ated for in molded plastic, Diameter tol-

erances will almost. always be greater for
plastic gears than for metal.

PI lie material are much weaker than
metal, but they alo have trengths not
found in metal. Built in lnbricati n, ultra-
light weight .. low noise. and low cost. are
all attribute of molded plastic gears.

Th se fundamental difference . con-
found the traditional. logic for gear
design and manufacture. Gear tolerance.
and ratings are ba ed on metal gear con-
struction. These standards are not ideally

Fig. J-A spu,.gllQr beillgcut b,wire .I!:DM.

.........~~......~.~..~

.•......•\

'.

--~....... ~~~ ..
Fig. 2--lllvolutegeared IrolfSmissw.rlJ an
idllally ,equivalellt to crossed-axis bell' drives.

Fig. 3-Defllliningthe toolhthic1cnes and
drawing t_heinvowteJorm.
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Fig. 4-A partially constructed gear is
rotated about the pilch circle of us male to
form ,tIle oullin,e of,t"'e mate.
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descriptive of plastic gear geometry.
Design calculations are based Oil metal
material propertie and do not accurate-
ly predict plastic gear function and life.
Even the plastic material properties up-
plied by re in vendor do not accurately
define the real material parameters of a
plastic gear as it is moving into and out
of mesh at a high rate of speed.
Traditional plastic propertie are based
on long term phenomena.

Designing Plastfc Gears
Customarily, metal gears are designed

and defined with respect to their cutting
process by the basic rack method, and
many plastic gear designers u e a similar
approach. The defined pitch circle of a
metal gear describes tile set-up distance
with the gear to its curtiag tool. Such
things as addendum modification refer to
additional cutting tool, set-up features
required 10 produce tile desired gear
hape. The 'whole depth' of a gear really

refers to how far the cutter plunges into
the gear blank, However, in plastics we
don't need LItis definition cheme, and
many times it only causes confusion and
misinterpretation.

A great benefit of the basic rack
method is that it allows families of gears
to be cut that will all mesh properly with
each other in any combination.
However, plastic gears are usually
designed for specific high-volume appli-
cations. Weare tryingto mak:e as rugged
a gear set as we can; therefore we waste
no time trying to make the e gears gen-
erally su:itable for a range of applica-
tion . The approach outlined below is a
method for maximizing the function for
a specific transmission.

Almost all plastic spur gears these
day are molded from cavities cut with
wire Electrical Discharge Machining
(EDM) as pictured in Figure 1. Kle:iss
and Hoffmann (Ref. 1) have written on
the process, itsapplication,and its accu-
racy. Wire EDM can trace any two-
dimensional construction directly from a
Computer Aided Drawing (CAD) file to
a machined part. Therefore, anygeome-
try that can berepre ented ~n CAD can
essentially be applied tollle mold cavity.

The importance of LItisdifference is
profound .. Plastic gears are not depen-

dent on metal gear tooling to create their
geometry. The gear designer is free to
create the perfect mathematical gear on
paper and transferthat geometry to the
gear through wire EDM. One method of
doing thi is to let the gears es entially
design themselves through their mesh-
ing conditions.

Involute geared transmissions are
ideally eqaivalem to the crossed-axis
belt. drives in Figure 2. The gear teeth
cause the same rotational effect using
the same path of transmission. The dri-
ver pushesthe driven through the path
defined by the belt coming off one drum
or base circle, crossing the pitch point
and moving to the base circle of the
other drum. Many of the features of the
ero ed belt drive are exactly described
with gear nomenclature such as base cir-
de, pitch circle, pressure angle, and base
tangent length. Khiralla (Ref. 2)lhor-
oughly describes this geometry of
motion as well as the mathematical con-
struction of the involute.

With these facts in hand. one can rel-
atively sizethe drums per the reduction
ratio of the intended gear set Absolute
size is unimportant at this stage since the
final gears call be ea.1ed to fit the
intended volume. Next, the designer
must select a base tooth thickness and
draw the involute tooth form on one
gear, as shown in Figure 3, as well as the
di tance to separate the gears, which
will fix. the working pressure angle. The
outside diameter of the gear is et arbi-
trarily at 'l.hi!spoint

Now that one gear has been defined in
the above fashion. the rest of the con-
truction will be self-generating. The par-

tially constructed gear is rotated about the
pitch circle of its mate, and the outline of
its mate is formed as in Figure 4. The tip
of that gear is cut off at a reasonable
length and then tile second gear is in tum
rotated about the pitchcircle of the first to
outline the root of that gear. Willi llIis
complete. the two gears are fully
described at their maximum material con-
dition. In order to account for eccentrici-
ty and molded tolerances, 'the teeth 'CIIIIl be
additionally thinned, or the gears can be
pulled lightly apart to allow for nece -
ary clearance, The outside diameters can



be toleranced minus from thi maximum
materiaJi condition to eliminate the possi-
bility of interference.

This self-generating construction
technique allow the designer to maxi-
mize 'the gear action for the plastic
mesh. Teeth call be made longer to
increase the working range of engage-
ment or thicker to increase tooth
strength. Attention must still repaid to
traditional gear concerns such as contact
ratio and tooth strength. Khiralla and
Colbourne (Ref. 3) describe mathemat-
ics for these calculations. although very
little practical validat ion of tooth
strength mathematics exists for plastic
gear teeth.

A further advantage of this technique
is that the CAD geometry can be u ed to
compare molded gear features either
optically or with a canning Coordinate
Measuring Machine (CMM).

Plastic 'Gear Sbrinkage
The next critical step in plastic gear

manufacture is mold development. This

requires estimating shrinkage for the plas-
tic gear geometry, a feature that has caused
many potentially acceptable plastic trans-

missions to perform inadequately or fail.
Kleiss (4) wrote about the effect of plastic
gear shrinkage and thermal expansion,
Since thai paper, further work has shown
the authors that it i· definitely incorrect to.
presume that plastic gears shrink isotropi-
cally, or in more common terms like a
photographic reduction. The authors have
found that plastic gear shrinkage is indeed
much more fascinating.

There are two aspects 'of plastic gear
hrinkage, macroscopic and local, The

body and major features of a simple
symmetrical p.lastic gear will have one
approximate brinkage value. This
would include ueh features as the outer
diameter, root diameter, base, and pheh
circles. Local shrinkage around! the indi-
vidual gear tooth has a totally different
shrink rate. The major effect of these
differing shrink rate is 'that tooth, thick-
nes does not shrink nearly as much as
other gear features, In some cases, it can
actually expand from the mold due to
local effects. Thi is mo t profound in
unfilled crystalline materials ucbas
aceta! and nylon.
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Inspeetion
Due to the non-uniform shrinkage

phenomenon of plastic gears, traditional
inspection techniques fail. One cannot
simply measure the major diameter of
Ute molded gear to determine shrinkage
and then roll-test the gear against a mas-
ter gear to ascertai n form. The entire
gear must be inspected for its actual
material condition. One possible method
is to scan the entice involute geometry
and perform a best fit of that geometry

£0 the intended shape as shown in Figure
5 ..The traces in this figure are represen-
tations of tooth. form errors with respect i
to perfect geometry. The general trend of !

I
the negative slope indicates shrinkage
error, while the slope variation of the
traces around the gear indicate gear
eccentricity. These effects are compen-
sated for in Figure 6, showing the gear to
have significant runout with a shrinkage
error of ,009 inches per inch. The tooth
thickness of the measured gear is also
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much larger than specified.
The plastic gear user can perform all

inspection very similar to the one shown
by comparing the molded gear geometry
to the CAD geometry developed in the
design phase. Once this shrinkage has
been correctly accounted for, simple
gear roll testing with a known master
can be used to maintain quality and form
in the production environment.

Testing
The authors' persona! experience

indicates that no matter how thoroughly
the components of a plastic transmission
are designed and measured (cases, gears
and shafts), it is impossible to predict
plastic geared transmission torque
capacity. smoothness, noise and life
expectancy without actually testing the
assembled transmission. The best way to
conduct this functional test is by using a
transmission dynamometer that directly
measures input and output shaft torques
and angular position/velocity. 11 is also
beneficial to instrument the transmission
case with all accelerometer. Spectral
analysis of the input and output torques
and/or velocities will reveal poor tooth
geometry, while a spectral analysis of
the accelerometer data will. reveal poor

Fig. 7-A simple dynamometer/or testing
trallsmissiolls.-

Fig. 8--ThalJsmisison testing device with
,computercontl'olled air cylinder and load
cell

http://www.remehem.com


tooth geometry and indicate the vibrato-
ry power available to generate noi e. A

comparison of tile input to output power
(transmission efficiency) will find mis-
aligned shafts. gears that are jamming
due to oversizirrg or miscut roots, and
incorrectly identified material among
other deficiencie

The dimensions of plastic parts are
subjec] to subtle changes during produc-
tion. For example, mold cleaning and
recutting, changes in molding com-
pounds and/or process can cause these
changes.

The authors have found it beneficial
to periodically te t production units of
transmissions on a dynamometer. By
comparing the dynamometer "signa-
tures" of production units with the
development units, they have detected
significant change in part geometry that
compenentmspection missed.

Transmi sion dynamometers can be
simple or complex. Many transmissions
are DC motor powered. DC motor cur- 1

rent is a good indicator of torque, and
back EM~ wave shape can indicate
speed. By gearing a second motor to the
output, a complete simple dyno test can
be configured. Figure 7 shows an exam-
ple of thi kind of tester. An accelerom-
eter was also used. This test found an
interfering root geometry condition that
component testing missed. A complex
tester is shown in Figure 8. It consists of
a computer controlled air cylinder and
load cell that applies an arbitrary load
function to a slider crank transmission.
This tester found that the torque capaci-
ty of an existing transmission was con-
siderably Jess than believed. 0
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A Modular Approach to
Computing Spiral Bevel Gears

and Curvic Couplings
Dr; Hartmuth Mueller. Dr. meter Wien.er, lOr. IRoland Outscbk

Dn general, bevel gears and curvic couplings are com-
pletely different elements. Bevel gears rotate on nonin-
tersecting axes with a ratio based! on the number of teeth.
Curvic couplings work like a clutch (Fig. 1).

Computing these different elements in the same manner is
based on the idea that curvic couplings are actnaJly a special kind
of plunge-cut spiral bevel ring gear with a pitch angle of 9(f', a
spiral angle close to 0" and a constant tooth depth. This principle
allows curvic couplings to be computed like spiral bevel gears.

The Motion Concept
Nearly all gearing systems are based on the idea of msking

teeth by generating the tooth with a tool that has a straight profile.
This allows mooth motion for both the tool and the workpiece. A
straight rack is used! 10 make cylindrical gears ..The workpiece con-
tantly rotates while the rack moves linearly at a con tant speed.

I

Fig...I-Spiral bevel gears and Curvie Couplings.

Fig. 2-Rack ami plane gear.
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Fig. 3-Taylor approachjor motion concept.
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Bevel gears are made using a plane gear instead of a rack. The
plane gear has a straight tooth profile, and the workpiece and the
tool rotate constantly according to their number of teeth (Fig. 2).

The existing spiral bevel gearing systems mainly differ in the
tooth lengthwise form. Typical Klingelnberg or Oerlikon gears
have an epicycloidal lengthwise shape and constant depth.
Typical Gleason gears have tapered depth and an arc in the
lengthwise direction. The Palloid system creates gears with an
involute profile in. the lengthwise direction and constant depth.
The tooth lengthwise form is defined by the lengthwise shape of
the tool's teeth. In the case of a Gleason. gear type, the tool is a
cutter with blades arranged in a circle. In the case of a
Klingelnberg or Oerlikon design, the tool is a cutter with several
blade groups interfering to adjacent gaps while cutting. The invo-
hate lengthwise form of a Palloid design i achieved using a
tapered hob. Basically. the principle of generating with a straight
tooth profile tool is similar.

For achieving modifications to the flank topography, additional
motions are used along with those of the basic principle. The amount
of these additional modifications is small. in comparison to the basic
motion. Inorder to allow for all possible motions between workpiece
and tool. an effective Ilonreslricting mathematical approach for the
kinematics of the tool the and workpiece is needed.

The basic description of the molion is developed using a Taylor
series. The independent variable is the rotation of the plane gear
called a cradle. All other motions depend on the cradle angle Ct, as
shown ill Figure 3. A Taylor series is easy to handle. The effect of
higher order coefficients has a dear effect on flank topography ..
For optimizing a gear set, these coefficients are a very powerful
tool affecting flank shape. Using several coefficients, the tenden-
cy toward oscillation becomes a severe disadvantage for a Taylor
series. By finding a good compromise between real free-form
motions and handy coefficients correlating to modifications on the
flank shape, a new approach is introduced.

For user driven modifications. we keep the Taylor coefficients;
for automatically driven modifications. we superimpose cubic
splines. The motion concept is a Taylor series plus real free-form
additions based on cubic splines S(x).

The Neutral Data approach (Fig. 4), a mathematical descrip-
tion of the relative motion between workpiece and tool, allows
free-form capabilities to be combined with the wen known Taylor
coefficients. The classical way to do this is based 011 a conven-
tional hypoid machine with the generating motionexpre sed!by a



Taylor series up to order 4 for any of the axes. Basic settings
introduced by Gleason use this approach. Since any relative
motion of workpiece and tool can be described, this approach
supports all existing spiral bevel gearing systems.

The Modular Approach
In designing a. software tool for computing spiral bevel gears

and curvic couplings, iliemst step is to divide the task into sev-
eral independent modules (Fig. 5). If a single algorithm has to
match all topics in the computations, it will be impossible to
make it user friendly and effective. Th presented approach
dividesthe task into several steps. to be done one after the other.

Designing a gear set always starts with the basic data like out-
side diameter, number of teeth, off et, etc. The first step is to
design the blank geometry and the initial settings foe the motion
of gear and 1001. This basic geometry is then used to compute the
load capacity according to standard like IDrN or AGMA. The
next step is to optimize the running beaavior by modifying the
tooth flank topography. The characteristic 10 be improved. is the
Ease-off, representing the minimum contact distance for meshing Fig. 5-Independent mDdules.
pinion and gear without motion error. While designing the Ease- 1.------------------------,
.off,the blank geometry is not touctled. The effects of modifying
the flank shape influence the . tress behavior. This is not taken
into account by DIN or AGMA standards and needs to be com-
puted by either a Finite Element or Boundary Element approach
perfonned after optimizing the flanks.

Dimension Computation
Designing a piral bevel gear et begins with defining the sire

of tile gear set and its ratio. To make ure that the basic geometry
will meet the load carrying capacity, standards like DrNor
AGMA are used. Based on the load and the basic geometry stan-
dards, compute the safety coefficients. Thi approach makes sure
that the size of the gear set is close to what it. needs to be for the
desired load carrying capacity. These standards are very reliable
since they are calibrated by many test runs. The tandards for cal-
culating the load carrying capacity of curvic couplings have to
consider thatlhe teeth don't m h.

The initial data alii a gear set is either the basic geometry or the
power to be traasmined, Slatting with the basic geometry, the
load carrying capacity can be analyzed by calculating the stan-
dards. Beginning with the load, the standards win come up with.
the size of the gear set. It is up to fhe design engineer to find a
compromise between minimizing the gear size and maximizing
the load carrying capacity. The result of the dimension computa-
tion islhe blank geometry including all details of the tooth shape.

Ease-0fT Design
Designing an Ease-off is the most important task in comput-

ing spiral bevel. gears. The Ease-off isa graphical representation
of the crownings 011 the pinion and the ring gear. Mathematically,
tIle Ease-off is computed by calculating the minimum distanee
while meshing the teetbaccording to the number of teeth on each
component Beside surfaceeffects on the flank, the Ease-off con-
tains all the mforneation on the runningbehavior of the gear set.
As aresult, the contact pattern. and the motion curve can be com-
puted. Computing the Ease ..off forcurvic couplings is quite sim-
ple since the Leeth don't mesh.

o;=al··· ..Q;m··' ..1X.:!

~'"a, + b~ (a - am) + c~ (a- ,o;m)2+.. ,+g~(a - am)6 + S~(a)

1 = ilx + bx (a - Ol-m) + ex (0. - am)l +.. ·+tlx (a - alii + S~(o.)

e '" II. + bE (a - am) + c. (a - am)2 +...+~ (,0; - a.,)6+ S.(a)
t", at + b, «(I: - a",) + c, (0; - Um)2 + +~ (a - Um)6 + S,(o;)

y = !Iy + b1 (a - a",) + cy (a - ani + +!l.y (a - 0;",)6 + S,f..a)

Fig. 4--NeutrolData approach.
-

COMPUTING DIMENSIONS
Input: Basic Geometry
Output: Blank Design

Standards (DINfAGMA)

EASE-OFt· DESIGN !
Input: BI:mk Design
Output: Motion Gear I

LOAD ANAtYSIS I

Input: flllllk Shape
Load and Displacement

Output: Hertzian Pressure Distribution
Root Bending Stress

An Ease-off is computed based on a grid covering the pinion
and ring gear teethas shown in Figure 6. For every point on the
ring gear's grid, the minimum contact distance to the meshing
pinion's tooth is calculated and displayed graphically, To opti-
mize the Ea e-off, a numerical repre entation of the graph shown
in Figure 6 is needed. The principle is to extract independent
components baying a clear influence to the contact pattern and to
the motion cunre ..

Figure 7 shows the five basic components of an Eas -off,
Profile crowning limits the contact pattern. in it height and
affects the angle between the contact path and the pitch line.
Increasing the profile crowning makes the gear et less sensitive
to deflections but increases (he motion error. lengthwise crown-
ing changes the contact pattern length. Wlthle lengthwise
crowning, the gear set will run more smoothly. However, sensi-
tivi.ty to deflection will increase and the load carrying capacity
will be spoiled.

Changingthe pressure angle difference will move the contact
in a vertical direction. Changing 'the spiral angle difference will
move the pattern in a horizontal direction. The longirudinal twist
changes the angle of the contact path, the so-called bias angle.

When designing the Ea e-off, enter the numerical values of
the crowning, angle difference and twist. The algorithm then
changes the relative motion between workpiec,eand tool to
achieve the desired Ease-off. Since there are many parameters in
NeutralData affecting the motion, theprogram will ask the oper-
ator which parameter to use. Changing. for example, the spiral
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Fig..7-Ease-oD components.
angle difference can be done by modi.fying the Radial Distance
q:I or by modifying tihemachine root angle "f (including a subse-
quent modification of !he Sliding Base l) or by changing the
tool's inclination defined by theTiU 't and the Swi ....el cr For some
applications there are restrictions ill the root angle, which is not
allowed to be changed even by a very small amount. If the user
does not havea chance 10 enable or disable parameters for opti-
mization, the program isnot usable. The selection of the parame-
ters to be used is a compromise between an operator driven
approach and a fully automatic approach that does [lot permit
user intervention.

The Ease-off optimization changes the motion between work-
piece and tool withomaffecting the blank geometry. Nothing
related to dimension computation is changed by this procedure,

Load A~~ab-sis
The Load Aaalysis is the most time consuming part of the

software package. A rough assumption on the load carrying
capacity is performed during loadanalysis. Atlhis moment. only
the size of the gear and its basic geometry are used for comput-
ing tlhe safetycoeffiC'ients that tell the operator whether or not the
gear size is good.

Computing the stress behavior with the theoretical shape of
the flank is a very precise 1.001 The characteri tics of the Ease-off
are taken into account, and experience with a lot of gear sets
shows the potential benefits of this approach.

Based on tile deflection, the torqueand the flank shape. a cal-
culation is made to compute the deflection of the teem under
load. One of the results is the Hertzian pres.sure distribution.
Depending 0[1 the load. the growth of the contact paltern could
rise with peaks in the pressure when the contact extend [0 the
edge of the teeth. The maximum pressure will be very high in
!bese areas. ~fthis result occurs, the profile crowning needs to be
increased. This win increase the average level of the pressure, but
since the contact will not. extend to the edge, the maximum pres-
sure can be decreased. This effect c-an be demonstrated by opti-
mizing tile de lgn of a passenger car gear set

In Figure 9,. the Ease-off. contact pattern and motion curveare
shown. The Ease-off has 11 strong lengthwise crowning and zero
profile crowning. The contact. path is very teep wlrile the trans-
mission error is about. 31 urad,
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Rede.fi'ni.n'g "Worldclass" tor a new millennium.
The u'Or.ld ,is qu.ickly begtn.ning to realize that the essence
,0/ j'IACSTl!E1· is qUQm" and .sen'ke. Our capacity /t»'
engIneered sleel bars bas grown dr.atnotlcally along witb
a host of value-added sennces Sitch as commercta; ben.t
treath'g ,a,lIl/be palent~d NUrotec '''folmenl 0/ our new
NllroSleel bar·s. OU.r goa.l. tIS we move into the next
mltlemJiu1lJ" is to' conti'.ue our e;draDrdinary growth
while maintaining our #1posll.ion in q-Ulllity and service.

1-800-876-7833
http://www.macsteel.com
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ModeIIGH32-1111
High Pr,oductiion
Gear ,"obber
$ 59,395
3Z" D!iameter
11" or 19" ,Facel

Mod'el GS110-3HS
IHigh Precision

IGear Shalper
$64,795

1IJ' Diameter

~llrt OUI'lNei:I,lite; www.basicmachilnetools ..com
, , Email wolfrabaslcmachIOetools.comg 'SI(' Telephone (323)933.7191

~ ( '( )1.( P( )1.( \:)' E I) Fax (3231933.7487
1,( ( ) l r r- PO Box 36276 Los Angeles CA 90036

CIRCLE 146

GROUND' GEARS - Ten or len'Tho'usand
For small to medium quantities of spurs or hellcats that have 10
meet close-tolerance AGMA or DIN specs, our Reishauer grinders
and M&M gear analysis systems are the perfect combination,

For Long runs, we otter the unique Uebl1err 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 of INSCOcustomers who rely all
us for consistent Quality, reasonable costs, and reliable delivery,

G PHONE:'978-448-6368
FAX..: 978~448-5155

. WEB: Inscocor,p.commeo..·'412 Main Street. Groton, Massachusetts ()1450
ORPQRArlON

. liSIII 91101 Registered
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Ease Off Drive

Contact Pattern Drive

C1I)]
Path of Coniaci Drive Path of Contact COBSI.

Path of Contact Drive Path of Contact Coast

Fig. 8--PressuTe di.stributio1l ,and rool' .bending tre s ,example I
(Drive Side).

. Bending Stress,-...,Pinion
Hertzian 'Pressure

Hg. ~PllessUTre distribution ,ami root bendillg stress example 1
(Drive Side).,

Ease-off Drive

Contact Pattern Drive ContacrPattern Coast

Motion Curve Drive Motion furor Coast

Contact Path :Drive' Contact Path Coast

Fig. lO-Design example .2.
The result of the stress analysis on the drive side using III

boundary element approach is seen in Figure 10. Since the cen-
tact extends to the tooth edge, the maximum pressure is given by
the peaks. The maximum value of the pressure is 2120 N/mm.2•

The root bending stress on the pinion is 620 Nlmm2• The root
bending stress onihe gear is 540 N/mml.

http://www.basicmachilnetools


Rool. Bending SlI'ess-Pinion

F~g~U-Pressure di.rtribulioll and root bending ~trell ,example 2.
InFigure 8, '!he same gear set is shown, bul the Ease-oft' is opti-

mized Profile crowning was increased, the leJilglll.wise crowning
w seduced and a longitudinal rwi 1was i.J:llmduced.The contact
pattern now bas a bias angle, andlhe transmission error is less than
W J! rad This de ign is superior in noise behavior.

The results of Ihetress computation are shown in Figure I].
By increasing the profile crowning, the maximum of the Hertzian
pressure can be reduced to L890 Nlmm2, since the contact does-
D't extend toche edge of the teelb. More' urprising is the reduc-
tion of the fOOl: bending stre son the pinion to 510 N/mm2•

The reduction in the pinion root bending tres is du to the
Hertzian pre uredi mootioD. In .Figure 9, the maximum pressure
was 00 the top of the pinion tooth far from the tooth root. In
Figure ]0, the maximum. of the pres ure di tribution is in the cen-
ter and closer to the root, The distance between the tooth root and
the po ilion on the tooth flank where the fo1'Ceis I.Claded affects
!!he bending stress drasLicaUy.O

Curvic Coupling is a registered trademark of the Gleason
Corporation.

1bJs pBplr WBI tim plI:s.mIJd ., th" fDUllb World COll,l1l1:SSon
IGlllting Ind p'r£w,r TrBl1ImiSsioD in P,r.il, fIInce. ",reb',e.
Dr. Harrmuth Muener
is the Chief E,lgineu for Research curd ~e,lcpmeru for the Klingelnberg
Soehne Technical Centl!f in Ettlingen, Gumany. He studied electrical engl'-
nuring at the Tl!chnica1 Unjve~ity of Karlsru~. where his thtsis related /0

mulli/ll ier !DUling a1gorillmu. He hIlJ led r~ Bellel Gear Working Group of
(he FVA. ,Q research association covering' driving leduwlog)l

Dr. Dieler Wiener
is rhe MOMgillg Director responsible for Researcn curd Development at
Klingel'nbel'g. He studied mechanical engineenng tU' the Technical
Unive~ity of Aachen and ",,'rolehis thesis on r~ lix!d carrying capacity of
spiral bevel geQ~.

Dr. Roland IDutschk
nwiied mathematics a/ the Sla!e University oJ OdessQ, Later hI! joined the
Technical University of Dresden 10 pufol'm research wort While there, he
wrote a thesis aboul thl! geom.etrical problems in th« manufacI'urlng and
meshing of spiral' bevel gears. He has worked' a/ .Klingelnberg since 1995.

ASANO GEAR CO., LTD.
G- ..r s· . . ~ -lists S-ervi'n ...1-.1 . -."..; m' ·ld·· :..1 .eapecw:_ --K mausmes OrWud!

Asano Gear has,over 7.0years of experience as
a specialist in the manufacture of products
ranging from high'precision transmission gears
B,nd engine gears to vehicle a.xles and speed-
acc.eler,atingJdecelerating gear assemblies.

Standard prllducts:
.' Four-wheel driving axl as 8nd

axles tor construction machinery

• iransmission gears

• AutomotiVB vehiel engine gears.

.' Hypoid gears.

.' Low cost, high performance
torque-SBnslng diftarenUBls

• Powerful, dur.able, high-performance
planetary gear reducers

• High-efficiency continuousl\!
variable ,utomalic transmissions

Sales Office: ASA'NOIAMERICA. INC.
5!i55 Oakbrook. P,arkwa" Suitl 440',.NII.Tcmu, GA DI93

Il'htme: 1110)44-9-0500'. Fu: mOl .209-0165,
E.-mail:Asano@AsanaA~lIrir.:lI\c:aml • Website: wwwhlDoAmericuom
Our t:urpo.ratll goal i ,ongoing improvemelll oj gtaJ' per/ormance

,and ,the dtftlopmtnl oj ntwproducts a.1/JJ technolDgies tlla:t
delipel' ,total eu tom r .aJ4Ja£tion.
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Too'llnk IEng,I,neering
offers Ihydraulic arbors

made 0' a light
metal alloy that

weigh up to
70% less Ihan

Hi'ghest
A.ccuracy
Feather light
hydraullo
arbors can be
manufactured with
runout as low as
2 microns. The clamping
sleeves are replaceable. This
tooling is suitable for measuring'.
tesl,ingl, balancing, gear grinding
and other applications.

T_~III ,.,.a-NDfI1
AnwncotI ... _ 01' K~ mlm' Work
f-.g 0.- __ .......-...g
1Ij)PI<oo!- .-...-. .•_ShIcIIn!I,
.,0- t-.g .•a.r -mo ,.Tool,
~, • T...... Ul •• !).D. !!rincIIng

• -...... '·1'I.wnIn!I'liIftlil1g.

foollnk Engineering
2870 Wildemess Place

Boulder. 0080001
PH 303.938.8570
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~.. ",...ass,er
0- tH ,- TAt_ lree __onlng- ---

Fast, economical Mrd gear finishing processtl1at increases gear life
while reducing Of eliminating gear noise.

• -'nternal, or external gears
• Spur, helical Of cluster gears

Wrtfll[)irect Honing you can hob, heat treat and hone your gears to mar-
kel reqUIrements.

With Universal Honing it is,:po;ssillie to flnisl:1, ,8 family of gears Mvlng the
same tooth characteristics with varying, numtrers of teeth.

With Comllf-Honlng you can rough ami finish on the same' machine with
honing stones mounted 'In tandem.

CHAAAClEIIJSTlCS IOFHONED GEARS:
• Increased wear resistance
• High sulfate Ilrlish
• Favorable machining marks for noise reduction
• Low surface roughness guarantees a permanent oil film

Fassler
Fassler Corporation
131 W. La~nl Avenue'
Sulte30B
Milwaukee, WI 53201
Phone: 1(414) 769-0072
Fax: (~14) 768-!l4i1'1J
E-mail: fassler@execpc.cmn

Fassler AS
Rings1rasse 20
CH-B600 DfiDendoril
Switz,eriand'
PhoJle~011~411.1S02-35~21
Fax: 011-411-002-3&-991
Web: www.faessler-ag.ch

Fassler makes glood 'glears beHerf
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____ T:E.CHNICAL 'CAILIEND'AR:
May 8-10. SME Gear Design and Heat Treating Programs•.
Nashville. TN. The following programsare being sponsored by
SME: The Preliminary Gear D ign Thought Process (May 8). the
SME Heat Tr-eating Conference (May 8-l2),a:nd Advanced Gear
Processing and Manufacturing (May 9-]0), Call SMEat (800)
733-4763 for details.

May 10-12. The 91h International Induction Heating
SemInar. Hilton Clearwater Beach. Resort. Clearwater. FL
Technical papers will be presented on a variety of new processes
and developments [II induction heating technology. For informa-
tion.contact lnductoheat at (248) 585-9393.

May .~2:4. Fundamentals of Paral1el Ads Gear
Manufacturing, Pheasant Run Resort. St. Charles, IL. Sponsored
by Koepfer America, L.L.C., this course will pre-sentsix. speakers
discussing basic and advanced gear manufacturing, inspection and
technology. Tours of several area gear plants and equipment
demonstrations are included. Call (847) 931-4]21 for details.

May 23-25. Eastec 2000 Advanced PJloductivity
Exposition. Ea tern States Exposition Grounds. West
Springfield, MA. Sponsored by SME, AMTDA and AMT, Eastec
2000 promises to be the East Coast's laegesa manufacturing
exposition. There will be SME-sponsored technical courses on
advanced manufacturing technologies and processe . For details
log onto www. me.org or call (800) 733-4763. ext. 1.600.

May 3O-Jone .3. The 2000futemationaJ Conference on
.Powder Met&Unrgy & Particulate Materials. New York: Hilton.
New York. NY. Sponsored by MPIF and APMI International. A
four- day event featuring over 250 technical pre entation and a
trade exhibition showing new materials, equipment and products.
Contact MPlF aI. (609) 452-7700 or visit their Web site at
www.mpif.org.

June 19-:23. NPE 2000-Tbe World's Plastic Showcase.
McConnick Place, Chicago, LL. Sponsored by SPI, NPE 2000 will
have exhibits from over 2.(lOOcompanies from allover the wodd
showi ng the latestin machines, materials andprocesses. More than
85.000 visitors are expected from over 100 countrie . Call SP~ at
(202) 974-5235 or visit www.npe.org.

June 26=30. AGMA Training Sehool for Gear
Mal1ufacturing: Basic Course. Ricllard J. Daley College.
Chicago, IL Five days of classroom and band -on training in basic
gearing, efficient machine set-up techniques, accurate gear mspec-
tion and gearing ca1culation. This course will be repeated
September 11-15 and October 2-6. Call AGMA at (703) 684-
012]] or visit www.agma.org.

- -

------

Ten Us WUI YouDillk ..•
If you found this column of interest and/or useful. pla.se circle 2M.

If you did not care for this column. circle 215.

If you would like to respond to this or any other article in this edition of
6s8r Tschnology, please fax your response to the attention of Charles
Cooper. senior editor, at 847-431-6818 or send I-mall messages to
PSOpleOgS8rtf1chnology.com.

mailto:fassler@execpc.cmn
http://www.faessler-ag.ch
http://www.mpif.org.
http://www.npe.org.
http://www.agma.org.


Quieter Gears.
Engineered Metals.

Tbere's only one way to ensure that.
tbe gears you pmduce win always deliver
superior and quiet performance, Make sure
they're bred from quality stock.

Dura-Bare continuous-cast gray and ductile
iron performs like free-machining steel with an
important added bonus - quieter operation.

Like steel. Durn-Bar can be austempered,
through-hardened, Ilame-hardened, or induction-
hardened for added wear resistance. But the
superior noise and vibration damping characteristics
of Dura-Bar make for quieter running
gears. And Dura-Bar is 10% Ughter than steel.

Dura-Bar round barsare available in diameters
r,anging from.5/8" to 20° and lengths of 6-20'. So you
won't need to make major changes in your machining equipment.
And our extensive invento.ry means Dura.-.Baris available now - when you nee-d it.

When it's ,quaUtymaterial. quiet performance, and quick deUvery that~~ ..·,·~.
count. look to contimrcus-cast Dura,-Bar for your gear production needs. ~

D-I-.-, _,'~IA,-"""®_ URA _D.tU(.__
l-SOO·BAR·MILL (227.f34.55)• 815-338-7800 I) Fax: 815-338-159
2100 West Lake Shor~ D.rive, Woodstock. n. 160098-7497
Web Site:www.dura-bar.com '. E-mail: saies@dura·bar.comContinuous Cast .fron. Bar Stock

C,ontBct WI lor the liatest ,data en gear norse.

http://Site:www.dura-bar.com
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Ge'offrey Parrish, Carb,urizing:
Microstructures and Propel1ies, 2nd ed.,

ASMI, 191991

, 2,47 pages,

eoffrey Parrish has updated and
expanded his previous book:
The lnfluen.ce of Microstructure.
on the Properties of Case-

Carburized Comporumts. It now contains
at least twice the material. References
and bibliography include 449 citations.

Carburizing should produce a tem-
.pered martensite surface. However. other
microstructures may form. The e can
include jnternal oxidation, decarburiza-
tion, free carbides, retained austenite, and
mierocrack . Pam h discusses these as
well as micro egregation, cleanliness,
grain size, and residual stress.

Bob EnicheUo
isa technical editor for

Gear Teclmo{lJgy. He
founded GEARTECH. a
consulting company !hat

specializes in gear fail-
ure analysis, in 1978.

Manyof their investiga-
tion have involved car-

burized gears.

IReviewed by Roben IEnichello,

Parrish explains how microstructural i mitiga.ledUuough steel design, process COD-

vananons influence bending-fatigue i trol, mechanical or chemical removal.and
strength, Hertzian-fatigue resistance, wear i gear design. The steel alloy should contain:
resistance, and scuffing resi taace that are i· Carbon for adequate core streagth,
of particular interest to gear designers. I but not enough to reduce compres-

The following summarizes informa- i sive residual stress or cause exees-
tion provided by Parrish on the cause, ! sive distortion or growth.
effect, and remedy of adverse microstruc- i· Nickel to add toughness Wease and
rural features. l core,and suppress HTTP ..

Internal Oxidatio.D i. Molybdenum to increase hardenabil-
Cause. Conventional gas carburizing I il:y of case and core, and suppress

oxidizes elements in steel such as man- i HTIP.
ganese, chromium. titanium. silicon, and I· Manganese and chromium to
aluminum, but not iron, tungsten, rnolyb- ! enhance hardenability, but less than
denum, nickel, or copper. Oxidation] 0.5% of each.
mainly occurs along the grain boundaries I Process control measures, include:
at the component's surface and penetrates I '. Prior to carburizing, ensure surfaces
10 a depth of on me or two grains. The ! are free of scale, rust, or lubricants.
elements involved diffuse to. form the • Use vigorous quenches to min:im:i.re
oxides and consequently an alIoy-deplet- HTIP.
ed mace layer with. low hardenability. • Introduce ammonia into carburizing

Effect. Since most carburized gears chamber tor a short period at end of
are ground, internal oxidation is removed
from active flanks. and does not affect
surface properties such as Hertzian- I
fatigue resistance or scuffing resistance. I
Internal oxidationis of most concern for I
its effect on the properties of unground !
tooth root fillets. On their own, these I
oxides are not thought to be particularly i

detrimental. However. any nonmarten-
Silk micro tructures (pearlite, Bainite)
that forms due to local alloy depletion are
detrimental because they:

Reduced near-surface hardness.
• Lead to tensile residual stresses.
• Reduced bending-fatigue resistance

up to 35%,
Remedy. internal oxidation can be elim-

inated by using oxygen-free carburizing
atmcspheres or vacuum-carburizing
processes. Witb conventional gas carburiz-
ing, the effects of internal oxidation can be

carburizingcycle.
U e nitrogen-based or exothermic-
based armo pheres.

Oxides and HTTP can, be removed by
electropolishing. electrochemical mach-
ining. bolting. grinding, grit blasting. shol
blasting and shotpeening. Some of these
methods risk negative side effects. For
example. abusive grinding can induce
tensile residual stresses and reduce bend-
ing-fatigue strength. significantly.

Finally, engineers can reduce Ibesig-
nificance of internal oxidation by design-
ing gears with iowbendii:ng stresses ..

Decarburizatioll.
Couse .. Decarburizauon, carbon loss

from the workpiece surface, OCCUrs.
above 700°C when the furnace atmos-
phere contains decarburizing agent .such
as carbon dioxide, water vapor, hydro-
gen, and oxygen.
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Effect, Shallow decarburization, a •
minor reduction of surface carbon, does
not greatly influence macrohardne .
Severe decarburization results in ferruic
or bainitic surface microstructures tilat •
significantly reduce hardness and fatigue
strength.

Remedy. Severe decarburizarlon
rarely occurs with modem atmosphere
monitoring system " good plant mainte-
nance and supervision, and ound process
control. Decarburization that is caused by

inadequate diffusion time OF incorrect
atmo phere during the boo I1diffu e
cycle is easy to correct. Parts with. shal-
low decarburization may be salvaged by
grit blasting to remove the affected, layer
and shot peening to ensure compressive
residual stresses. For deeper decarburiza-
Lion, consider restoration carburizing if
added distortion can. be tolerated,

Carbides
Cause. The amount of carbide and its

morphology depend on carbon content,
alloy content, and cooling rate. Carbides
form at. the carburizing temperature if
the carbon content of the aostenite
exceed the Acm carbon level, [f au teo-
ite contains carbon in excess of the
eutectoid composition, but les than the
Acm carbon level, carbide will precipi-
tate at the austenite grain boundaries
(networks) during slow cooling from
carburizing. Formation of network: car-
bides indicates that the carbon potential
was too high for the steel. concerned.
The elements promoting carbide forma-
tion axe phosphorus, which egregates to
grain boundariesv aad chromium that
form spheroidal carbides. The elements
that suppress carbide formationare sili-
con, nickel. and molybdenum, Since
carbides develop during slow cooling
from carburrsing and reheat quenching.
direct or single quenching tends to' sup-
press carbide development.

ERect. Fine, dispersed carbideparti-
des are not regarded as detrimental.
However. mas ive globular and network
carbides reduce bending-fatigue resis-
tance. Above 30% carbide content frac-
ture toughness progressively declines.

Remedy. Met1lods to prevent carbides
include:

Avoid excessively high carbon
potentials.
Round edges of workpiece to deter
carbon buildup,
U e fine grain steel to reduce the
amount of carbon deposited at grain
boundaries.
Avoid steel alloys prone to develop-
Iag network carbides such as lean-
alloy grades with nigh chromium or

manganese content.
o Consider subcritical annealing and

requenching to modify (pheroidize)
carbides, A high reheat temperature is
feasible. but might create other prob-
lems such as grain growth, retained
austenite. and distortion,

Retained Austenite
Cause. Ilf part of the martensite trans-

formation range lies below thequenchant

NOW
-.r-U IHAVE

I :ER C:HO- 'IC-IEI! 'I - I I . I _ I I

AJW Systems Go. announces that it is now a
manulacturing source, ot spiral gear roughing
and finishing cutters and bodies.

We also can manufacture new spiral
cutter bOdies in diameters of S' through 12"
at present.

AJW can also supply roughing andlinishing
cutters for most 5"-12" diameter bodies.

Whether iI's service or manufacturing, con-
sider us as an alternative source for cutters
and bodies.
You'll be in for a pleasant surprise,

NIEWI Straight IBevel 'Cutters.
Floy.al Oal<:, Michigan 48067

Tel; (248) 544·3852 • Fax; (248) 544-3922
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temperature. some austenite wHI be
retained. The amount depends on the
steel alloy, carbon content, quenching
temperature, arid quenchant temperature,

F,ffect. Retained austenite reduce
hardness, strength, and compte sive
residual stres . It is detrimental (,0 both
bending fatigue trength arid scuffing
resistance. If excessive, retained austenite
may promote grinding cracks,

Remedy. Carbon potential and quench-
ing temperature mil t reappropriate for
the steel alloy. Lean alloys are usually
direct. quenched, and highly alloyed steels
are usually reheated and quenched.
Quenchant temperature must be low
enough to avoid excessive retained austen-
ite. Refrigeration reduces retained austen-
ite and raises surface hardness, but it can
reduce bending fatigue strength.

S'andw.;c'h,ed b'etween
tig.h.t specifica,fions and an
eve» tigh.terde',adl;ne?

Let Milwaukee Gear's custom geaT service» prepare your
project your way.

• Engineering and design services
• Prompt,. accurate quotes
• Competitive pricing
• Cost-effective manufacturing
•.Complete heat treating capabilities
o· On-time delivery

Supersized orders or small, we have the expertise and equipmen:
you need for AGMA 08 through a14precision gears .andgear
drives. All topped with the best service support in the indust1Y.

p.o. BO~.170615
5150 N. Port Washington Rd.
Milwaukee, WI 53217-8091
fei: 4 4-962·3532·' Fax: 414-962·2774
E-mail: support@milwgear.com
www.milwaulteegear.com
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Grain Size
Cause. Grain size is refined by adding

elements such as aluminum and vanadi-
um to molten steel Grain size is influ-
enced by the austenitizing temperature
and soak time, where high temperature
and long soak times prior to quenching
can encourage grain growth.

Effea. FIne grains developed after heal
treatment improve mostproperties including
fatigue strength and fraclUre toughness.
Coarse-grained steels distort more during
heat l!reatmentand are prone to cmddng and
microcracking during quenching or grind~
ing, An inherently fine grained steel can
make quench hardening difficult.

Remedy, Purchase steel with appro-
priate quality and Lest grain size to
en ure it is within ASTM No.5 to g,.
Normalize forgings and bar lock.

Microcrackiog
Cause. Microcracks form when grow-

ing martensite plates collide severely. The
risk increases when the carbon content is
above 0.8%. Steels with carbide fanning
elements are susceptible to microcraeking,
especially if grains are coarse,

Effect. Experiments are not conclu-
sive, but it is possible that severe microc-
racking will have a~ adverse effect on
bending fatigue strength.

Remedy. Use fine-grained steels and
avoid lean-alloy steel . Limit surface car-
boncontent. Direct quenching appears [0

produce moremicrocrac ' than doe reheat
quenching. Tempering immediately after
quenchin drives off hydrogen and thereby
removes a potential contributor '10 microe-
racking tendency, Do not refrigerate,

Mlerosegregatlen
Cause. Mierosegregarion occurs as

steel solidifies in ingot :molds. Alloying
elements segregate as dendritesgmw.
The order of suseeptibility (most prone to
least) is slllfur~niobium, phosphorus. till,
arsenic. molybdenum, chromium. silicon,
manganese, and nickel, Forgingc!jstrib-
utes microsegregation into bands.

F,ffecl'. Hardenability of alloy-rich
bands is higher than alloy-lean bands.
Bainite or other HTIP may form in alloy-
lean bands resulting in low fatigue
strength. and failure if BTIP occurs .in
highly stressed area .

mailto:support@milwgear.com
http://www.milwaulteegear.com
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Remedy. Mierosegregation cannot be

avoided. However, adequate mechanical
working during forging helps to redistrib-
ute egregation to more favorable direc-
tions. Soaking at elevated, temperature
can reduce microsegregation, but soak
times can be lengthy.

NonmetalJic Inclusions
Cause. All steels contain numerous

nonmetallic inclusions. but cleaner
grades have fewer large inclusions. In
clean steel, most inclusion .are lessthan
0.2 J,.lrn, whereas dirty steel contains
many inclusions larger than 201J..l11. Some
inclusions are introduced in molten teel
when refractory material eparates from
furnace linings. runners, and ladles,
Other inclusions form because of reac-
tions during deoxidation in the melt or
during solidification.

EjfecJ. Many fatigue cracks initiate at
nonmetallic inclusions. Harmful effects
depend on chemistry, ize, locatina, and
quantity of inclusions: strength of the steel;
and residual tresses immediately adjacent to
inclusions. Many fatigue failures are initial-
ed at inclusions located near the case/core
boundary, where residual stresses are tensile.
Hard. undeformable inclusions such as calci-
um illuminates, alumina, pinels, titaniwn
nitride. and silicates are most damaging and
rnangananese sulfide is regarded as being the

least potent.
Remedy. Control steel cleanliness by

using modem steelmaking processes such as
vacuum. degassing, electroslag remelting, or
vacuum-arc remelting.

As you can see from the above, Parrish
discusses many imponam micro ttuctnral
features of carbnrized components.
However" the book covers, much more
including core properties and case depdt,
postcarburizing thermal treatments (temper-
ing and refrigeration) and postcari:mriring
mechanical treatments (grinding. roller bur-
nishing, and hot peening).

Failure analyses show carburized
gears often fail because of defective met-
allurgy. This is not surprising. given the
number of variables involved, and the
tightcontrols required for manufacturing
high quality gears. More often than not.
Parrish's previous book explained why
these failures occurred. Now. Carburil.ing

promises to be even more helpful
Parrish' text is a valuable resource

(or gear engineers, heat treaters, qu.ality
assurance personnel. and failure analysts.
My confidence in a gear manufacturer
will be heightened if the heat treater has a
dog-eared copy of Carburizing ..0

to ord1er Carbur:izing.:.Microstructuresand
Properties, call ASMlat (,44DI338·!5151.

Tall Us What You Think. , .
If you found this article of interest and/or
useful, please circl ••.

If you did not care for this article, circle 2&1.

If you would like to respond to this or any
other article in this edition of G8B' T8chn-
ology, please fax your response to the
attention of Charles Cooper, senior editor, at
847·437·6618 or send e-mail messages to
people@geartechnology.com.

PROCESS
Inspection

~" I

:;,;~.... -

Since 1936 ITW has provided the gear industry
with gear inspection devices_ Put your trust in

the people who invented the process.

PRODUCTS AVAILABLE:
• Manual double flank testers for coarse pitch.
• Manual double flank testers for fine pitch.
• Computerized double flank testers for

coarse pitch.
• Computerized: double flank testers

for fine pitch.
• Dimension over pins or balls.
• Automatic in-line gauges.

No matter what the application; coarse
pitch, fine pitch, externals, internals,

shafts, metal or plastic - we look
.forward to working with you.

ITrfiJfl Heartland
1205 36th Avenue West

Alex!lndna, MN 56308 U.S A
Ph: (320) 762-8782
Fax: (320) 762·5260

E·mwl: Itwgears 0 rea·aIp.com
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Welcome to the 2000 Gear Technolog-,

Gear Manufacturing Directory. Here you'll

find lbel name-s,andl manufacturing capabili-

.ies lof hundred's 'of to,p custom Igear man "

'acturers, gear manufacblringl job shops and

gear sellers, IComplete, contact !informatio

can be found in the Company Index. (p. 57".

Gear TecluTology adv,ertisers are s'hown in

boldface typo. To find the pag,es on w jch

mheir ad's a,ppear, please see the Advertiser

Iindex on p'.n ..

Many of the companiessflllwn Ihere can

also be, found on The ,Power Transmission

,Home Page™, which has a far more ,compl.-

hensiv,e d.irectory of gear cateQorios, and

specifications. as well 8S listings for many

other power transmission Icomponents.

While we ha,ve made every eHort to

ensure that company names ,and addresses

ar'o 'correct we cannot be hel'd responsible,

for err,on 'of fact er omission.

If yo ur company is not listed a Old you

would like to' be included in neld year's direc-

tory. e "mai IpIJopIB@gsartBctmDlo{}y.com 'or

call 1.:8411,431-6804.
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GEAR, MANUfACTURING FOR THE
A:EROSP:ACE/DEFENS e/AUTO MOTIYE

INDUSTRIES
'. CrttlCBVCamp ex aircraft eng ne' and m!ss~ege811,
'. gearboxes and assemblies
'. spur, heTIcal.warm gears, sprockets and pullevs
'. inlemal and external splines
'. bevel and spiral bevel gears

Visit us at our wsbsite: mvw:supremeI1911r.com

SUPRLME GEAJlCOMP:ANY
19024 Florida. RosHville. MI ,48066

Phon ': 8110·Tls.&325,. Fall: 81'O"Tls..1227'
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INTERNALS
SPURS
HELICAlS
WOR-MS
WORM GEARS
SPLINES

SPROCKETS
TIMING PUI:.LEYS
PINIONWlRE
RATCHETS
GEARRACl<
BROACHING

MITERS! BEVELS
SPIRAL BEVELS
HERRINGBONES
GEAR GRINDING
eNC MILLING,
CNCTURNING

PlJflX~lIld>h'I1I·\ 1/,

PH 215,.1'03.0390· FX 215'.7'03.'03,91
------------ - -
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ININOVATIVE flACK & 'GEAR COMPANY
• Custom manufactured gears and gear racks
• American lind metric commercial to AGMA 11
• Racks milled' or shaped
• latest CNC milling technO'IO'gy
• Prototype to' prO'duction quantities,
• Complete or eut teeth only
• Breakdown seNice available

Pbona: '[630) 166-,ZS52 Fa: (1i3D1166-3245
IE-IlAJI.: IT'lRcIt ,ol:,;om

"THE RACKS YOU DESERVE'"
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wrlN "'.TN,-
Worm Gear Speed Reducers
Single 'Enveloping &.lDouolll' Envllioping

Worm Gear Speed IReducers
Helical Gear lind Planetary Reducers

Custom. Build·ta-order &
Stock Configurations

Innovlltive Solutions sillcel901
Ph: 716/592-93,10. Fax: 71'61592-'9546

WVlIW.winsmith. com
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HA'LIIFAX RACK & SCREW
World-CI.ss GIlT #lICks .nd L'IJ/tS'I:"M
Halifax is ene 01 the world~s Larg st manufac-
turers of gear racks and laadseraws. Our capa-
bilities IP~ovide motion control designers tha
precise product for virtuail:y allllllplicarions.

Hamal Rack II Screw ICuttingl'Ca., IL:td.
www:hrs-cc/.co'.uk

Contact UK +44(0)' 1484-714661
IC.Dnlact!USAUDiI56J~n2
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A!KRONi G~A_R ,IENGINEERINGi
auality Cola,Mana/aCbJnng Since "!1ft

Rne Pilch or Coarse Pitch. PrD1oty1l9 to Production RUJ1s,
• Spur Gears to 120" OD
'. Helical Gears to 84' 01)
'. Herringbone Gears 10 71 00
'·Internals, Splines. Bevels. Sprockets,

iRacks, Worms and Worm Gears
24·HoUf Breakdown Service all Standard Gearingl

Design Consultation. CAD CapabilillBs and much morel
AkliDNI GEARA ENGINEERING
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Erlbacher Gear & Machine Works
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CIRCLE. 196

Al'A BEAR.S,. LTtI. _blllll"d i. 1931 oelalizn, i. 'mil Intlfd:'
'bodln'., allbi;b """lily ~, _I i...camP01Hl1III. 0111'
,nr.ln Iproducb 11''':
SiPfJlAl. BW-EL GEAR.S, - KIi.-~I!!"'" IMliinrultl' dr_at 1l1li1
inch •• In G",... d,lhord,c!!! or Y:ppod nll;sh.

'OEI!UKON'molm crown .. h,.1 dl.m.~I',26 :inch...

c- :IIIlId'rlfItI ,I., II'" 1I!!l~ up !!I5!DI HP,

ClRClI.E 160

II. rlwlwifJlra1')' "O'''' pfanetDr)' gnzrilfg
concept noll' palBllt.ed 'Worldwide,

• Hig h single-stage rsducnon (9:1 to 5000: 11
• Zero backlash ((J.fI57arc{min)
• High efficiency (94%+ sse AGMA 1,55589-659-6)

• Hi,Qrh,.S.t,iff. n.,e,5.S," 111,UltiP,letoDth contact@,..• 30% hig her tor,que than others, . ,A;
but more compact and Ii~h~er ,-4-.;;,'

• Can :be a ppfled to eny eXJslIng '"
cycloidal'planelary system '

For licenSing ,enqUlnu and: I>peclaldasign applica!lOru. n !

[KONA GEA.IITECHNOLOGIES, INC.
Td (11M]611-3C35• Fu: 'I~J 61l,!4J1 '. -.ihn..,..r;':1/iIII
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IjEUCAl GEARS CONtINUED'

I...tiillo Ocar CUiiipillllY I' Ill!'
L.... O""'_ I.Ir CoIl Call
M.Id.ttioI SJl'Qlrm II: c;e.. roc.. Call ColI e.
M __

.n' 16' ll)l' 201"
N.lftJlifGe.l~.lIK' Call "" L750f .lO'
MJIItlkIc..r..l!>c:. .:zoo' t' ..P\CDdA 13 IHlP 0'
M.nloSplO<IzI&CIeor.In<. Call Coil CoIl Call Call
''I.... _EnaI-. Jill" 16" JI/.'lI.IA9 lOOP 16'
Ment Ow C-Orpot"II--.i!OO Call ColI ColI Call Call
mO IlIIIUG<wo Call ColI Call Coil Coli

'lWw"" t~p.JCorponIIm ,Call 7Z' AGMA '2 IOf 201'
Mldw('Sff:l;tlt,i!I,luDI .25' [" Clli 411·] [)I' Call

IIW'IiIti.., f"d!Iii' llliilpu:il! ..5' (10" AGMA '4 "lk1'0I' )L'
!l401.1tm Gel( II! MlChlnc, lne. .25' 30' AGW>9 3D!' W
M_GeorMt" "" 90' AG/.!A8 l..'l,lA'OP 16'
M_ MIIt"""'.t. 0..:, 10<. .r )6' AOMAI 1.0~ 16'

1Io&o-",!ioor~ .25" I)' AGMA 15 4-jIJ D!' Call
·,...,c..p.ul_ cal eo. eo. Call Call
U.Dn Oar ~rr_ .25' 1M' ColI Call Call_I

-'00" r !.GIoIA 10 IOD!' Call

'_ Sbo:n 0..: l1l<I Tool ~ 'COlI H' JlGMA 12 H,!.:)DP Call
Nonl1<m II»! Ill!! Ow Ca.Ud )0_ 1:100 ... OliO 16_ !!oo ...
O'B... liHr~ I' 166' AOIoIA tD I DP I.'
O(jvrr Or""," lIE', I' 'n" AlJMA9 I.!Of 216'
ow.. O-uo "'~ ..LId. :6011Q .,!O_ AIlMA 11·12 )5_10 LIOOIiiiIIII
o..n.. a...oItTooj~ 2' It'' AGMA II I~JODP Coli
Pain Ma:b&nc COillpiiOY 2' tr ....cw.1 lOP )I'

_~Go.-~ I" n" JiGMA I) IPI' 36'
Pmy'l«bnoIocl' c..,.n.;. Call J6'

_10
lOP I'

PhJ:Jhpl"'M(!ibJi:~ C!:!mpInY Clil 6' ,t/ICiM~(,.I 2Q.IlD DP CoIl
FIC !)g"" us- W AO.MA 12 lOP 16'
Poly!b S<l!J!!ur CIll CIiI CIil Clil Call
~.hc, )' 10" AGM~II ""·1 DP W
I'roc_C~ I)Hj" 6' JlGMAIO ;!II.l2ODP 2.'
PralI:uulI Our Cil I,,' 26- AGMA u 2.59(1DP I)'
Pi-tc.u.iiliioGewInt' I' W AG!>!A 1l).1~ 1"'1' ill' 12'
Pte..UW,jj~lfiC .25' lti.OO' AGfoCAlO lOP )6'

Pm:rlic:C~1 1" 14" ACMA 1,10 2-10!' r_Goof CoIl Call Call Co!I CIil
PmducuJ-I':1I' 1.0" 111),0' ACMAII c.n ColI
~'C .... IK. JOO' 21..5" ACMA 13 ",BDP II"
,Propbot COl' I,.. 12" I\IlM.A 10 5DP r",.""""'~ c:au Cd 0IiI CoJl CIil
QuolJIyo.. .s- ,... ColI lOP 15-1"
Qoo!'1Y O<v MIl 125' 215' NlMA.5-ID 404lDP 16'

Qooo!!Il"'''-C_ 10mm LOOO rnm ILSI au CIil
R_·M 20_ 650_ c.n 10_ 150_
R.iipodU ... CoIl C.. Call elil c.n
Rnlmo Gotrlll<. CIil Cal CIII c.n CIII
_car 'MI. ,7S1' ID" !I.GMA 11 Call 4'
- C_ Ca]>!n!ioo .250" 26' AGMA 12 20P JO'
I\JL.M-'Ia<. CIiI ,.. Call CIil CIil
.Roc MKh:inc. CoIl W Cd <01' 6"
,R.-- a.... PIJ. LId. CIiI ,Call c.n CoIl CoIl
R:1I!.1'i ('Uti, lIE. .25' q' AGWAI 2061 DP 6"
SctilfCII oar Work.s,loc. .2jQ" 16" AGiIt"IO HIP 10'
Si:hftftl PrI!OiI-OO, Ge.- ell. .W 12' AGMA 13 6H'OP .-
SD~uCOI'pilI'I.uon C.II c..n cau Call Call
SHW·("~ll .. II-'I:e lid so'""' l'OOOmm IS06 16rno<!1!10 JOIImm
ShMIl.bi fi\tm 1O.... JlOOmm DIN 6 30..... 10 Call
S!:ll.!l! H!!UI ~i<;lon & Indus.try 20mm IOOmm ColI 1,16_10 Call
SI'M 12.0_ 110.0 ... !\CL\I" II CIiI 14,nv:n
SprmiUC~l' CoIl Cal CIiI CIII Call
sl>lil~a_Ca. I' 2IIll" ACMA 12 I DP 24-
S1D ~ Gerolt trurnm... I"" CIil Call ColI Coil CoIl
SIodri £Jrtw ~rlJnll~ 20mm 116mm. CIiI 1,3_10 CoIlSudo_ GoIr",,·.o. 6... 2000_ DIN 2 2tl:1lDdu.le CoIl
~~o.p.d_ CoIl Cal Clil Doll ColI
s.-'G-'~r CaU Call CoIl CIil Co!I
S_C--lftJOCIiua_ CIil ColI CIiI CIiI Call
,....,.",0-0>. ColI ColI ColI 001 Coli
Tiko G,.o a Go.- .000' 12' MOW. 15 UDP .'~~."Ml'" 1.0" 9.00" IIGMA'II HlP Oil
TrIiL_ El!iln<orinl Co. II><. CoIl CoIl CoIl CoI1 ColI
T_Ch..mCa. 1.:)_ 6..10 ,alii! CIiI CoIl CII!
U!Lw;vr,)~ jW 11.(IOO' A(jMA 12 .DP 6"
U..loo. C'_ '" Spnockd Cotp. -'00" st;' AGMAI 1DI' 6'
Uni.qIIC Pm.1:I PmduL1:i. tee, .!OO' I~.oo:r ,t/ICiM... IJ HlP 5.1IllO'
VOn Ilu"c:n MflJ- 'Ir.e. .5' 12.D" AGMA9 '.25'" r
\o\lrpr M""'P'S~i_ CoIl I' AGMA 12 MOP Coli
WcDLtifilt'ii AU z- OO" AGMA7 I"OP 20"

I

Wet JOOdjU'lu. ~oo S 18" AGMA 12 HlP 1M"
Yw1ndK!l" Gr. " DriYC :mc. 0.75' 12" JlGMA 1l,I5 """DP Call
\\'001en Corp 7' 00" CoIl ""~ DI' 4'

I' X1d' hx:, .' ,..,' ACMAil-I2 ./ill OP 3(1'

X1UMI Sen_ s- na' AGMAI lIIIDP """
INTERNAl. GEARS I

~a:I'!.6r&'nt W II' AGMA 10 H)!' ColI
ARA~POT.111L': IOU' 4N ...eMA. 11-96 DP JIlT""""* M,d .."" '" ~!o<. Z' ]6' Call CoIl I-
AckO-Co.1n<. Col! )6' AGIIlA 10 c:.u cal
ACIl-.......l..,. .2:5' 19" AGMA I" <DP .'".,...-~ .75' 1.1.0" AIlJoIA I 4 Ill' 5.0"
_ I'I=.n 0... 'lac. I' lO" AGMAI Jill' 10-
~ __ 0.. a Modo ... Cutp. oJ' 30- AG:"" 10 c.!! QII
Ad>oaadJ,1!jo MIdU .. _ b!< S' " Col! c:.u l'
ACfi~OW'[nc. 2' 6' A.GMA 10 Call 2"
Ab ... ~"~ c:.u 36" ACiMAI JDP 6"
An P'ovr'ft. T('V!IiBm-qlln, [nc:.. '''' lIT ~I 111 DI' 11
Ama:tCkir'Co. 2" j(j" Call lOP 6'
Amm Grat Co.. biil::.. 2' 36" ACiMA I HlP .'~ri'l:tn Gear &. E.nllnwiD, I,' )I" AGM"B UDf' 6'
""",,,,,,C-.ln<, J2j1 $' c.!! Clill Coli
"'""'" ac.. '" ~_ Cotp. 7'- s· ArrM'A 10 lADP I'
"'--"U'" Ocar Campany 1.5" 17' AGMA,ll HOP s-
"'-A_ ..... :50_ 10000gn ns 1 Ilrl'lOliuk, 160mm
Aiiltim CIcit S' )6' AGM ... ' 4'OP s-
A1Lh-M.mt Gc:.r Co.. iLr£. I' )6' MlMA~ lDP 6'
...u..~C_ .D' JUDD" I\oUMA 10 JDI' 6.1Ill'
Avoo Gar Co. l.a" 16.D' AOWoI Uo. 6.11"
..... 1JG<o< .D' 6.Il00" AGMA 10 BOP 1.lIOO'
Bd.IBo..oItM_Co..In<. Oil Ir AGM'" 60. s
8 .. R _ ,"" GMI' lMJ!. CoIl )6' AG.MA9 CIil Coil
~'''101.1m: 2" 6' ...aru. '" 11,I2I!DP .125'
~IO!l!Gcm 1.(111" 6.IIll' ACMAI 16D1' .lIZ'
B"""",,", 0... W..... 2' 1110" on I DOl' 16"
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INTERHAL IGEARS:'CONfINIllED ;ASANO GEAR CO,, LTD, I
Simko M-Jw. Inc Call AG.'IA 10 Coli Gear Specialists Serving Illdusmes WorldwideB~ Mlldubc.l; Oar Co. Cal Coli Coil
llu<k<ye Deot Co. Jl6" ." AOMA7 6DP

Japan's leading manufacturer of transmissionBulfalOae..Inc. .J." II' ...aM .... 9 .DP
Ciilk:ul P.;nainraiDe WOf'k:I Ud ColI 500_ Coli s_ 100mm 'gears, hVpoid gears, ,engine gears, vehicle' 'Citdinol ""- c_

.J." J" A.GMA,8 16-n,DP I'
CIltiJll:l.--Mllb Oew Co, foe. Coli Coil AOlM 10 HlP 5" axles and speed·accelerating/decelerating
C·:B~.M_ I" 12(1" I<OMJI 10 ! DP 11' g,,, assemblies, e~o...c. s I~" AaMA 12 fiDl' CIlla.....oo-- Cal! CoIL ColI Call ('.oil ,. ·.·1
n.~c-,,- .:lOO" W" AGMA. 10 lOP U· Salas offiCII: AnDOI America,llnc, . SANO -
C"i~1e ()coM ;I: M.dune Cal! oCr AOM ... 9 lOP 8" 5555, IOakluoolc: P'aIXway:, Suits, 440,' ..' -Iet.b:, Cdr Cil. SI" 2J)" AGMAII 60P 8.0"c_ G<wA~kftC<>.IJo<. s 16' AGMA8 "lOP; Cill Norcross,GA lOO93 -
Coo< IJriYo ()ponoooo< Ill< L~' .~~- Coil ("~I Call Phone: mO)449.Q5001, Fall: 11101' ZO!MI165
o...u~~l.oj. ,,- lOO_ AOMJI I) c.J1 Cal!
Dt..-jd BI'Q"Wn Omup PlC Col! CoIL Co!) Coli ColI Email: ASBlIo@AsalloAmaric4.colJ'l I
lhyloo.Gr_ .J." 16" AOMI!. 8 )OP 5" Web,: WWWASBlJoAmericlI',com
0.1<0 a.- '"IoIa:lIoM ColI Call Call Call Coil
DofIpIa a..r Co. = W Call /lDP 6"

CIRCLE 195EkU-.- BV 60_ ,,~,- AGMAH IlDP Cill
't:MCO~111i;.. S r A~'oIA12 HlP 2'
.......... 'I_~SAdoC 1.150" ;:0- Cal! -1-601' ;I~

1
~.O.Eq. ColI (".all ColI c.n ("Ill

IBsJI Mac'hlne arW1fld MaiMlrlClWi .. )- 100" ...0;\41<1_ :!Q.2Df s.u-
I_C .......... Co!! Call Qo!I Call C"1.11

P...,.I P-o.pn«ft", (P\ol.j LuI. 75_ 250_ Call 5mcxh.iJe 1'rIlm 'Gear Corpo~ation_a-~ 1.fIl'" 100" A.GMA8 2DP r
FHha'§ ee. A. MKhini: Co... 1lIC. CoIL Coli Coil elll Cill
_C01pO<IOO1I ~. 63" Aa""", 12 CIII ColI •. A custom iob shop manufacturillg gears 10r.....,CU1 ,c... Go. ~" 17" AGM:A 11 <00-0 DF 5'
~ u~V)' Utd\OO1CS Corp. 50_ 2iJOO_ DIN J 12 mocIuI< 2211 ... your specifications or samples.
GkN IWl><oa a..1n<. 1:50' or AGMII. Ij lIl!OP 10- • Spiral bevel gean; 10 66" PD.a.e-, ","""""Go.. Ioc:. .~- !" AGMAJj) 2, DP .W
Gr .. & Bj"OIII':h1N:" S 16m" AOMA9 C~I Cal! • In"MuS9' heal treating and gearbox repair facilily;
a-_~ :IIU M.OO" AGMA9 3.DI' 1.S" • Breakdown services our specialty.

IGc.Ir ReIt'1I"di Irw.. 62j" 10' MiMAI 61l!' 2"
OcarTedllfl:. Co!! 4 " ..m.!A1 2 Ill' 6' PO BOX 536. 4809 US IHWY45,o..r-.I",. 1.110' ~r AOMAW ~DI' S"

ITho 0... W<><b-SaiJ.Ic. I..,. I" NO" _10 I.OOP I.' SHARON, TN 38255
c....-... lII" "'" I!.OMA B .7H)P s· 19011456-2636 fAX (001)456-00731
Ot.lIl'ilti"J.Id'fJ Co. S 3." 1<O"loI. ! 1Dl' 5'
GwTtIC', toc. 2' Cal Call Co!! Clil WATS LINE: 1"800-23&0051
G<rtwdI ...... C:... 10< I" 31.' Cal! ColI ("Ill
O<onc Oe>n .r_...........I"" lO_ w ... DrN Q 2.5_ 40mm CIRCLIE 207u......,..~ .. Wa<b L1d Co!!, c.u Call Can Call
OrlIl'loOdr I" 120" AOMA LO I DP 7"
_ (low Mf .. Co. Call CIII AO......... 10 Cill 9'--CoqI. ColI Cill Coil Call CIII
HdIIId lB£'. IS .. Call ColI Call ,
HMC a..r MIl- IOd '-- «r lO('" I<OMJI 12 "]T~ Dr 3~'

I

I

I

FIND THEHoIllIld Geor WurbLLC I' lI" Call CoIL ..
Il0l,, o.....It Spoodo$ 2- IS" Coli c.J1 5"
Il!!1IboJJb .It SWo Cal! Oil c.J1 Cill Call i PRODUCTS YOUI1Y"H .....C.. Call 5" ...01'01"'111+ l2DP Call__ T_S)- r 12' AGMAI2 Coil Coil
Indiana Tid - ,lni1lIII:a G!.u I" rr AOWoIO LSDP 15' NiEEDTODAY!haliwriol 5....,- It (km lIE. 1.000" flO"" AGMAI 2 DP s·
lJi1.:cbCOI"pQI'1II1m Call Col CIIl Coil Call
l'II'I'-mabIc Our en .- lA' AOMA 11-15 Coli Call

It\'> S"""d ColI CoIl Call Coli Coil
JIdt ~13,IDiIt Oni: Call CoIl ColI CIII Coil -ACTUATIQRS.......C_ ColI CoIl COIl CoIL Coll
l..awler~ I" ]6' AOMAI 3D!' 6'
lCC'TW:I CQ r 10" AG'IA 10 1-16DP 3-

- AJJJUSTA.BIJ:.,l...J.ae:oIa Tool 'Wed .. lnc .2Y )6' AOMA 10 3 DI' 0"
lJ:nk Gear A: MKhtnc: C0- l- ll" AOMA 1O Cill ColI SPEED IDRIVESu.Gcor~ I' 110'" Call Call Call
Lyoll Ge.t &. Ma'hillll: 1.1)" 211.0' Coli Coil Call
Madooa S~.It a.... ..... Call ColI ColI Call Coil
MUl/tII!:'~ I' ll' AGMA9 30P ." • BEARIN,GSMIlI1[t1!Oc'.m,~lai:. CoIl 2.- AOWo9 501' ,.
MapJc.O-" .... ..l7j" 5' I<OMA 9 16 DI' 15-

M..,., M.w\!:nam<mna ::IJ~" I~' M';M ... In '!llrn' ~"

• BElT DRIViESM.",aarC"l"'flOim CIII CoIl Co!) Call Call
mOmrn~ Call Call Call Coli CIII

IJd ..... G..,.c~ Call 100- ColI I~DP 9"
,..~ Gar,6, r-... In(:. .2Y II- Cill "8-lOP csn • ,BRAKES·PtIllW'lukrt G'ou- CumJRUlJ r 5IJ"' AOMA 12 1G-.15DI' &.

_a-AM_IIIL 31' 16" AGMA9 4J)!' 5"
~ Go..It Spbno III<. '1.0" 1"0- AOMA 10+ • Dr Coli .ICHAIN DRIVESM""",o..,-W .. 1- )6"

_.
30P ."""'- Ml<bmo 1.0- ur Il" AOMA 10- • DP ,"

Nblpn Gdiii' C~1km Co!! CoIl CoIL CoIl Call
NiIJej Carp al America Co!! ColI CoIL ColI Call • ICWIfCHiESNimnGuflne.. ," 36" AGMA 10 CoIL CilI
N!lf'dr~.!lDi!' .750" 6- AOM ... IO 1601' .500"
N_ ShoR G<or IIId,TOOI ~ ColI 1- AOMAIO 4BIlI' C~
NllI"tI:.cm ThoIIOd 0eIr Co. LuL 30 .... l{Q)mm DIN.

9_
180""" • ICONiTR.OlS

O·B .... a-~· I"" !]S- AO.MA 10 .7~OP 21"
'OhioB_"'_Co. con c.n ColI CoIl Call
OIJ~ GeIr~ 'DC.. I- 16" .o.GMA 9 3DI' 6" • COUPLINGSa.-a-~ IJlIl" 6" C<l1 :5 Dp .-

I

0sU:1 Ouun II: MlI:hiDny. Lcd. lOO,mm 4(100_ ...eMIII().1I 15 modtol< ll00mm

I
I_~"'"IboIC_ l' .r ADM ... J} 1.5-» DP

Penn M.chLne Cnmpany 2.0'" )<. "OMAI!I 2.SDI' 6'

I
.' GEARSPmmytq;: ... Gc. CurpuMif.IUII I" 7r AOMAIO I DP 11'......,T.-..,·~ Oil 04- AGMAIO 20P 8"

Philh .. ~Moldi9 Company c.u 6" ...oMA6-8 20-12(1 OJ' Call ,

• GEAR DRI~ESI'ICDHI,J" c.u 6" ADMAIO COIL ColI
1'Iq<r. In< r W JIr"QMA 10 24-) OP 010-

Ii'ft<:~('",po ••"." ." HI" AGM ... IO 21-220 DP ."r..a....a..Co. 'Cal COli Call Call CIII
I • HYD:OAULICJI'rvomooQcoit Inc.. 3" lO"" I!.OMl\ I Q. I5 !-48 J)!' 12'

Pnx:11.1OIII (ian. lac .lII" lOW AOMAS • Ill' 6" PlOWER
P'rodUl..1igtW 1.0" 600" ...oM ... II Call ColI
I'nopIifoGtor I' 6" CoIl lOOP l'
_Purd,C~ ColI Call Can Coil C~I

• LINEAR MOTIONQlla"l}G<..- Co!) c.u ColI Co!) Cill
QuobIl' Gtor MJ" I .375" 10" ACMA9·10 <\.6DP ."'QuIII, __ c_

2(1_ lOOOmm lIS I c.u Cal!
bdin.!1-M lII'_ 100000m Coil 10_ 110mm .IMOTIORS
Rondy', 11m, .t; PinIoII CoIL Coli Cal! CoIL Croll
lI"",dac.. CIII Call Call Call Call
bwlJnaGArJIX: CIII Con (".oil c.u ColI

• SENSORSR.da..rMJ:; 1$0' 6' AOMA,',I CIll 2"
Roban<:<()c..-c..p.... ... .500" n- 1<0_11 lOP s-
RJunt_ r ]6' A.m.1A, 9 on CIll
'Rnn.'iOI'IOtIi.BP'ly.,lJd. ColI CilI CoIl ColI ("o!!
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,wMAI ~-MDP
ACIW ... 61)1'
AlIMA 11 64-HlI'

CoIl c.l1 Coli
10.00" AOM ... 12 c.a1600 _

ADM ... ID CdI~- ColI Call

C"l CJII CdI
J6" AOMAI lo3DP

/!loun 118P1m IS07 ~I-
Call Can Coli Coli

lOmm t600mm DIN] 12_10
2" lD" ...OMA 13 _OF

00II CoIl CIII CoIl
.00' 12" AOMA IS ~OF
Call CoU Co!! Call
Call cau Co!! ColI
100" 30" ...aMA' 3 DP

)DOO" 12.DDO" AoIJMA.IJ 4DP
03" u- AUMA 12 00II

1.00- II- ,wM ... 9 40P
6' 24"" JIGMJlIH~ Call
12" ~" MlMAf..<8 lDP

AOM ... ' 1l-I5!lDP
AU"'AII 2>lDP.' ~ ... 1_01'

100- ADM ... 1A Of'
lmm 2SOmm Coli on
Cill Cill Coil Cill
Cill Call CIII Coli
1.00' 10.00' AIlM ... 1 ,or
CoIl CoIl Call CilI
Coli Cill Cill ColI
CoIl Cill Col! ColI
ColI CIII Col CoIl
ColI ColI CoIl ColI
00- ).,I. ColI ColI
,ColI on Coli on
'Col Co!! Call ColI
·CoII 6' .iIGIII ... 6-I »J1IlDP,,- 6" AU"''''!>.'' 16OP'
CIII CoD Call ColI
CdI Coli c.u Call
A' JOO" CIII CilI

6_ l56mm lIS. c:.o
.25- ColI AoCIIoIA • 2~OP
CIII c.u ColI ColI
12.0' 60.0' ACiWA II csn.~. ~Ir NJMA.• 16DP
Oill c.l1 CII Call
. Ill- '.7- Coli Call
CoIl CilI CIII c.u
Call Call AClMA 10 eon

.375' 0.00' JIG"'''' II IiI,DP

.Too- 6.00" Con Il-IOODP

IIu.JIiI. ~
Call Call CIIl Call
CoIL r Col CIU
CalJ CilI Col CIIl.so- 6.0'

_ ... 9 _DP
CIII Call Col ColI
ColI CoIl CIa ColI
Col! CoIl 0lIl CIIl
COlT CIII Col ColI
J- 6" Col CIII

Coli c.u c.I Co!!
Call Cal! CoIL ColI
CoIl CIII CIII c.l1
Call c.u CIII Coli

101M> ISO ... JIS6 Cill
J' 5!1' _9 CIII

JOO' 15,0- ,wMA 1% CIII
Call CoIl CIIII can
c:.l1 Coil ColI ColI
Call CoIL Col! Coli

IOU- Il" JI!.OMA II 12..r.1 DP
J" IY ,w'IA 11 601'

Cill ColI AG"-IA8 ColI
lIT 40" _I 30P

c.u or AUIoIA 1 lOP
lIT \16" AG""I uor

ColI CIII 'Col CIII
W !iO" AOMAI .. ColI
6' lIT AGWA. 61lP

.7S- oil" AGMAI3 IM20DI'
uoo- n' AGMAI 31)1'
1.J" 1016- AGMAI 3DI'

L501W11D 2000mrn C"III 3O....,u.,!o
Coil Call ColI Cill
20" A.ny oWMA ID ,mop
Coli CilI CAli Coli
Coli Call ColI ColI
ColI 120" AUM .... L5 rlP
0" J<!" AU"' .... 3DI'

Call Coil Oill CIlI
0- AI<' JlGMA I 3 ill'

Coli ColI ColI Co!I
Call csn CoIL Coll
c..u 2IXXI_

_.
Call

Cill Call CoIl CIlI
12- IiCT -, LHIP
I- 71' Ao(IMA' LOOP.. 1+4- JIG...... 1~DI'

CoIl ColI Col ColI
Call CoIl AUMA9 o3DP
II' CIII ilGJWA II I DP

c--n ColI Call ColI..,. 220" ALiMA II] .:mDP

rNJERNA1'GEAHS: 'CONTINUm~
'-'.10<

SdII/erGi!w"arb. I'oe.
...-.ru ~ ae.r co.

s..1l~
s.l«mr Splmo _ .. IlIc._ o..n
ShooH.., ~"I.-uy
S_~f
S!IhI Our" M"""",, Co.
S'lIX"k Drlftl PtuillH.::tI.iSte-rU.!!1!: !lmtnunf-!1!
Slod,Gcmw
Sudu hi,lflfliillilnii.1 OeM Wnrkl
s.,r.- G<il. ~
S)'11IIICCamom IfljO(:!I:lUII MalO=n

m"" Gofo " Coor
T_~c:....IA<.
T_Ln<.
v.im a... .It Spnd<oo Corp11....,_-...10<.
\bopo "'~ s....url_
-'._boo:
W,mcIsg'OcvaUn\.!CIlnc
kIoL

.-.-r
CoIl
U-1..,-
CIII
Col

'"',10_
Ct/I

JOO ....
Z·

Co!I,"
Col!
ColI
l'

'.000-
CIII
M"
0IIl
U

Col
COIl
Cal
Col
CIII
I-

cal
CIII
Cal
cal
6'

Col
'4"
.75'
Cal
CIII
COlI
Col.'I'

_a... ...M"""""Corp
A'COS~
BIII'J.01I Nun.uin MfL CD~-a."..,Coor
er.-a...R.V
IloMd _ Gooop PU:

F.O.F ....
~Ioc.1__ T....... _ S,-...

ITW SptlOid
M""'c.....
mOIDIcnlOen~_c-_
RYQJ' ac.n.. 1'111:.
$cleclDt SplinEI PrudYC1I1oc
'SluDDth<--'~1
'T'railMnjIiIi.mEnim~!JJ 1;0 .. rse
~IlIc

MGKS ~ .. ~~ ~ .. ~ ~ .. ~~ ~ ~·
'--ABA..,-PGT.Inc.
ACR Indu"ll11ft.. Inc
A.diobe I'rI:cuat GaIr-, 1m:.
Ap,,-,
A__ G.-"~
_o-*~__ C__

...-.cuol.''--'
B.t BCoor A -.. Co.. In<
BcrJ. W.M. ""'.-~HrowmJl.&l'E.r:nersoo ~ THiwnw.km
('.aJ1QIIII f'.I'!IU'IOU'rIJ] 'Wcd:IliId.
CaprlJln AlllnlLG
C·S Ck.u It M.cblrir:!
Ouc,ap 'Gev Worn
1'bI! CLnrl-.nnlll Grlllf Com pan.)'
Circle: Oar .t.IMKhme -

COfMl<f<liI Cl<v '" S""" ...
Davall Ge.. COOl~y U:J.
IlI)<i:!oGe ..
Ikku Gar &. i\f.-:hllli!
DdP- 104_ ATool
EkIdo~8V
p,a. Ell-
FIIIIr1'ioId~Ca..In<.
Thev..r~I"",~
Or;rIuIrdICDrCo .. 11ftE:.
Orifllno..FI__ .. _ CoOIDoI c..
H~\m Mit"ru:nc Ct.qt
H>de aa. MIle lind Ens'_
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GEAR IMANUFA'CTURING, DIRECTORY

RACKS I!:ON1lNUE:D
JIIL/.IIIIt

__ ~J;,." "OPRIDe 12" .,;0" AGM ... 9
lrraD-·... lh"1! !Rarillr c.r c-t:-r ...... Ill" IA" AGMA II
In'VU'IL,l;1c Oar. D IS 31" "OM"'~-IO
J.cIdcPIt!UIoI:anGnr Call Cail Call
uwaGar r I"~ AIlMAB OOP
Let Tout Co. 2" )6" AGMA 10 !!O-I4DP
uncoln Tool 'MrtI. Ire 6- lA' "OMAB • DP
UIIII:~Cil. Il- l.. • ColI lOP
MIrpIcI GraB. I", ~- ~" ,0,(1101"'" 160P
MUI6 M!:a.IIED&1JIftrDl. 6" 'S" AGMA,B lllP
MI'Ji'JRI~Mtl' 6.7~" ISO' AGMA9 UI>Pt.Iooo<_"''''''' llD'" IlIT" AIlMAB 6DP
Nnnb,11E.- .»l" 16- I\OMA lD 16Dl'
O'One" Gear Company 9' 100" I\OMA 10 lOP
0Ill0 ,_'" ~~ Co. ColI Call' Call Coil(}lfiu~_""'_ LT 1'1" """, ... 7 I DP
p..,..M"'_~ r 36" AOMA6-8 lOP
:f'ern:Lqrlvmil Gar CoE:ponJ.IOIi Cail Call ColI Call
,I/'HTJ ~~ 10" M" /\oMA 12 lOP
'P:tCIku ... 2- 36" AOMA 11 BOP
PoI)llIi 50mb' Call CoIl Call Coil
I'na«- 1Do r 120" _,,10 l.O-lDP
""",,,,",Coop I" ." !IOWA 10 lI-llIl OP
hptdo...- Cail Cotl Coil C..II
Roo!iOl1t'klm: tty. Lui Call Cotl Coil Call

I RwJlJCkanI,.ltx 6" 1"- .I\QMA B 2.... DP

Ii

:SchwoiuPl<cwon Gc.. Co ,6" lA- AOMA 12 6O-3DP
ScIcrti.Y Spline Ptoduw; Inc. J" 110,0" ...oMA 12 J OP
SI",,," O<or> ~- 1120mm 0011 6 DP
SaIl] 0...- " M",1hoo Go IT I'" IIGM.... 1.2!l0P
STD Pfta.llon Gar a IMoU'\L~1 CIIJ Clill Call CoIl
Skid. brift: E"mduct.VSE,rt-= IMtRDII!!g,t ~30"", looL nan ISO ,,9 0-).-.10
Suxt,Gc:m, I.oc, ColI 12" AGMA,Sol _a 01'
Slldolll_o...-'111 .... JIIO_ 1200 .... DIN] IS IilUduIc
Syni« CUslom Inp:tK'Jl1 'MokJcn CiII c.1I CilI c..11
T.~ 'fua,1 Clear Co CoIl Call Call Call
Tr.n&IHlDXIn ~ Co. lx. CII CII CoD oa
T_,I",,_ CaiI ColI CoIl CoIl
Unioot.lne. 2" 12" AGMAll OOP
U.... 0- '"SprookH C<rp. ]- 12" AGMAI Hlt'w_ Goo< " 0.- "" IS 31" AOM_A!S-IO Call
XiH.1a< 10" 120" A(]MA6-8 I DP
XiU. MIDmg SenlimJ; '1" 240" Coli ,1' DP

SPLlNE.1) SHA'FTS I

'-"
It II. " C.c." Lx .s- .~" CoIl CoIl 'OIl"
ACCiln[cM-=.bi:nc I: M~ 1M ,- 16" on Call Ui--
Acme Oar Co., Inc. Call ColI ColI Call ColI
I£R_",,", lS" IlS NJIoIA 13 Call 11/1'
Tbo_~ ..2S" 5.0" ,o,aMA I 50P .. .cr
Adobe ~u:!on Our. lJIt'. I" 10' AOMA! SOP ,;Q-
"_o.....t_,"",,C_ ~" 16- CoIl csu ColI
.........-JiffyM __ 1a< S"' 16" My Cotl l6"
A~Gc...1n< s- 6" Call CoIl ,0-
A_G<or"F~ ('011 18" ..aM,,1 1.15OP W
A.lbtu Ge:wt IitId I~ Ene. ,100" ~ ..O" ,t,illIA1l 24 DP ]"

A.U~-T~I", IS' 16" ,t,illIAi CoIl ...
Allied Gw CQ. I" III" Coli 30P IlO"
.........o..CO,""'" -'" 6- I\GMJII CoIl JO"
"""'- Clar.t~ 1'8" '16" !IOWAI I DP lID"
AIlEI1CUI G:.at. Inc. CIII Call CoIl Call ColI
AJ1'ICIlCtn MeUM: CC!l:pOfltlnl"l Coli Call Call Call ColI
A.mennII ~ Gear C-a c.I! ColI CIIl c..tl ColI__ .c-~

Call Call ANSU lbOP ColI
_O<"'~ Call CoIl Coli Coli CoIl

""""" (k.,.
,W 40" ACMA,. 4-BIll' .~"A!ll:h-Malill 0.:. Co., IDC '" I~' IoGMAI JOP )6"

...... O-~y .3">5" 12.00- AGWA 10 7501' »000-
A'I'oo Gear Co. Lo" 12,0" AOMAPi ~DP 15.0'
MlllQooo l$O' '.lXXI- AGNA 10 4-8 I>P 1lJXKl"
B Ii: II c;;e..It MlidtuE Cn ... fIE. I'!Jl'f 20" AGMA I bOP U-
BIoI!_&c..r'~ C~I Cotl Coli C,II CIII
B!'Id~GurWorb l" IZ- CoIl CoIl 36-
BI>Ob>MaIolioIa<. c.u CoIl AGMA10 CoIl Ir
BIrII'a" ~f.dwx: a Oar co CoIl Call CoIl CoIl CoIl
Buc~GcvCo. ,1)6" ." .-.GMA • WOP 12"
BoJI'olo 0.., Inc. - 00" NJt.tA,9 lOP 16·.

ColimI ~ '_ LId CoIl ColI ColI 2j """"""
.....

c-..u~ ...c..- ,j" J" AOMAB 16-12. DP 0"

Clrnu-MllkrGearCo. 1Pc. Call Coli AOWo.IO J OP I"
e-B a...t.t.I;:tllrl:! I- j6" I'IGMA I Can ,..,
Chmbmo...c... S' IZ" AG"'A IZ 6DP ColI
ctllDSU Oar Wwb CaD W MlMA 10 C.1I II"
'1'Ioo~G<;u~ S 6lr /\OMA 12 _75OP m-
Gr<leo.."'~ S IT ~"'B Colt 120"
OarUCiarCo. ,1(1" ,1M" I\OMA IQ B DP I.'
(J~ arm. Ii, SpI'OCRLi I" 12- AGMA9 o DF )D"

C""""",""" Oar " Sp-o<Ii<I Co. ,10<. Z" IR IIGMA 10 lOP )6"
Dovoll 0...- c_ UI. 5 .... lOO1I!R! Co!! ColI Call
0.,.0<1 '0-.. Oruw!> I't.C catl C.II C.U C.!l CIII
Dt]/UiOo... ,- 16" CI ... 4 lOP 5<1-
o.I<vo..r -... ColI CoIl CoIl Call Call
Dt\pboo M_ '" ThoL lee, Ca'l CIIl CIII Call ColI
o.lmyd Wnnn 0<", _~"'" Oar Col CIIl CIIl Coli Call
Doppler o..r Co ~. Iii" CIi\ ~DP ColI
~Q~jI~B\r 1$_ 1Il_ AlIMA I Cotl 1500mm
Er1!_rC_"_W_ I" Ut' Cotl tOP JQ"
Euclid t"ntlierul c....rp. 5IIf' ." ColI 1116 DP ."FO~ CoIl Call CoIl Cotl Clil
Fliuf.cld~1 .n~~ 10" Call 6O-1.s0P 1,100-
Fanel f..halflDm.Oj rPvlJ 1Jd. 2:SrrDl L,~mm Coli ],j I1l<Idukl 2!IQ"""
_Gar~ .5OC~ 10" I\GMA I M·"OP IW
"""c..r,~ .37:!" U" AGw. 10 CoIl 1.0"
FIg·, 0...- '" M__ .. Co., IDe. CoIl Co!! CoIl Call Col
Furd City Gur Co. 1m- "" CoIl :tro-UOP )I"

FuJ'Vru~C~ CoIl CIIl CoIl c.u CoIl
GotH R-'" o..r hE_ 'lS'" ]6" IIoGMA15 JII OP :10'
GIcewIy Preru:1OI1 C-4W. Inc. 1m- 6' CoIl 16DP HI"
o..r"'_1Io<. .s- 12" "OM'" ('.all ColI
o...l'R>duct&Compny 2j .. 101 :mill -'OM'" B_ '15Z_
0..._,"" .I~ 12" -'OMA So7 lOP 6-
o...T.cIiI"" Coil 9" I.GMAI lOP ...,.0..___

,10" Ir ANSI 5 4-l1OP 10"n..o..._"" .s- 611" AOMA6 320M Dl' 1.
ThcOcv\\~, 1m::. I" 96- A(;"'" ~ l.OOP J/j"-.. lIB" 96" ...oM ... ' ,7' DP 120"
("lCWmulhl Co. Y :1<>" AOMA5 ~OP 2'-



_----------GEAR MA'N'UFACTUR.ING DlRECTOR.V _
SPLINE/) SH'AffS CONTINUED
'-" -; .~

JIar..JIiL I JlaIiIl. ~ .- .J1lItIIIIdI
GrarToc.1nc CIiIl c~ a.u
Oc.oernl (kar Corp, ,7j" 6' AGM~AII 60P
o.m.rd! o...Co..ln<. CoIl !Ii" e.u Call
Orilf .. o- .5" ~." AOMA9 101'
Hanover Gear Mfg. Co. Call 0011 AGMA 10 Call
liMe 0= Mfg. ODd&'_1 6' n' AGMA 10 I.OOP
!1o!1"""O-W_u.c ,5' )6" 0011 lOP
Holl7. Gm> '" SprtlCOO I" )" Coli CoIl
li~"'_' Call CIlI Call 0011
HFC[)moo LI<L 14mm 50mm 0011 Call
Hub ClI),. 11:ic. .5" l" Coli CoW
H1"'k Qc.rC c. Coli 6" AGMAI<H- 12 DI'
l.i:di.amI Powt:t~uinn S)'Xli:.rr.iI CoIl Coli Coli Coli
J.nd:ia:aa TroI- Tndhwa Gear I" IZ" CoU C1111
lni1kJ,suill Ma!:bif"iC k Supply. Ire. .750" 6" con C1111
_1riIJ S__ '" Go.vo I.... jOO" 2,4' A()MAB 2DP

I '-"C~. Co!) CoU C.II ColI
J~ '~!~ion Gie:I! 0011 Coli Call Coil
lKum hKlU51,ritJ 1m:. 1/8" Y CIIIJ 2<lOP
1Ki'f:UH' CtitUd!! Coli CIiII Coil C1111
uwluGev I" l" AGMA8 401'
IA!<TOoICo. ..lOO- S" AGMA 10 Clill
U-.TboI_loc. .25" 11' AOMAB 4DP
~k ~II' ,Il Machine Co. I" IZ" AGMA IQ CIIl
Uno Ow C""",."y Coli Coli Cldl Co!)
lyoo Gear & t..tKtJinc; 1.0' 60" Coli c.u
Mudaoo Spr«~ & Gqr. bE.. c.u csu Coli ColI
Mw:i.ne hH«lIUmi "75" S" AGMA9 CoIl
/!w.L::uin!! ~ lmem ...oonal. lnI:. C.U Coil AGMAW 2.5 Di'
M",,1eo Gcan. •. .IIT 6' ...aM .... 1 1116 Di'
MBs~er MC1J!.IEngmceriI!1 .12.5" t' AGMA9 801'
'Mml Gc:ar COi"pof1!!1ion CoU ColI Can Con
MGrrullJ'Ua;n CoIl Call Coli Coli
Mkhn~t Gellf" Cotporiidoti Call 20" Coli 1.501'
MldwN1 GeIi!'" &: 'l'bol. Inc. .2r IS' COU 48·201'
MOOmio....",_1lIi:. 50" S" AOMA8 o DP
MOOililod G<a< '" SpilDO III<. .3W 14.0" Coll ColI
M..... o..rMtg. .s- S" AGMA8 'OP
Mo<vo M-><Inno-'" O-.1lIi:. ~" 12" AOM.A8 lOP
iop ... Gar C..,.,..u... .25" 6" AOMAB CIII

Nlssel Corp. of AmeriCB Coil ColI CoIl Coli
NiI.oo Gear bIc Coil Call c.n Coli
Nooh _ Gtorond '1'..,1 ~ .125" 1.5" "GMA 10 2ADP
O'Brien GeiU' <:Oifijiau)' I" 10" AOMA ID I DP
Ohio BroKb. '" M.iK:hiiKi Co. CoU Call Cull Coli
0iJva 0-. Ino. I" )6" CoIl 1116 DI'
Ori!lJldi OeM CaifipifiY .S" ." c..tl BDP
Olo'ertop Oar &, Thol Corpol'1ltion Call CoIl Coli Coil
.""",,ModunoC_ Z" 16" AOMA8 l.5 OF
Pennsylvania GcUCOfJ,1OI"JltlOll I" 36" AGMA 1-0 I !>P
:I'<try 1"'~~ Co,p,,,.l!oo! C.1l «' AGMA 10 20P
I'nogu. :Ioc. I" :zoo Call %4-3 DP
PtMpon.C"'1'. .000- 6" ,<,OM... IO lK·:z2jl!)P
PredilO[l GeareD. Coli ]6" Coil Call
Pm:L"M'lD Gear lne. 2' )6" Call 1·I20DP
!"!n<=O- CIIII CoU Call Call
Prophet ac" MI" J" AOMA 10 5.10 .01'
l'boPuNYCOI'pOnI_ Coli C!!lI OoJI Call
Qu1I.i~]"Out Coil ColI Coli ColI
Quality Gear Mfy, .125" Il" CL ... 401'
QuoIIIY _.1..:100 C-poH<li'* 10 rom 40mm ns 2 0011
Rap><lGoar ColI Coli ColI Coli
~wLrnK~lnc. CoIl on Call c..
Reti,EUiiL'c Gear trn,JoradOIlo .2SQ" 26" "0"''''12 CoIl
RllJnk 1_. In< Coli 2.4" Coli C..u
R"""", G<on Ply. Lid. Call Coli c.u c.u
Rush (i;eHi1i. [01:. .s- 100 ...OM.... 8 Call
Scbafer Gear WOfb. Inc. .llO" 6" ANSIS 401'
Scb\lilnZ ~Ion GearCl). .25" 12" ANSI. 64-] Dl'
SeIIl(;1nr .splil'K! ProdIKI! 'Inc. .500" S.O' AOMA 12 ""r
Shanlh. Ocan; ColI C.u C.u Coli
SbinH .. """""&I!!d!!"", 20_ ;Q)mm ·CoIl CIII
SIPCO C.. Call CaM ColI
SprizlSct Comptn)' Coli c...n Call CIiII
SWIl Gnr oJ: MIICb:i:oeCo. I" 24" AOMAS !.SOP
STD Prtci:o;m Our &: Ilt.nrumclt, Ene. COU CliIl Coil CoIl
SI.ocli; Dri"c ~t~rlinl: lmlrunM:UI, Hmm Xlmm CoU Coli~a....c-_ s: 12" AOMA12 ColI
Tifco 00se I< CInr .06" ll" AGMAU 4DP
Tltemem BIlsulecnng &: 'Mrg. .3" 9.00" AOMAII IHII'
'l"raM:rmmoo &g.inccrinl Co. loco CIjl Coli 0011 Call
T_In<_ ColI ColI CoIl ColI
UniCOI' Inc. .1IZ" 6" 1.01011. 11 4DP
Uruquo fVw:;r ProrJucu. tee. .500- 12.000" ANSI 4 <lOP
Vallo, Gor ... ~h<ftIn< !no. ColI ColI CIIl Call
Von Rlldcn Mfl .. 1m:. S ZJJ" ColI 8-1601'
Wc'1l1 lfidu:s:blts, inc: ,5" 11" ,l\J'!l$[4 J DP
'Wmdsor Gw' " Drive 1111;. ,5" 11" "OM" 8·13 lOP
XJO!:I", 6" 50" .0.0101... 64 ColI
Kt:e-k'Mbtir!i,~rv~ ." 45" CIII 0011
ZholW In=- PuUcys LId. IJmm 120 I1iIll Coli Coli

SPROCKETS
'-' .Ik.IIiL --to JIM.JIiI. a -1- ~A& A OUr, Int,;:, Coil ~::4'------ Gill
A«:u_rDc MlI!;huw: &; Mm.nt:tfWl(je, loco '" I 60" csu c.!1
Acr:tZ Oar-Co ... Ioc-. Call ColI CIIl Call
ACR ,lndusU'itJ., be. ~" 12_5" 5/8" ColI

I The Ac.:I4msColhp.illl.Y .75" 24.0" L2~" Coll
Adobe ~ Gear, Inc. I" 60" 2" ColI
A.dvmced Tdfy Ma:hitlc Ptoducli lee, Y 16' CoIl CoIl
A.eI05J)1U Gear lnc. I' 16" Coli Coli

I ABm EI!lin=< tGc<n1 50..,. 2100mm r ColI
Alro!! Gar ~ ~rl .. Y 120" ]" Coli
An Powcr-TraillYn.iS5ioo lIN. l8mm 406mrTi 19 ... lO.."Ju1<
AJIOal GcucCo. 2" SO' Cilli 2..5 01'.
A.mera G:at CO. Inc.. I" )6' l.zs" ColI
AirIC'tiCIIIlo DeIU' ,& EngineeriI!g 1111" lOll" Call lOP
Ame:ricu Gear. lee. .125" 11" C.II ColIAmm<.In _ Coo]lomioo

Call Coli CoIl ColI
A.nltl;rli;:~!1Pn:c.t!J;i:oo CiHr CD. Call Coil Coli Call
A!lCjJSi~n8 Cl'!1 J" Cill Call
"""",a.... 2" .«1' CoIl 1.5 DP
AlCh-Mool ~ Co., ilnc. I" 7T l.!I" c.u
Atlas Gear Crunpany .500' 3600" 1.00" Call
Ama~Cn. ).0" !20" .75" 4.0DP
~iDGear ..500" 12.000" .750" ,. [;N!'"

B &: :8 Gel!,[ & Moo-ruM t.o., lee, A~.Y 00- Any ColI

.IfI.I..WIIIIIl
C
16"

CoIl
.10'

C.1I
251"
64'
72'
Coli

JOOIIUIl
W
10"

Call
MI"
20"
l"'~

CoIl
Call
6'

Coli
or
4IJ"
16-
Call
C..o[I
C~II
Call
]6"
lO"
6'
16"

C.II
Coli
D'
CtII
)()"

CoIl
411"
96'
20"

Call
Call
6"

lOB"
Call
n"
)6"
Coli
60"
60"
200"
120"
10'

CoIl
Ie"

Call
I"""
CoIl
Call
11"

:SOIl m.m
Coli
Coli
W
can
CoIl
6"
16"
21"
W
csu
CIIiI
ColI
Coli
Coli
ColI

l5iOOmm.
12"
l<"
;\4"
Coli
Coil
CoIl

1.000"
Coil
2~"
>!(l"

Coli
100"
lAO"
Call

--



_----------.,GiEAR MANUFACTURINGI DlRE.CTORV - •

SPROCKETS 'CONTINIJED I
'- &t
,81< R I<CHlC_ >Jl c.n Coli Coil
lI<q. "'oM . "". ,,113" IS" .ool",lOIl' ]lDP
swlooCit"..u CoIl Call ou Coli
Bnd f1:!uIi: GaIi Worb .' ~" c.J] ~~ DI'
BrankDMiW>o"" 5/l6' ." 3/8" Call
BR"IIoV' ,...--"'~ .. 0eIr Cn_ CoIl CoIl CoIl ColI
B""","~_T.- ~" 6<1' )" Coli
BuckO]'. c..r Co. Coli 6' .'S' CIII
Burr.loOc_, rnc S 40' I' CIII
c.:JEUI E'npllECl"lllJ WrriI; I..Id. CIII 2lOO".., ,Cal] 2l module
C.-plt-W S~n"!1 Corp. CIII Coli CoIl C,II

~""""'" Call ColI CIII CoIl
ClinhooI ~& C_ S l" CoIl CII!
CamcJ·Mdl~ Gw Co. Inc. Col! ColI 1.2l' Coil
c·aa..._ I' 2M.!" 6" Coil
emu ~1ChomI<I_T--.. Coli CIII CoIl Col]
n..~C-C_, Call ColI CoIl Coli
Cir<lo Go.- .It -.. c.u 120" ). CoIl
Clo!b o..r Co. .10" 16.0" ColI 601'
CI.LUii&: ac... ,..SprocUu I" (II" IKI' CoIl
Cloyn ..... CIII Call CIIII Colli
~,.J Gat.lt SptocUl Co.IlI<. 2l' tn' 2" Col!
0u100l MlCh.i:niI:;t: Tool Co" I..rx'. 500" 18.00- ."" c.It
Dali.IoYKIdYc.o.-~Ml .. Co.l.III. IUlSrrm 6('I'.;t1mm ColI Coil
o....na..~Lu! JOmm 450mrn c.J1 Coil
o.v!d B!ltNin Group.PLC ColI CoIl ColI CoIl0.,..., a.. -'01)' 96' .1l1li' !:all
Dl=k:o Our a: MKhl:nc: Col] Call CIIJ Coll
o.ljl/U_ TouI.la<- CIII Call CIIJ Col
Doppler ex. Co. .lS" )6" CIII Call
_""""I~ CoIl Col! ColI ColIa;__ J_sv

25 .... lD25qn CoIl 11-
Eo....... _Ila RMn. SA <II C v. .)00' 8S' 4' .Il·) OP
Er!_."""", !odoIoo Won.. 2' 2-1,' (,0.140" GIll
Euchd Unrwuu!; Corp. I" 10" .W CoIJ
FO En, CoIl Clil Coli CIII
Fiilfllcld M&nllf~ Co.. liIc.. .' )6" Call c.n_o...~ .JIil' 90\' I" ColI
FIBlGe •. tee. ~' 7.go ColI CoIl
Fukr's Glw " M'acbine Co" .. c.u CoIl c.n ColI
r.....('XJc-c.. .2!" 17' W6-·'- c.nG_ J'n><j, ... o..r.1n< ':W 6' YlI" CoIJ
IJAI;.l:BflI!IdL[rII: S 4&.l1li' QlI c.n
Clc..-'_~ 2.00" ]0.00" I' CI1l
Oar PmdLEB, Inc. CIl) CoIl CoIl Cal]
0-_-il1a<- 3' 12" .s- CalI
G<JII!Th:II.!nc. ColI 132" l.l' Cill
GcIl'WOtkJ,l.nc. .10' II' Co!! CIIIn.:G<JII!" __ .hI<. I" 1111" 2.~" 1.0Dl'
c...-w. .25" 96' 2" Call
o...rolGoorCO<p .7~· 6" .2.\' Col
G:r'iwdI Ocv Co...I~ ColI c.n CoIl CoIl
Cl:rMIlAl;I:lndr.l-'Otr)',bx:. CoIl c.J1 c.J1 CoIl
GnlTllllOar 2' 2-10" Call ~DP
H.Jnn-cr Gar lYra- C'..a. Co!! Co!! Call c.1I
H.II/1JiCili lfIf.idunc Cutp.. c.!1 Col! C~ CollI

HdI<J. "" c.u Call ColI CIiII
Ik>IlIad G<or_ u.c ~" ]1;' CoIl ColI
Hoi uGun '" Sprn<l!W I' 72' III" CoIl
MY-Id!Oc:arCo CIII '6" CoIl 121lP
IDdlma ToaI-lndi;m& Gar I" lI>" 6" 0.1]
l:ndu.!IlnaJ MldJil:ll!,a S~I)'. 1.0::. .'~" )6' CoIl I.~DP
1_01 ~I«u a Goon Ioc. 3/11\" 240" " CoIl
1_<--,,-- Col] CIII c.!1 ClO

'-'C~ ColI Call Co!! C~
I....... Toobac CorpInoon 20_ ,600_ ColI CoIl_."""""""o..r CoIl CoIl Call Coil
Kdla' MlII':hYlC' ('.0 2' ]z· ." CoIl
K_c-.d Call ColI Col Coil
U'lIoletGt. J' (!O" IJ' CIII
Uncoln TwI. y,"otb, J.ac.. .2.1" }2' I~' UDI'UnII a.. a __ Co I" ]B" COlI Call

UnoG<oo:C_ CoIl 96" Cali Call

Lyon G<oo:& 1.1><""," 1.0" 20.0- ColI CIIl
_ ... ~ ...0-.hE. CIiII Coil c.n CIII
1.1"l'i<> Oati, tee, JT5' g' ..I' CoIl
_ CkwCorplnoon CoIl Col] CoIl c.u
mG~ CoIl COIl Coil c.JI
MWw_ Goor Corpont!go Coli 92" ]' CoIl

101....... 0- ..._"' ... 1'" .50" lO- r CIII
MOCIRlac.M1... y '90" U" CIII
MooreM><~_ '" 0..., "" ,25" )6" r Coil
NIIU)tI Gar II'Ij! J' IlO" ColI CoIl
Nordo, I.~ .!IOO' 6' .2lO" CoIl
O'8flCn Gal' C.OEl1pi1Ol/ 2' 166' )' 101'
'Oblo _I< ~_.(lo. CoIl ,CoIl CoIl ColI
Olf'O'rf CieIr, 1M' I" 72" 4" CIII
Poon __ C<!mpony

4" 72" 1.75" Coil
_,I"""",o....C_ I" 72" ~' LOP
I'HTJ ~ Cu<pano.!IaiI Coil ... CoIl 2D1'
PbiI"po-MoIdu. Cmipooy Call 6" Co!! -.llIiDl'
I'1C Il<»p .m" '16' ,lS' c.n
PDZ)' HI Sohdur I' 40" ColI Coil
"",,",.1'" I" ID" B" c.n
l"reo'l.!ll'l!l~rne, .50" )6" ].500" CIII
_C....,...- ." 17" CIIl HDI'-- ur 6O.ll' CoIl Codl
I'rupIdGeu .Il· 12' 10" 5111DP
Puuwn -.""" MoIdm.l!.ln<. Call ColI ColI C I
Qu.!'IJ'a- ColI ColI CoIl Coli
Qual") '0- MI,. .Ill' 26" I' Coli
_·M JOifiI!l\ 600 """ Call I DP
1IopIda.. ColI C'lli CoIl CIII
bwllqGprInc.. CIII c.J1 el!!I CII!
It<crac...MI •• I' 9" CoIl CIIII
1I<1"""'a..~ .500" 26" I" Cali
Ru.iH.!i'L1 Corpomr.ton Coil c.J1 c.J1 Coli
RjUm.~"". CoIl: 2-1" Co!! Coil
_GanI'lyLoL ColI ColI ColI CoU
RllmGc.s,11E. Y 01' CIII llo'DI'
sm.!",o...-..Ia<. ~ 16" ,1.000' ('011
s--._a..co 2' 27' CIII Coli
Sc:iQ Corp«IUoo CoIl Call Col! CoIl
Sc.Io<uw Sp!mr Pmd!l<!&la< .500" 16" ""1 CIII
stumdnGan .29mm l5(Xlmm fI.25mm CIII
Shin HIIn ~ A IndWiU) f~mm JOO.." Coli C
Soahl Goo..ot~!dme Co. I" :tOO" 2.3' ('011'
S1ll """""'" G<ar a. ~ \..: CoIl CoIl CII! ('.u

Iod;Dm-e~1 ,,,,,,,,",,,,,,, 10""" ~~mm CoIl Coli
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SPROCKETS CONTINUED!
~'- ......"... rt .IltMIoIilo

.slOe:k Gem Ioc~ c.u c.u c.u
Supreme GHT Campm:y ~" 10" .25-1- 6-Jl DP

S)'lII« Cus!om ~"" Moldm c.. ColI C.u CIll
iueo Oll,il1i & 0e!Ir .S" 11" c.J1 c.J1
lilAn .... 1logm<mJlJl '" Mfg· 1.0" 9.00" CiII Coil
Tranmtiruoo EoII'''''''"'' Co. tee. Call CoIl CIll Call
Trogerr.c:m::. CilI c.JI csu Coli
Tlubakimom CbI!;n. Co. l20mm 1700mm c.J1 c.u
Umccr, Inc .300" 6" c.J1 CIlI
U.... G<i< '" SpnrleI Coop. .so" n: 1.5" Coli
VilIq Gnc. ~_I'"'- ·CoIl CoIl c.JI Call
""" Z<clond Mf... bIc. Coli Coil c.J1 ColIW... _1Ilc

1.0" II" 1.50" ColI
:t1e.1I:. Inc. 6' 1511" CIU .HIP
x.rc.k: Mining Servlrei 10" 220" C.u 31! DI'
.Zhllhlu 1D<m:oo.""nw Pulley. 21.25 m:II 1250 .. CIll CoIl

SPUR GEA.RS - - - - MILIIiI. ~ ==r ~ -
I IIIlMJM - a&..IiJu -

"4Aa... • ...,. 1- ColI- ColI -c:i.JI CoIl
-

A.BA-POT.lriC. .]00" '.00- AGMA9 12-15ODP 3.00"
A~ MKhlDI! &: M~ loc. .:so 6Il" CIlI Call 16-
Ac.mt Gear Co" JR:. ColI '2" AGMA 10 CIU ColI
ACK Indesutes, Jnc. ,25" 21" I AOMA I. .OP 125-
Tho AllIIml; Cm!poo)' .15" 1.4.0" AGMA 10 3DI' C&ll
A~ PR:ri!iOl1~. lor;:. I" w- Cd ColI CoIl
Advana Oc:ar.lt MlIChinc axp. .5" 3()' AGMA 14 C&ll CoIl
A_JiilyM...-bi .. I'ruduct>.["" .:so 16" Any c.u 7"
Ae;rnspace Gear we. .5" [6" AGMA 10 c.J1 1"
""""",*"",,(G<ont 10 ... ,18001lfJij AOMAH 1fJMoJduk .m_
Akron GNr. a Encinftrinl: .5- 1211" AGMAI I DF w-+
AJbro 0Hr &: irutr1!J]'JlM,l Ioe, .100' 4.0' AGM ... II UDP I"
All Puwu-T~ loe. 1.5" 16- IIGMAS 31! 01' 41-
Allied (breo. 2" SO" Cd 1.25 OP Coil
Amal Gc.-Co. I" ~" AOMA8 lOP 6"
AiIlOri<.. c;..,., EnJII.....tnjJ III'" 100- AOMAS I Ill' ~"
A.merk.1U1 Gem:, jnc. ..125" 12" Can ClIII Coil
Afn<ri<an M<ui< C<I!pcnDDO .s- 1.4" AGMA I] 3DI' I}'
AmericM 1"'rr:o~IQll.Ciur Co, CIlI Coil Call ColI Call
AD;aJI <k. & klwunxnL Corp. .1)91" 6" AOMA 12 lOP C"
Arc lntcmalKlnal I.OOD" 21.000- AGMA 7-11 2lI-<PP 1:1.000"
Ai'l'\;)WOcUfCOfitjJ~}' I" 20" .... y on CoIl
AAno Alfit.ricL be.. 20 ,.,. 600 m.m JlS 5 12 rriUdulc lOOmm
....5100Slnll!n:ll.l ColI r CoIl CoIl Coil
MIrOOOeIf .5" n" AOrM 9 J.25 OF 1.4"
A""'-M ... G<i< Cn~IJx; I~ 72" AOMA9 lOP 11-
AiIJl!iGent, Company .~75" J6.00" AGMA 12 BOO 16o.W"
A';'!iJO Oca:r Co. I.~" 1~1r' AGM...A LO ""OOP M"
A..rx;.", .m" IMOO" MlMA 10 401' 8.('00"
B &; B Gear & Machiftt ce, lne, Any 20" AGMA~ lOP 9"
,8. II ~_ <Ie Cur c.rp. CIII !'lII" "ClMAH c.J1 CoIl
8.t.rg, 'N.M., Inc. .375- 1ft" AGMAI~

l
12·20001' .75D"_Goar .20!1" saoo- "'GMAi lDP l.W

BrmFoolcu....Y.l>rb 2' 1211" CIlI 0:150P Coli
Hrnnko MaliSlllnc:. $116- I" AGrM 14 12DP 2-
B~ MailX' & Gc:ar Co. Col! Call CoIl CIU Coil
Bmwnln,JIIEmc:tion 'PiJoIftrTlWimUssion .2" W' JO,(lMAI lOl' '"Buckeye (kll( Co. .06" 6' AOMA9 !ODP 6"
BuffalD Gt:u:.IDc. .5" .0- AGMA 10 HlP 10"
CalJCUI '&ginec:nng Worlci Lu:I Coli 2500mm Call 15 """",I< 1200mm
~~Cnr]>. c.o Call Codl c.J1 Coil
CapoIAn AIlII!ti< "50" 6.0- AGMA9 60-601' 2.5"
Ca.rdi....J. £n.gi,*rin-J, Comp!U!)' ..l- 3" "OMAI lr.-nD!' I"
Camcs·MillerGarCo.lDc:. c.u c.o AGMA 10 301' I"
e-B 0i:1lt &: M-=bIDc ," Zo!<)- ..oMA 10 c.J1 50"
Owdom a..r c". .I" 16" AQMAI1 6DP C&lJ
cmc.g.o..,·WOrb c.u W AOMA 10 HlP IZ'
T!H lncbmIli Gear' Company 1- 200" AGMA,1S .7501' 72"
Cirde Onr a: MI!!du~ .s- IlO" AGM ... I IZOP }O"
<:1m< 0.., Co. .1Q" 16" AOMA.,J] lOP III'
Clas:s;i,!:'Ocani .it Spmckm I" 69" "'GMA I 20P 201"
CIo)<esGo..- ColI CIIl Call Coll Call
Commi:rcia1 Gtru' & S(ll"OC'krJ. Co. 1m:. ,lj" 60" MlMA JG 3DI' ~-
COIlJi Tmnmliuioo. co. c.u on Call CoIl CoIl
C-I'1.1WDGear B;V. c.u Coli Call ColI ColI
C.ulOm MICIrine. &. Tool Cu>.loc. .500" 18.00" "OM'" 10 Coli 6,00"
o-na-C_LId. lID!!! 4,50milJ c.J1 ColI ColI
Da~d Bmwn Group P1..C ColI Call Call c.u Call
DjyWnGcv .500' 96" AGMA9 Coil Call
o.koo...o!._ CoIl Coli c.u Call Call
DclpboJ MoclliM & Tool Coil ColI CIlI Call Coil
Dopplu 0.... Co. .1Y ]6' Coli 2DP CIII
East Pulril Fouudry CoIl ColI c:.JI Call Coli
E&tclo wulrijf'Lcchru,ek BV 15mm lO2!'lmm Coil CoIl CIlI
IOMOO Ocars.'oc. .1" 2D" I\GMA 11 4DP 16-
Engn.neI lndil.s:Uiales RI,ven. S.A. de C. V. .12.5" 87" c.u 1-2OOP n-
RrIbadxr Gtar lSi; 1KMtt WOt"U 2" 12" AOMA 10 4-20 DP g"
,Euclid llru~ Corp. 112- ,13" AGMAS 401' S"
P.O. Eng. Call CoIl Coli c.J1 CoIl
Farl'H:kI M..,llflildW'lnl y 120" AGMA 14 2!J.IOF .2.5-56"
Falk Corpomion. to" ~j2" CoIl .501' c.o
FMI'.1rIF.Ji;s,ino::nhS:{Pvt.) Lcd. 25 rum 400mm ColI Coil l!IOmm
_(;<orC""""""", .300" 100- AGMA8 CoIl q'
Flnl GelU'. inc. .437" 19- AGMA Il 4.23 DI' 1.0-
flWiel;".., GraI:" &: MxbJne Co .. 1nc. CoIl c.o Call on CII!
FJe.d<rCo<pJn.ti .. .75" 1111" AGMA 12 c.J1 ColI
"'1HaIl CII,,. er..T Co. 1116" 17" AOMA 12 200-.l.~ DP J6"
""""""" ->')' 101_ Cnr]>. !IO ... 7!1OOmm DIN. jQmodiJlc ]800 mm
FuJ~ Unlv.aooc Corponuioa c.J1 CoIl c.JJ elll c.J1
Gt!tN Rubicoo Gear lJIC'. .12.5" 48" .'.OMAIl llliDP 10-
Ci!!i~ Pi:KiLJ:OO Gnt. Ioc'. 1111" 6" AGMA 14 !6DP 10'
Gesr &, B~h Inc. S 41.00" AOMA 10 c.J1 c.J1
a- Prod ..... Company 1.00" 12.00" A.QMA9 30P •. 11"
Dear PmdYC'ls. lee, ou Can, Call Call c.J1
GeuR<...,... In<. .115" 12" AOMAI-12 3011 4'
QearT .... 1D<. ColI Ill' AOMA8 .15 D!' 48'
GeatWOifU,Im::. .111" IS" MlMAIQ 4Dt 10-
1110 Gow_1II<. .5" 10.0" AGMA6 08-3 DI' IO-
Tbe 0..Wm.--s.aru.. 10<. I" 200" AOMA III LOOP ]6-

C ........... 1/8' %" ...OMA8 .15DP !2:tr
Ourvnion Co. Clll on c.J1 Coli Call
(k.arToc, Inc. 2- 48" AGMAIO 1.5OP CoIl
GcoetIl 0.... Corp. .I" 16" ...OMII 8 6 DF 6"
Gedwdt Gear Co" In.:. CoIl c.u c.JI Coli C.u
Getrnl Gean ur Ncsth AmmCL Inc. }O_ lMJ nun DIN 8 5_ 60mm
Grut l..Ites r~.1nc. ColI c.J1 csn CoIL csu
G~aJ TUtwom Oc.ar Lw. c.o c.J1 c.JI Call Call
O~pon e.n.-ificc.rlillii Works :Lui 2'Ilmrri 420 mrn 1506 Coil Call

!i7 r.11:6.R Tj:'f':J.,&
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SPUR GEARS CONTINUED
'-GnJ1ioGeor
H.aniO'ver Ocar MfJ.. Co"
"-" MKhiiI<Ccip.
,_,1lIe
IIMC Qear Mil, ,1II>l Enli"<"ri"l
I\QIJJnd Goa _ LLC

_o..noll:. _"""
H~&Sc:Qti
H:u.bCdj.l'iK:.
H)'t<k OcatCo.
11>:11.". ,Pow<rT ...... _ $)'10<"'''
IoilwJo Th<>I- _ Go!Ir
__ &.Soppi,y,in<

lnd\L""'" S__ ill Odt> 1.0:.

~ b<k *Gtuc..pM,. hoc.-~I_~
IDvnl<lbleQearCo_1l>oI"'~rrw SpIn>id ,
JfIdc. Pnr;ISiorJ Our
,Kdb ModHno eo.
Komlodootrialoc.
iKftItft'CarIIdII
Uo'IcrGear
~1'ooIca.
I.tn<oIo Tho! Wom, "'"
u.i<o...ItMl<hin<C ..
Lmn Gear c..n.-r
L)"'IlGeor4MIdu ..
-...., Sp<O<kel& 0-, Iee.-............M.......o..n__._
M..-p! .. o-.,l!io;,
Muter Mda.lEnp.ccnDJ
-'IGear~
mGml.lUGw1
MlII"'Gw-~
~_Gtu .. T!!O!.",,"
~raw.u .... ,('_~
Mo<Icrii. Gat '" M_,In<.__ Goor oil: SpImo 11<",

MmreCif..Mf,..
MnQI't "'''r:htl1CJ &: G:v. IlK'.
NliopnC_ C..,.......
N_Ccip..r_
NlIOO Gear loco
_,Inic

"'omS!!ooo Geor 01'001 ~
101""""'" Tool .... Ocat CA lid,
O'Brien Gear Cmrpany
,0I0I0B_"_eo.
OhIiti'Ciat; IIhc
Ort.ndl Gear Compony
0saI0i Oioul .. Ioob<hmay. LId.
0...- Go..- 4 TboI Corp<nI_
hoo MIOhlI'4'l umPll!Y
Ii'mru;JlI ....m..Clq!j'C~

"-'~~
PbillIIl',M.ld .. Compoo,
FICIl«i ..
p,,/yfi!So! ....
"'-.IiI<.
Predpon Cup!nIloo
~Goorc...
I'mUloo Go..- IK,_moo Goon, ""',_c___
_Gear
IProdUiL1J,.:at
lP'nJo.Gn;rCo...JK."""*'a... .'!'!io 1'!!n!1 ,c...p.n__ ,
Pulnam ~tm Mold! ..
Qualil) Gear
QualilY Goor MIl-QuoII!]1_ .... c..m_
'Rodiu,M
R""", Gear
'RawLmI GeaJ; ..Inc.
_o..rMfJ.
Rdionu Geor C~
R.!Liiik1_.Ine.
:R....., u..o PI), LId.
IRoe MIdIiDEi
Rosbu..., 11><,
S<WorQearWO!b.lo;.
S<h..- _.- Goar Co-

Smt~
SeleclOl' Splmf ProdocUlIp;:
SEW~PI<LI<I_ 0-.

SPM
,SpriD..,C_
SIIIiI Goor" M_ Co
STDPmruKlO Oar il:lniLrumcnl. lac.
_!)ri.,,_~_
Slooko..nh<,
Sudo InIcttIotimW Gear_
SiiprtiM Gar "-7S~a..-.ln __

To- TIuiJ Qear Cu
TIfcoGqe&Gi:iIf
n........o..g_"PoI(.
Trmsmn-D011 !EnJ:11IIXI"mICA :lDc_
Y-~Ine..
UIU['Q[.1.nc..-
u.... o.r.to ~ C<qI.

u..q .. _-""""'-"0...,,,_ tes
VIo z.._ MIlo, hi<.__ MIs.lnc

'htrpe !\-L~ S:wllzeriDd
_onIALll
Wut IJdlmieL lie
WiJ:KIsoJ Gnr !II Drive Inc.
w_C-oop
" .... 1.0:.

~'!~;:~PlJ!l<y.

IIlLII&
.3'
COIl
COIL
COIL
ur
.s"
".
Clli
S

CliU
I'
I'.~.

.500"
('..ul
au
ClIl
.315'

:10_
on
('all
r

,100"
c.n
'":.r

,~'
Call

10-
Ctll
.1S"
c.u
.116'
,013"
Call
00
Call
.2.\"
J"

.2:1'
'S"
.3'

.2:1"

.2.\'
Call'
.s-
125"

,061"
lOon
I""
0111
I'
I'

1\0 ....
r
r
I"

CaU
c.n
.•2!-
.5"

",06(","
I'

,~"
3"

'CoL
10'

.5QO'
1111"
elll
.I!'-

Coli
,12$'
10 ....
10.-
Ctll
c.I1
I"

,:UO'
Call
Ctll
c.n
S

.2.!0""
,~"
Ctll

~"
50_
10_

110 ....
0'

.s"
c.I1

II"""
00D

6 ...
,25-
.125"
Ctll
,OIl"
.3'
c.o
Ctll
ColI
,ru'
.lOO-
Ctll
~l"
.3'

CII!
l"
.5"

.375"
6"
6"
6"

CIII

........ ' ...... .... :...""t-- -- -'r ~---
240" - t-- AGMA 10 HlP )6' '-

c..u MlMA 10 CII! COlI

I
COlI CoU CIII Col
00II CtU CIlI QII
240" MJMAll j7HlP 1$'
)6" 'c.u c.u "l6"
CIII CoIL Co!! 14"
CIII CaU CoIL c.u
:10" AOMA 11-10 c.u 1"
6' AGMAID-t I20P IO~

14" c.n CIII Coli
n" AOMA 10 LSOP 1'-
)6" ou lOP .,.
20' MlW.8 .sOP .."
6" AGMAI 12DP 10"

,CaD cau Call Coil
o.u Call Call Co!!
12" !\Ow. 11,15 SOP Col

IlXlIIEU'I!! 0!N6 14_ 1:10_
ClII can CIIII ColI
Call CaIJ c.u Call
12" AGMAB HIP CIII
,3" MlMA 10 200P I"
c.u CaIJ Call 00!I
90' MlMA8 21)1> Ir
27" ,,01>1 ... 10 H20P 4"
n" AOMAIO 2-' DP 12"
]6' AGMA. ro Call QI
!/II" CaD I DI' D"

2!)'o" Can CIll c..
CoIl CaD CoIl QI
Iii" AGMAII HIP 24'
9(>" MlMAIQ 1,1S 1lI' "in
S' .o.oMA 13 12D1' 6'", ACT"'''' 10 2001' 16-

c.u ('all eon Call
Coli ColI CIIII Cal
n' ColI ,OP )4-
II" CIII 41·2 DI' Col
1\0" AClMA 14 OlI'.'5 Di' 11"
n' ;.oMA' 3Di' 15"
36' Coli 30P Call
110' .o.oMAI I.5DP II"
l,';' AClM'" 10 I DI' .r.-
13- ;.oM"" "50DP 7-
CIII CII! ColI CIII
1lO' ...GMA 10 CIIII CIII
r AGMJ"IO 160P I""

5.5" AG,,"!] 26-1fl() OP Call
l200mm DIN ! 16_ 600 l111li

106" AOM. .. 10 .7HlP 19"
Col! co!! CIIIl 00IIn- AClMA 9 UOP 26"
6' AOMAI lOP T

.750 ... A<iMA 11,12 H_ 1100_
)OJ" AGMA,13 I".]() DI' 00n- AClMA 8 101' Cal
Tr' ;.oNtA !1 101' 36"
oM- AOMA.IO 20P '"6' AOPolAih8 20-120 ,oF CoU
16' -"GIOIA 14 lOP 16"
20" Col! Cal! Call
10" AGMA II 48,1 OF 41]'
6" AGMA 10 23-220OP 4"
16- I'.GMA u Z,HlI' 0'
IS' ADMA IQ..IS I,'" or 12"
36' MlMA 10 "'DP """11- ACl'l."'1-I0 l-lOl" Il:"

Call c.u CoIl Cill
60,0" "aM/\11 c.u Call
ZlY AGMAn 41-).5 DI' ColI
IT ACl~'" 10 501" I"
Cal! Coli Call Call
:lOO" CliU CoIl ColI
CIIII ClaD Call ColI
26' AClM,o,HI Co!! CIII

2000 mm JIS I ColI Coli
lOOO rriiII. DIll 10_ 200-

CIII au all 1"-1111
Coli o.u CoIl CoIl
10" ;.01,,'-1\11 Col! ColI
lI!' AGMAI3 2IlP «I"'
14- CIII Call Co!!
'ClII Cal! Col] ColI
lB" CaIJ 2IlP I"
OS" AGMA8 2<14 DP 0'
!6" MlM.... IO 3Ill' 16-
V" ADM ... 13 IioI-l,OP .'an Call Cotl Co!!

160" AGMA :8 CJjI 30"
10001!!!ll ISO 6 16~ 300_
:nOOmm DI ,9 1"1111

.1«1 _

600IDiD AaPolAII All 14_
IlIJ' AQMA 10 ColI 00
lOO" AGMAI2 lOP CoIL
Col! ColI Cal! CoIL

l~_ ISO !-9 ,0-15_
2~lO _

CIII CIIII Cal! Cal
2400tiJIii DIN 2 24 ilIW<lle 4.10_

12' A<iMA 11 l,'l6,oP 6'..,. ACltM 7 CaIJ CoIl
Coli Coli au c.n
I'~ AGMA 15 4Di' Call

'9!iO" AGMAIJ lOl' CIII
Call Call CII! Coli
ColI CIll CII! Call
Il" AOMA 12 <Ill' CII
n" ;.oMA8 1Ill' IS'

IUIOO- AGM.... 1l 4DP lOW
Call Call CaIJ Cal
16- ColI c.n 6'
!6.Q- !\QM.A 9 .,oF 6-

I" AG,," 12 :lOOP Call
60"' AGMA7 I.5DP lO"
I." AGMA 12 Jill' 16'
n' AOM~J1·i!I HW Cal
60" Coli 4-1.:DP 4'
216- .\GMI\ (Io.L2 ;lOP lU"
220"" ?:: 318 DP 1."
Call emU C.o,



I GEAR: MANUFACTURING DIRECTORY

STRAIGHT 81SPIRAL BEVElIG EAJlS -

""'Ao..r."",
ABA-POT.lnc.
ACRI_"'"
n..A_C_
-......-.o....tM_c.,... .}oIT AGMAII Call--.~ 2.· liMa.

Alli<d'u-CA 1-1O"
_. Gear C_y c.u ColI Call
............o..r.t........,.., 1-]6- I\GMA ! IDPSn!b
Am<n<In Oear. In< .1»13" Coli

r
CIII

Amuican MiltriC C-OrpOnl!OO CIII Call Call Call CIII Col'
_~o..rc.. ColI Coil Coil
"""",o..rCompny 1·16' """ CoIl 1"-21'" """ Call
~!alnDA.nM!:rid,.IfiC. 4Il"IW .... JIS. 16_ 00-110 ... lIS I 17-...
AscoSl~CiIJ" O-l" o,r. I Call
_0... .s-«l" AG.'IIA9 I~DP .5-40- AOMA9-IO 1.3"DP
AT... (;1::11'1 Lid.

1

HOO- AGMA I' 11.6 "DP
"'!<h-M ... Gear Co .. Ioc. I.-50" AGMA6 1.2.5 DP
AJJ.ua-C_ IID21_00" AGMA 1-0 )[)P

II"'RM_"GuJ"CO!1/< ().IIO" AGMA8 Coil Q-M" AOMJt.B CIlI
IIoq. "",M.. I!!<. _31S·l130- AGMA 14

!
16-96[)P

Boo6&l'o\J R1dY1lm S¥-A CIII Call CoIl Call c.u c..JJ_ ... o..r
.2.10-900"" AGMAS 4"01' ,OO-".~" AGMAI 1"01'

nrad.f.oDImGcarWorltri 6·JOK" AOM_A II 0.3 DP 6-ltr CIII D~DP
Brmko~i~11)!., j..4" AGMA 10 CIII
B.-M_.t.GnrCo. Call Coli CIII
BI'IJiIWiJW'EtnmCin PoIiI.'ef' TfIJ]~ [.100 .5-1'" "GMAS lDP 3-1" AGM.I\ 8 I"DP
CalJ<UI ~_l!lL CoIl Call CoIl
~AlIoDD< CoIl CaD Call
Camn-Milll!'f GeIr Co. IrK:- Call AGMA9 IDI'c-n-_ c..J1 CoIl Call
C-Bu-.t.~ I"()u- AGMA 10 IIlP U>Il" AGMJt. 10 I Dr
ChoaJ&~_~ Col! 00II Call
a..a.>o...- M" AGMAS 'OP
n.~c-c_ Col Call Call
ClI"de (jew a: MJduIxo Q.Q'" AGMA8 ZDI'
Cloy« Gao- Call CIII CIII
c.-r-..Io...t.~ .:Bo16- AGMA,IO 3DI'c__ o...lI,\I 1.. 1100_ DIN 6 c.u .J...IIOlmm DIN 6 Call
DaHm Y"~1dYalE MI),. Co. 17.....131 ... c.u Call "llU-m.16 mEn CoIl can
_o...~LId. 0-200.- Call Call ().:!OOmm CoIl Call
Dr.id 8:J'Ut11-a Gtuup R.C' Call CoIl CoIl CIII CiIJ 00
01)'100 GeIc .1,..16" AGMAI 1"DP
Ddcou-"'_ CaD CI1I Call Call CiIJ Coil~-- _4»1'" CoIl 1.}o1'OP t»liI- ColI !.S-J "DP
f.O.E.nl. ColI CoIl CoIl Coil ColI CIII_ld ManufO<!Urina 1·36- Co!! )6-IZlDP 1-36' CoIl 16-1 L"DP
FollC~ 100lO- Co!! I "DP IO-W ColJ I DI'
""""I EnJin«ri .. (l'\-L) J.W. 7'-150 ... c..JJ , onoolul<
F<derol GeM COI]'OfOIioo .!CiO-ZO" ;.oMA! Can_., Goat"~" (;0,. !or Cal CI1I C&Il
f1~~~ Coli CI1I c.u 13-<iQ" AOMA 12 Call
Ponnm.. I-k.avy rl!!dus~ Corp. Coil Coil Call
Fuji Uni'nD:c CarpJrwtloa C.u Call CoIl CoIJ c..J1 Call
G&..N 'Rubicon Otar l:oc. .l80-J6" ACiMA. .1 1Mill' .150-14" ACIMA IS :MiOP
OWliWIL)' Precig~!ln Geaf,. [nc. JII6+7/16" "a~A 10 JD DP
Geat & BroodIlnc. !.().U)" AGMA9 ColI
Cic-m:dlcarDmft 2O-.lOOmm CUoIR 2-B illOdIlle
Geat1O<h Ioc 0-«1" AGMA6-7 UDI'
The Goar w---.s..ru..lnc. I-54" ACiMA7 I.ODP~ lIB-4IJ" AGMJt. 8 .75DP
Geuq c.", or N<Xtb """-"""' tee, loo,,220mm DIN? ~ ....dole
~Ena!""';",_1.Jd. Coil CoIl 00 Coil Call Call
ClriIImGoar I.(JJ- AOMA9 50P Co!! ColI Cal)
He1""-1,,,. COIl ColI CoIl Coli Call CoIl
HobCny,lDc. ~-II" AflM""S-9 csu !ll-W AOMAS~lO CoIl
_I'Iroo<oT_S_ c.u CaD CI1I
~InaJM_.l oppty.1a< 1-12" CaD JDI'
1...... 1001 Spmckm<'" 0.... In!;. 2·]6" ",,101 ... 9 1.3 DI' 2-]6- AUMA9 LSIlI'
I.m.c..po..- Call CI1I Call ColI Coli Call
.....1eto... 1-12" AGMAi • DI'
Unk Goor4 _ Co. I-W AGMJt. 9 Call 1-4'1" AGMAI' CIII
'-1iNI~y 1-60" Call lOP 1-611" c.u CI1I
M.S E.opo<on CoIl ColI ColI 750-3Jl1111" Coli 1-1." Ill'
MadL"", SprtJd.eI .t; a... tee, Coil Call CIII
~~-~ ~IO" AGMA9 13"01' .m-r -.oM'" '01'M.-Mm~ __

.2S-J" -...9 JDir.
rna mu:arGc.ni ColI Call c..n CoIl Cal CIII
-..-...C-" Tool, In< :311- ColI "'11)1' :311" Co!! q.:2DP
_GearM!,. 1-16- AG.IYA 8 ~l'llP 1-16" I\OIoIA • 'Ill'
N~ C«p. 0( Ammc:a c.u ColI CoIl Coil ColI c.u
NIIonGPr 1m;:. !1-4" ColI ColI
Nocdd., IDC_ _IIJ"'~ .l+.CLIoIAlO 1601'
NMIIont Tool.... Goar Co lid. ~.- DINS 10-
O'Brim Gear CGmpQD)! )·36" Ii.GMA LO I DP 1-36" "'OM" 10 I DI'
oo..r Goar_lIx. 1·)6" AGM)\.9 I,DP
o..n a.... .t; MI<!!m<ry. lJd. 1(IO..lCQ)1IIn AGIIIA 11-12 "-.Ie
I'<nnM"'hioe~ O,.O-W AOM",,! _7SOP
Pelmyl\...m, c:::Icu CorpaiiItioa 1·12- AGMA I. I DP 1·12" "'CMAI. I Dr
....."n.-.~ 0-44- AGMA I" 10l'
Philhp!l.Mol~" Campomy 1)-(;" AGM" 6-S lO-!'lllIJP 1)-(;" AGMA"-, lO-lZO DP
PICo...p .~"'..\" AaMAll 16"D~
1'nlO""_Ioc. Call Call c..J1
P1=pon Co!pomtoo .IIJIO.<I" AGMAIO ZB-220 01'
fi'm;ISJOO (k,p- Co 0-14" AOM ... IO 1.2! "DP 0-8,5" AGMAg 'OP_ c..par.tlon

8-17' AOMA'J-lU 2-8 DP-- I.().JIO.I)" AGMAII CoIl
~P'urd,Y'COf"JJ'llftU.~ Call Coli c..J1 c:.u CIll Call
Quolily Gear c..Jl Call Call~-- 2O-JiXlmm ns I Call 2O-1OIl mill Jl5 I CIiII
Radq-M Call CoIl Call l[)..iIOOmm CoIl I~-
Iln>li!n& 0.::. !rw:. ColI CI1I Call C.IJ Call c.tl
Rdima: ac.c~ .5011-li6" AG!Wo ID 2DP .5011-3]" AOMA I~ U"DP
_ 0... Ply. LId. ColI CI1I CI1I
RD<b Goon, 10<. IOO-U- AGMAi 1-6f Of- I-la' AGMAB 1Mill'SciJzC__

CII Call CI1I
SdmI:I" Spline Produ:Q Inc. 1.0-1011" "OW-10 Call_0.... l2-IMOmm "DlN8-9 JO Inndu'h; O-I~mm DIN 1-9 16_SIwJ_~oIt-,. 20-500_ Call Call 3O-.D),.., Call can
SIPCI) Coil CiIJ CoIl~~ c.u ColI CoIl ....lOr AGMAIO CoIl
SahlQ...oIt_e.. 3-$4" AGMJ\S IZlOP 1-14" MlMAI 1.25 DP
Scad. Oriv.:' Pnx!ISrcrlUlI ~ 1I·I36i1D11l 1508 .5-3_ 34-162_ 1506 .-.-_GoorW""" IO-I.50BKD DIN 6 ,- 16-1 UO IDIKI DIN) IU_
s.m..mo -..., Cap 0(_ Call Call CoIl CIll c.u CI1I
s.,n-c...rc.. 7~12" o!.GMA ID 6-31 "DP .15-12'" A£lW. 13 6-Jl "DP
15-iI.ma CiQr en Cail c.a Call
TI1IlWi1IS».DDEn;JilJCCl"inaCo.lnc:.. Call CI1I Call CaD Call Call
TsaMhiiiiL"ilo ~ Co. C&Il ColI Call
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"-m
Lm;;m (Jar 4;; pmt.kII c~
"""~!!d<n"'ll I!!<.
Vurpe ,,"1Ii:::~ SWLLD:rt.aad
Wot,l.nduWJCi'.,ft
XId<. ,loc
z.ro.l\lu.In<.
Zbob&J Imaroo_ I'>Illo» LId.

WORMS IiWORMMiEELS
AIL JII,Cipr.IIIE .3--24~
AB ...·POT, ,In; .100-4.00-
""""* Mduoc MUll. 2-16"
A..:ifiC Gar Co" [nco COli
ACR_1b<. .:1·12..'1"
Tho A""'" C""'P""r 1.0-200-
_"'"""""'(;oar.IIM:. can
Ad...ncc Our &: MIC~ Cup. .J-11"Ad.-lllly __

.J-16" ..._n-J
Aerosp«e OUr. Inc:, 2-16" NJMA 10
AgroEDc- ~l5O.,., 500 11m 110M" 6 BITIOiluI< 2.S-11DIl IniTI AOMAR ""'1
"_krvn GuJ a E'..IJ;IL~ ... Call Call MlMA , )1)1> c.n ACiMA' CoIl
All Pawrr·TrwnmUn:ina I.S-16· AOM"'! 12·128
AIIII:(( ae.....Co. 1-;10" 41)' Coil 20P Call C>l1 Call
A.n1c:n. c.c. Cd, 1-6' 12" NJMAR JDP 1·]6- AGM;\./I 1!l-lOO
A"""'" 0.. ..fill. l/I.O-lI2" 110' "OIolAI 2.:1 DP lil-lOO" NUMAI Call_Oat. III<. :l:5O-1S' ColI Coli COli ,lIO-n- Call C&l1
IuDori<oo I\I<Ui< Corp c.u Call cau Coil
Am<rk1III PftruIoo CIat CA> Call ColI (;1111 CoIl ColI Q!I cJln
Ancm Gr.Ir a 1.MD\In'K'!'!i ,2»/>' ACiMA 10 Call
....... c... ,.... 3i\" AGMA 10 2501' I..'I·U' "OM'" 9 20-120
Atch·Mm[ (iar Co.. f:nc. 1-12" SO· AOMA9 Call 1-60" AOM ... ' 6"iOO
Al1~OnrCDilrli*LY .!!OO-IO.lXl" 36.000" AGMAI2 201' L()Q.llJ.OOO" AGMAm 6-JSO
Al:ilXicaz' 300-12.00!Y 110M" 10 I-JOOB'" BGeu.. __ .1lS-12' M! ACiMA B 1 Ill' O-lO" "OMII' "'"R&;R_"~C .... (1.12" ColI CoIl Call 0-48" Coli CIll
Berg. W,M • lor 1lo·1)(l- '.I~" AGMAloI 1_01' J61S-T AGM" 14 211-110
BmI\&bob KMI1m!n S,p.A. CaD Call ell] co!! CoIl Call COli_""o..r .J3J-UO" S.OO- NJM ... I oDP .1y,.ILQO- AGMAI 1-100
B...t_car_ 4-120- Call 10.100
Btmlw M ..h!i;l Inc.. :w.5III" CoIl AGMA 10 1!HI Ill' M-IS" IIOMA 10 CIll
Bt<WCI'_olG<. CoIl CoIl Call COli Call Coli c.!l
8rowm~ PwrTr'Iru. .I>ld.6- s.r AGMAI lilt' .63-16" AGMAI Xli)

~C:-C<> ,06-6- AOMA9 C>l1
Byfl"1Io c...', In< -'-12- :16"' AOM" 12 Jilt' ~ Call II<
CalkU!~Worb ()..&l :mm 9(IOOmm Call 25~ !l-lSOOmm elll Coil
CtnlLIl:.t ED~nB Co. .J-]" Call AOMA 10 Call .H- ACiMAIO 0111
c.m..-M" ....G.w Co Call i" I\GM" \a 11ll' = AGMA I~ Clil
Comn-""" ... Call CoIl Coil 'C>l1 Cal! Call CoIl
C-8a...&,_ I-W 72' AOMA 10 I DP 1-liQ" AOMA 10 Can
Cbeftu Ci<orI'Cl>Inn<lI'wr lRIlI. Coil ClIII Co!! C>l1 Coil Call, CoIl
Cbk-110 ,Gar Worb; o.t- 6- AGl>IA 10 4D1' 16" AGM" 10 12·120
n..~'C:--~ I{" Z16- CoIl CoIl 1-200" AGMA LO CoU
an:1o Goor 011 ~ 0-,'" 96" IIOMJ\ 12 1.:1DI' 0-1211" AOMA 10 COli
o.rbo...-C" .10-40- Coli I\OMA II lOP .la.M- AGMAIi Coil
COIll!I!t!<ioI Goor oil Spro<kd .2.1-lr n" AOMA 10 2 Ill' .~,(,(]- AGMA to 6-600
Cone Drift OpcnI.iaIu .110-,1)" C.II Coli Cill CIII Clil Coil
D1ivoJlGear ~y LId. Coli 'ColI Call QoIJ 1~50mnt Call CIII
[)rjvild BfOWli Group PLC CoIl (,lIII C>l1 CoIl ('O!! CoIl Coil
o.ywoa... ..'100-14' Coil ACiMA 10 2 DI' ..'IOO-%" ACiw..9 CoIl
00100 G<or ol Modwx CoIl ColI Cill Call Cill Call Call
Dclrnyd Worm GeM Produw .1':50-1.- 'Coil Call Cal! J.J&-II" c.II lj.J60
DoppIo< Goor C<l .2H- Call C,aIJ 'D' ,~-16" CoIl CoIl
Eb:lo~iO;,DV ll-120 """ Cal! Clil

8_
2S-ID23_ AUMl<I CoIl

.",.,......-.I<J .... .15').'2" W CoIl 1-lODP .500-79- Cill ('Ill
t.uc!1d Um'icna1 Corp. .l.S" CIll AOM,,'I 4DP 1·1l" Call Call
fO,u. Call ,c.u Coil

t
Coil CIII CoIl Call

f.l.ufidd Mr•. Co. Enc. l-IO" 60" AGMA9 l.llll' 6-W c.II Call
_carc..". ..'10(1.12" ColI AGMAB Call ..'100-72" AGMAI Coil
Am Oi.!.u,.Ine.. J~19' ColI Call
Fhber'"1 Gear ,a I'IIIdlmr CoIl Call CoIl Call
-Caponuoo .:15-201" Call AOMA 12

I
Coil 1-11lO" AOMA 12 Call

,.... O\,c-c.. 1m-I]" lO" AOMA,!4 46-1..'1 Ill' .l5·17" AOt.1A 11-'"
3__

a....y_ac. JiI6-S" 6' AGMA 12 16 Ill' 3<1-6" AOMA 10 6-'14
a..ol_~&o<. LUll" ,Call CoIl Call Lo.tur 011' Call
0.._&0<. Call c..11 CIII Coli Coil Call Call

GeIr~" .H- IIOMAI·IO lO<!O
o..Tocb tse. o.lO" 1m" AOMA6-! I DP 0-132" AGMA(>-8 I·\IW+
I.lQrWorb,.[1E. .10-16" CoU ColI
'l'b:: ac. Warta-Saale, _. 1-12" ColI "OMAH LODP ,·180" AGMA8 CoIl~ Jl8-1O" 201" ACiMA g 1.5 01" ~-96" _AI &-1Ol

'a... .. a.orom.. 100.150 mill looomm DINS 51!1O<101o 20-350 mm DIN 8 !j.)1\Q
Cic:amnllhsCD. 1-41" AGMA5 !>IIOO
Geriec.lm:. CoIl ColI Can Coil Coli CoIl Coil
o..eral c;,.,COIp ..'1-6" Coil MlMA1 CoIl 2-<1" "':;;"A 1 Coil
_o-en ColI CoIl CoIl CoIl ColI Call CoIl
a..Tii .......Oar Lcd. ColI ColI Call CIIlJ Coil CiII CoIl~~W_

ColI CIII Call CoIJ 2(I.JI·20mm ISOl Call
o.;m" Oeor ,j-).- 3f<I" AOMA9 .lDl' 2·lOtl" AOMJ\9' 1-""9
HIMI:':II Madune CMp ColI Call CoIl C-1I1 Coil (",ali Coil
HMCIrI<:, CoIl CoIl ColI Coil CoIJ Call CoIl
llol!o!ldO-W ..... 1-)6'" Call CoIl

l!oImy<i Call Coil CoIl Coil CoIl CoIl CIll
.101" a..n ,II< Spm<l<u I-W CIII ColIH~._ Call Call Call Call CoIl Call 011'
Hub Cdy, lac. CoIl s- Co!! Call 2·1~- CoIl lS-100__ t....SyR.

CoIl 40" Call Coil l·l2" CIll Call
_1lJoj -1ndiaM 0- 1~12· 12" AGM'A, 12 2 Ill' 1-)6" MlW.12 J ... .,

_II M~"",,,.t; SoppIy l-W Coli COlI
fndLL<Qn1l1 Spnxb:ui .. Ocan, .lCJO-1l" 120" AUIIIA 8 I DP ..'100-12." A!!I\IA' 10-240
IRIco Corponitkia CoIl ColI Coil Co!! C.1l Coli COli
Int.cchCorponiItKHI C>l1 ColI Call cau ColI Call CoIl
_TOoIIO,C_ 2!J.IOO ... lOll .... CIII S moduli:: 2f).6(X)tnnl CIII IO-ISO
kn w.:J. MlidiliEry (l.J2IImm IXIO m.m AUIIIA 10 18_ :B-900 i'tIi:d ACiMA 10 1-1Ol
1IMo_:1ii<. .IO!I-.=- 2- AGMA 10 :IODP
'-I<tOear 1-12" '1-",- IIGMAS 3DP 1-10" AGloIA I Coli
...._c... ..'I0O-I" 06" ALM"IO Coil
l.LnooIn Tool Worn 1·12" 24' ACiMA! JDP l·l2" MlMA 10 6->100
LmkCbr ,- ColI Coil Call Call 1·16' CoIl Con
UM (;oarCo!n!''''~ 0-12" q- Coli Call ~' ("aU CoIl
IdadOOo SpnIcm .t: 0- ColI ColI Call Coil Call ColI Co!l
PoUmir A~IIiQCIUN 1-6" 11" AOMA9: ColI, 1·13" AGMA9 ColI
M"J'In,o....[n<. .200-[" I" AGMII. 11 11DP .200-1' ADM .. 12 6-WO
~M""Eoo>....,;o. .IB·I" ,- "OMAH 161)1' .375 ....• MlMAI 10-<0_O-'._,lnc. ""'- Il" AOMA8 6tlf' '»1- AGI\IAI 10-1000
-'~M(I CIII ]6" C&l1 Coli Call AGM-"B CoIl
Moore MKhiM • Or.- .lS-12" "" ALMAI Call .25-)6" AGMAI 1-400
NdnKlCh E.la:ImnJa; 04' 06" Coil CO!!



~~~G~MFG"~~~~~~~~~"""""""""""""~~~~~~~~~~~~~~~~~~~
;,;::'o/d Inc ---~-I- ~om plL<llc mold«! g.....
Aknm Ce:illt &: Engin~rlnI Herri...ngbonc ge8tln· max" ri!l!Uild.~UtI. mu wdih~ '50,000 n..
Afbm Gar & Ilmntmc!fll IDC. Custom gelf mmuf~t!.IriDg,
AJU!DEngmemnl H~mnsboric 1.2.5~80". AGhIA. 7--8. 1l-L.2S Of. 22:- nJlP., flKZ:-
AM(' I'1>Ilelalygeorr<d"""
American Gt;ii!',& Enginccrini Sildil chain. timing belt pulleys., chnc!q. ~Iwts,
ArElN'I ac. It Imtturnml: ~ ,""",OOtib!ngi!kivml
..uaoo~ loco fiooolGe:m,ntll:l.:. (Ijj~2:5IJIllm,J1S 1, 5,GII'KJIJ'uk
ATAC .... Ltd: lIypN".....l-IOO',AGM"'14.0.6DP.
A!lu Gear C~;!!y Shaper an [otmLl.llOd sbmJder·lypc. helical rem and sphJlei,u!ioln.a:iidjum'ble &'Jib ffixfll ~ arm"' required).

B'" BGear '" M",b'" ('G. 111<. B~,It 'Io«inc (12"_I.
BHg. ';N,M" Ioe Cunom mlUlllfucturinl aU ylliatioru: of bp, (!JCc wKlLh,tmd mJICIi:aL
Boc!Uye Gear Co. AlIl)pcs ofil"ltdfill;! iIIld Cll;1CtiI1I btoIc:bm"
BufloIo GoIr.ln<. llnunB pull")' s, b""",hinB,
C·B Our a:.:MxhtnI: Gear Ibwi repair.
Cmun.:TciaI Oca:r &. Sprocm Co. ,Inc Rittheu- jilw clutches, (fICO oJUicOOi. f;!o;,

('\mnln",..,.lodu_ N~"_ dUptic'Ol gem :5-12'_.
ClI§lDm 1'VIachft. &. TOQ( Co .. inc. 'rl..!1!ID,g ~1I pyJ)eys
De!~ M!!Idti!'!e "'" lOOt, liX. fay scatL ~C:OUPt..np, ~ ~ ~.l:im&nIPILIIc:yL
EribIclttr Ct:u I:~r.chlne WorkI: !Jew :'nspoc:Lion In Ir.
F..IlfDM;l1Corp[;nl'!.KH'I 0051001dniRD ~ fowmy. fOrge, m::hiteClimLI prodvru.
FedenJ Gear C:ocponlioa Wom'I Bt.ii'S 10 :50~ «Tiler dlsl.iJlCt rtUil. •• 'we.!,ght C'.!!~it)' QJ 11.000.IbJ.
Aftl Geat,lnc. Ski;v:1:q&i\wd :m-00bbI~
F"j~ UrunIA Corp;trIlIlJIi Gear mfjl. in our tt::liJf}' in Japan. Thu. she ISsisl.!. Our CullloiYlCf IeilUiig.

Gm:wl)' Prtcl1:run Gear, loc. nne pi:IdL pn:cis:KXl., 200 DP to AGMA 14.
Oar :Prod.ucbi Contprall)! TiIrung bef L4 mm. )!: mID pitch.
Gear wom.. Inc. Gut lInl,n &: .it"itlSC Ci&!ntd1I1&-

Geats a. Gear Drives Mo;bmiocI131:tuulnnI &: bevel. drive geW" bo~
Or:rbmtt {)qr C("J., 'lnI:. Gcrot:Of1 pump ,~. rrowned ~. PQIk)'i.
Huffmm C.orpo~ Gear grinding nliiIc.rIiDts.

IkooiiI Gat S)'itmi!i, ~ ~5!m IIp<<l1try pari ~~11I DeW' recbDology. des:iped: ID spedllC climE requem..
lnduscr:i.tl Sprockm '& ~ Ia:. Qnlile:rll chain !ipro::kt.I.L 'metrit' from ~-2.4 l11<"JI.iilh'n
IiWilhllll! "('\)olinl CQIlXIr.!!,tion TtmI--'Ig pu1kYJ. <&haft ITIQUQIcd ICW uni(,. MlflD gur IBIiIS..
l(.ry1C~ 'Iloadtd Pmdu.:u Roll fOlDled !!IIOI1l1S ,& worm ~ock.
M.arples GeIll1.1nc. Cal plli§uc gear:!.oo pDl.IC)"II.
Mid~ Gar CorpuntioD Gear lOOlhWiling. 6~ ,r.:e, 12" pit:eh dllnleJ.C["2 DP OlU,.
Modem GcIlC!!Ii: MK:lnnc. Ire, JII"huuSCI CNC wmtnB. milUilg. bobbin•• bmithing. OD :lIindi..nz. bob ~JlI.
Modi:f'lCd Gcv .t: Spline ~ CI'O'Vi'Il groI.md aem: &, spline:5.
MOO!1;4A.dd;ison Compmy N'O:lIDiewl.iclpheoo1k famill'iHelpl.mic Jbr bl:mb .5-1r dil •• I"utt.b(c rlJ ebss 6 #'iri-
O'Brim Gear Comp;m} 1nu:maIIiti&p:ini/& otti:n,g 7r hd.ghL. Jr JU"CID. 182"5wlnge,
O.h1o Brukh &I MJiiclilnc Co. Production bro4ldjnllltl"YH:es..
............. _ Spc<d~g...,..,..,.......ubl< '~driv ea, p!__ ""''''''''
PenIlJi)'h'3llJu, Gt:ai' C01pan:!uOD. Sedors2-12- dJlJDe:\U, AGMA 14.
~ c.c. Sy~. rnc. DeI1,SEIMd llW1ufame at' pliHUc geviflll, I]I'~

PLe Dts:ign Metnc '~ImIIva:ilablc m cq~]v.lc:nlmodUies.
~ Tnm.rmssH'Jll Sc!nica; lac. IDdumiai ,ICWiIoJll m:L pump rtpIIr spcclaJJ.i1i.
Prq,rr. Inc. Geai'bo!l n::mnnurutluring ihd rqm.ir.
Q<oall'l' 0.... Mrl- CNC WppjnJ. hOObing. ......... millina. ¢ndina. _ grindina. broo<blnE-
RldiM ~ M Ufl~que Stan.
RjUoI:I.,,,,,,.,,,,,..r S",""" __ -"~
Scbwvtz PTeci110n Geu Co. Complet~ gear 00116. i:cu:ludinS hou;&lnl~.
STD Pra:JilOEl Gear &: lmtru.mml. loc. R.I:tc:bm
S,,,,,,, Gem Inc. Pulley'.
Ta·Ton.o...Cn,. T""",. J1OlIoYI. _'1"""".._ opoed"""""
Til.;o G.,p &. (JQr Master sears. ipLine Wes.
V!IIi!Iey Gnr a; M'N.II!JJc: ~'i!lc. PrnKllB, ml plB::ic I~ nng ran. tim.ml pulJeyI, spe'!ed redutm.. speed im:NIom. mYl:d-~ t/1!M:ml..$I;_;Ioru..
Wu.1bttfonJ ALS H~ll:blgbc.me. 00 del-ret! helix Mile only).
WGhlm Corp = bllIlkL

WIIRMS ,s. WIIRMWHEELS CIINTlNUED
~
NL!i~j Corp. of ~a
Nix: .... iJcu Inc.
N-..loc.
,o'Brim car Company
OhvcrOeU".Inc:.
PtnJII~Cmlpilby
Pc:rm5:ytvani:!i Oc::n CllI'p.
I'<nyT~(,"'1'.
Ph.illip5-MQldP CompanyPI('_,,,,
PoI~ Hi Solidut
~.In<.
Pftc.1J?Ill1GoIJ'.
~_GnrCo.
Precisioo Geul. Inc.
I'nxa. car
Prod.octi~1U"
Prup>et ac...
QIWlzyGcar
QwJi'l' G<ar Mr,.
0-01)' ~~gn'Comp.
R.w.na - M -
R1pidGeu
bwUoJ GeIr Inc,
R.1Wl« 0- CGrp,
-"""'(''''P.
_ 0-.. Ply. 1.Ad.

R~'Mllthlrlif:
!!usb eo..... !n<.
Sch:afu Gear Woriu
Schw:ab. Precl:don Dear Co.
Seltz CorponmOD
S"""IhiOem
Sltio l-lm PrKi:1iM &- roo.
SIPCO
Si'M
SpIngo< ",,"-,
S(~] Our &: MilChme
STD Pruis1OI'I Geu Ii. IMttunlCbl:
S~ock: Dril'l: PtodiSlerl1nllnsl
~Gnnl~
S-uda }jj,ICmiil,IQnal ~
s.,..-c...C_
Syntec C\W.om InjKlioo Molden
To-_Iac...en.
moo Goge It Geer
TnmmWion EDt; Co. I:II!I:.
t~l,,!b~ll:llQio~11'1 Ca.
Uflicor. loco
Union Dear &. Sproc~l
'obrpo: Mim>&<mS_...,
W~ lodusO'le!i. W

'-----""' ...---~~~~~~" .--. - ~

JlIII. .-
Call
Call

,1»2'
.lS-'1S"

1-9"
2.()'12·

1·}2"
c.u
().6'

.Jlj...6l!!·
Call
1·!6'

.Jl6O.r
CoIJ

.5().6"

Call
c.u

1/1·2"
Co'll

.In...'
Call

lO-,200 fiD

CoIL
CoIl

.~"
c.u
Call

.25-10'

.2S0-6'
5·8"
('all

100'26(}mm
~JOOmm

Cill
7.,5.-.1 LS mm

c.u
~-)()"
Call

10050mm
Call

lO-150mm
.25-"1'
ColI
Call

.06-6"
Col!
CoIl

.3(l.!j-

().I"
.5-6"

.I!IaaII!
Call
C~I
CaU
IIX)'"
60"
)6"
24~
Call
Call
2"

('011
60'
12"

CaJl
s-

CalI
Call
b'

CO!!
18'
elll

1200mm
Call
Call
20'
Call
Col!

6'
6'

27"
C>lI

JlXXJmm
co/J
call

2timm
Call
144"
Call

5:5mm
Call

200mm
4~

('all
call
6'

call
CoD

41)"
Call
12'

- IYtMl -
Call
CoiIl

AGMA 10
ADM A 10

Coil
AOMA 1.0
"G>tIII'
AGMAW
>\OMA6-8
AOMA IZ

c.l1
Call

AGMAIO
Coli

AGM ... l1
Coli

AGMA 10
Call

AGMAS-Il
Call
Cal!
('011
ColI

AGMA 12
Call
Call

AGMA8
AOMA8
AGMA!O

C.. U
ColI
Call
('all

AOMA1
c:.11

ADMA !2
c:.11

ISO!
csn

DUO
AGM",IQ

Call
Coil

AGMA 12
Call
Call

ADMA!
AGMA ro
IIOMA 10

('all

~~
"ill
CIII
1601'
I DP

] OP
2 DP
! OP
Call

2O-1200P
14DP
Col!

14-1 DP
21-2211 DP

Call
]DI'
Co'II
Call

IODP
Call
80P
Call

20"""",<
Call
CIII!
401'
CoIl
CoIL

2-64 DP
12DP

64-4 DP
Call

IS_
Call
Call
CoIl
Call
'I DP
Call

3 """"' ..
Call

n.......
6-J2DP

c.u
Call

'DP
CoIl
c.u

20P
3(]'OP
4 DP

~n-
.62j.{,"

.n-In-
1-12'
"')6"
1-12'
Coil
0-6"

.23·16'
Col!

2-110-
.lIIl(Hi"

CillII
.»:1.4'

c.u
11lI ... •
c.n

~Q....4()Omm

JO-6lOlmm
Coil
C.u
1-l6"

Call
()'18'~..."._'6"
.J-14"

2O-1{J01) ifim

2·10'
CIlI
Call

-,,'2"
('all

300-6"
.15().<I;"

()'Z'
• 0-16'

Call

.IIIliIJIII. - MU&IIIl -I
Call .-- c.n
('oD ou

I
...clMAIO ('all
...aw. LD c.u

Call IO-SOO
AOMAI Call

AOMA 13 6-+
"'GMA 10 c:.tl
N)MA6-fI 1-.52+
...oMA 12 s-

Cali c.u
c:.tl '·200

AIlMA 10 c.l1
Call Call

AIlMA'IO f>..4OO

c.u Call
ADM ... 10 c.l1

CtlI c.lJ
ADM ... 5-10 .. lOll

nsu ColI
csu U-200
Call ColI
C.II Call

>.GMA 10 '6-400

caU CoIl
CiI! Call

>\OM", 8 ColI
....0101 ... 8 ~-400
MlMA 10 !~

CoIl 6-!1l
CoIl CoIl
('all Cill

MlMAII "·25
ClII Call

...OM",8 c.n
C.U Call

ISOR 18-~

DUO Call
"GMI!.,IO IT

('all ('all
CIII Coli

...aMII 11 6-120
Call Call

....GMiI 12 1-12
AGMAB Call

AOMA 10 Coil
J\fl1totA 10 6-200

--- -~---~--



_____________ .ICOMIPANYIN.DEX _

Wile ... fa the Coinpaay Inde1l at die 2Il1O GIM 7£1»101"" Gllr Mlnufacturing Directory. Use thil index !!llocetl thl compl"l contact intllrlHlion fln
nch compny lilted iR the Semen Inde.. G..r T£hllOl"" .dYertilln Ire shown' in boldfacl Iypld fesPllniblt for Irron lof flet Of'omillion. Hyour com-
piny _ not lia1ell in thil directory, and you would likl to be included in,thl nlxt onl, pie ••• cIII141-431.:saM.

---,,---
I!. & A Gear, Inc.
1&40 Q -1~ t..mo: Rd. UIIII,204,
Hulllm&don VoIlq-. PI!. 19006
(2151364-3952
Fu: 12Uj 36<1-3951

, ABA,POT!JJc
IlQ5 '[oU."oI1"pU
~. cr (!6!)40
(HliO.643-6l-11l
I'M; 11160/643-16]9
~llIubapJf.."-
....... ubapgLrom

~ M.du"" ill M.in",-.IIJC.
1223 Soulll De!:rml
1'!!1Y. OK 74! 2O-42t1O
(9181,585-1125
Fu: {91~15i.s.n6l>
",,,,122R@twi.WI1I
","'¥!'1l'.llt"C.Ilmll1fJlJChJnl!llI./S4.nHf1

Aomo 'Gear COtnI!".JIY
lJOw ............. _
Englewood. NJ 1l'7631
(20 1I 561-224~
,Fu; ,20! 1S6Il.m82~ac_r.""'"
~.4fn:M

ACR IniIU>IIla. I""
1517H'Rnty.'irbr.,o MlkM
M"""",b. I\IJ 4II042-MXJO
( 1011 I-:II!OO
F•• (lila) 781.0152
Jilil.':r.ac-ruull"'Dfl'l
........""rINL .......

The A.dIm.o Compoll)
100 EooI41h, L

i P.O. &.2b8
'Dubuqu<:. II!. 5200>1-02611
[3191583-3~91
Fu; (519) 583-1IO!!.II
a.dam.rco'llmwCl\'M'1
.........~."""
......,..,!'Itt,..... ~ • ..,.
P,Q.&.520
~ M!I8221.m20
(!iOSj &5-11322
Fu: (50S. 85-ISIlIl
,1Id<W. ._ ......
.. .,....,;:IftII'1C'(!!1'ft

........".,.,,o-.t Modlin< Corp.
16201 . B,,*,woy
P.O. 80 23711
0 .......... CA 90241-lJl1-
f2U) 770-19,.
flu. 11131 77O-1llSS
ImA'HOII flu"JW''-~Jlll.l'Om

Ad •• nQCd J illy Modti ... 1'ruW!.:t> lee.
II'llndlL""ol Dr.
p.o. 'i!m. u.s
'ManetI, 11'10 65708
(4l7l235-6942
,Fo; (411"1235-11174
tJd,~rJfrllw/MI.""",

......,Gear
1050 DIy Hill ltd.
Wm<bDr, cr 0609:5-4718
(lI6O)
'F.. 861).285-8514
Mg«HJliliW"'#M."""
M.-~J'IJ3'm:r.~

........ Mald.Ino.
n~~S1<ql1rli1l Dr.
I'brrimn, AR 1260 I
(8701 741-II5S
Fo. (870) 141·2693
jdaJ/lutlJd.rm
"",IW(Jl.ro·IJK1ld.("r1M

:~~.~!:.
I'omporo IIco<:I1I f1- l:106C
(9:'l4) 979-844lI
Fa: (9SlI968-'l9Jl

A .... En..-..
E-3 • .-.- EIUIe
324007 !Woo. It.. ,han,

In<!ia
(911 744-l60835
Fu' (91, 744-o!50270
ag"-~nRinnr:r~Ji.JIwu.com
IJJtp:/lQIf'JI'~ ... 'npod..rnm

kUoo Gtw ,II Ell
§III M'oo'pft , ...
A'I!:r!!oI. OR 44..'119
C--ll5B-6iOI!
r.., (!JII) 77J.1_
u............ I«r.~....
1In'-~~"'.I.:tiWf

Albro Gear!l [11IDl!m<!II Inc.
86 H<J<>Cbiod ltd.
Yopbank.. NY '119i!O
(63 1I34s.oM7
Fn: (631) 345-0&63
albmgMrllpOOrmiLcOlft
WMJ'IoIo'.nwtaJ'l.r'Onl/alhrosror

AU Power -lnmn:i.5,JUOf1I hx:.
3146 Mlrk" SL
Gm:!o Bo" WI :'l4~
(920)336-5111
Fu (V20) 3J6.2&lO
apt.u[I,.,..."I'!"""."' ....
"''''''''' ..aJlpr",'rnrar..s.CUft'I

Allied Gear Co.
4'lO1 .~
~.1I.6Q6o!;&
mJ) 2l!7 742
1'0; m3) 2.117-4721l

A.lpIIa Gtu on,
1440 Ilowwnl SL
Ell a....e V~ II. 6UOO7
I'bow, (1147).39-0100
m:. (1147)4J9.Q"5
.....,..,,,/pI!qft<!'''''''
l'J\!:n Enl,nemnl " of 'III..,..""", C"
243 N. B"*,, L

P.O, B"" 12j
Bromm. OU 43107
(BOO)338-8265
Fox: (740) 569-4111
p;fishlrllw< .. ~u."""
1IAl'llo!linr.sr.l.rmt.lIJCfJIr:.pa1f.e.n.cam

""'""II<> 'Ckot C""'_~
P.O. 11m 17
241)1~l.II.
.......... 110, TX79I05
(1106)62.2-1173
Fa (806) 622-32:5
_".,..,.ImI. .....
~it:~riJJoNr:a~n.m

AM
422171rvri<! Dr:
II-ImiJoo! 1\Iip., MJ 4l!01i5
(810) S3J.0244
1'0:: (810) 4/i9-11S75
lfIYWfI'''P"" ..--IL""".
IunmI 'Gear Co. Ifi<:.
811~ 'W. Dean Rd.
PO. 80. 241141>
Mil_.WI5JW
[414) 154-9666
Fax: (41.4) 154-9635

AmorII:III Gcot a
38200 AbruzzJ Dr.
WestIInd. 11'1148111.5·)!IlO
(1341 S'lS.&IOO
n..: nJ4I5'r.!..(I149
_~Q"''''il~
..,...?Ml.aJfU'TIl'QIjINfirlJg ('UIft

American Goat, I",,,
91Q SwaQS<!II
P.O. Bo> 156
Prophetstown. IL 612TT
(815")1-' III
Fu: (8151 '37·l!I7l
r~~_r.cumIf)l£IUJMrrr ... I..8N'/Iwtrv

~ Machu"".t c_
171ll NW. I-.w
IPuotlmd. OR 97210
(50)) l2J..1l4S
Fax: (50)) 226-3526
~Ui aoI ..-

Al!lorican Mctrlc C-<>rp.
52 M.Ui. Rd.
Loun:ns, SC 29360
(864) 876-2011
Fu (864) 876-26.lO
u,..iu.lJ/'f'fI.~.(T.MII!
'W!iJ!M,!~Irl.C.t'UIP!

American ~ Gcot 00.
II129~SL
P.O. 11m. 'lO6
San Carlos,. CA 94117D
(1iS0159s.1064
ru (4151 595..(1388
""'8l'O"'poc~l1·ft"
~~,gNr:('Ilm

Anmn Gear lit InstnJl1V!ntCorp.
149 Vcnli SI.
Farmillgdolc. NY 11735
(631J 694·52.55
Fa., (~IJ 694-5056
inJoUUIK'VI1gPf.lT.CI'JIII'Ii
WWMt~wrcanst'ar.com

Andotooo-CooIo IDcoopuntal
17650' E I5-Mde Rd.
Fruor,M14l1026
[8! 0) 293-()8OO
Fu: (810) 29J..08J3
~nlilaNk""""ooI:.CdIIO
.~.t11Ilh,.fI.J!fIt'Iliil~

All:llIt..-..alJoooJ,
I09SS Wi1h<" C.,..., l'orI< Dr:.
Clw"lolle. C 28270
(104):1 -11!O9
Fax: (7041 58g-992I
!Ui~/d@arer.nrt!rnaw,"aLf"i'IDJ
"'iI'M,j,tlJ'fitutI'llNHKlIlUi.{'(,!fflI

Am:rw Oeat Co .
2301 Curti SI.
~",aro- e, !l..ffi51~55
(6.lO) 969-7640
1'.. : (6J(l) %9-0253
Ie"",. a..... ·8.... """
'I!"!!l"'ltl;iU1'OlII!'g~tu.('fJIJI

lute COfP<l!L-"""
1111fw.!ft"A ...
Nashville. TIl 37211-44ll
(615) 2.54-6691
Fu: 6IS-Z:'l4-/i6S6
SDJes lilunzrotp.cmo
iI'I"WI't!Qn«mp.f'tlim

ASANO AMorI<a, h<.
5555 0wIdmJ0I0 PIt"'!'.
SalU44I

I!m"Om, GAo 3Oe93-U53
(7'10) 449-05001
F... : {7'lII)109-Olfili
A.ra"D@A&Q1IOAIIft~tO,1n

~ww~aAL~~tDM

AscQ Sintenn Co.
I =GorIiddJ\~

'Commoroc, CA
(32317lJ :Hll
Fa.. (m) 888 99611
iIrjD~IUC<Hbu·m.I·""'"
wwar.~UWEtlng ["Vii1

ASIT~lnc.
<105<:-"0...
n....bom. FA 19044-1388
(2 IS) 674-8910
Fax; (215)672-1816
dbt-rl..i1Ig~TfJlJ..ddm.,..J,.l'OIII
llliWWr.widm?.J.cvm

Asuon GeIr
6141) Rivtt Rd.
llodgkins, It 6IJS2j
(708. )$4.2800
Fax: (1081 354-2Il10
~'.aJj'mrlgt"CJr.com

ATA GeLrs, I ....
I 1'l1lSS ~ It""'"

Rock, IU_. Qlt 4411~'
1444) 3S6-4IlM'
Fu: (44413S6-412l19

O\TA ear. LId.
P.O. II.cd U.

nN-3JI.II T-..,..,....
II'bILand
+(.l!II)3-2II'1.1U
FIx: +(lSI.3-2.117f.UJ
pmlJruuJ,r'i!a/iJ.,1YUI,/I
"""'-',MnJl

AJdt.Monl Gar ,Co •• Inc.
Northampmal!odul!nall'lrl.
/6 lndu.Uiol Dr:.
1'7bmc1. PA 111974
(~I~'lli-S 146
FU: (2IS)3S5-357\)
-11""",,-.,.,.
WMI'iiV, alduntJtr.tgeUT. cowr

All .. GeIr C""IP""Y
3Z80 1 Ed\\"I1tI I\ve.
Modi""" H"'&III~. M1481l71
(24 ) 583-3000
1'... : (2048) 58)·343]
blx"1J'0I1iQ.11.u.J8rarro.rnparFli-~tHII

""""'''''''''''' ..:'''''pwr,......
"'"""O-Co.
2710 IWcon:h Dr.
R",Il<:Ottt twls. MJ 48J09
(248) 853-6500
Pax: (248) 8!ll-14 ,
ID'QII.QntlQ.ctJIIIi........abbr>-_-=-
A1iDCioIf
1Il00 S• ......""., SL
1:lImttr, co 1!O223
(3031 7«-29.29

••. OOJI 144-1i146
~tufilaoI.cr ...

Ayers 'Gar. Mochlne. Inc.
1112N 31th Dr.
1~"1. AZ 85009
(6lJ) 9]4·691)
p"", 16"231917·1775
___ B: _

II4lI 'Gtu '" ~hmr Co.• Ifi<:
2.5 s, MaIn 51.
New Ld!o:non, OF! 4534l
(931) 6117-1111
n..: (937) 687-1320
~II<II."""

UR~'" Gftr 'e.".
1'.0. 110 ,5JIi,

,Wi. IIII'"..a) U
Iwtm. 3I1S5

(~II (56.2636
iU:: (901) 456,3013
WWIII'.bIINr.£'DM

Bug. W. M •• Ifi<:.
499 OcmRA ve,
E. Rockaway. Y IISI8
(516159&-1700
Fu; (516) 599-1l16li
"",~",.MllbrIJ·"""
WliI-w· .. i'ftbrrr·C'OM

Boo1IIIiDii Ridvu,,", "p.a.
V...Gi......ru xxm, 11a
Lippa illCaldenn (80.
&IognI 4aJ12
lWy
++(39) Sl-Of7JIII
Fu,++(391 SI-Of71U16
ba#diglloil/lbotifl.IlIllH.-
.."""-""'VIxIlolL .....

B<><loo ClcIr'
14 Haywml SL
QuIllCY. MA 021'lO
[II!1IIJ 999-9HliO
Fax: (6171 479-623K
irr[u@busB<lJr.cmrr
W'M"W.'.bo.rlgNT.Cam

Bl"OiII'ooIc Gat W"",
1309 S. Cicc:mA ••.
'Ckem, 1\..1\0650-1_
(7()8' 1'.52-1700
IF... : (7O!I165l-4140
'i!;,.~bruJ[oolr ..C'I1IIt



_-------------COMPANYINDIEX-------------
Bm""o Millisa Inc.
9S G.rfi.ld Ave.
Copiague. NY 11726
1631.) 22j-!n41
1'.. : 1631) 225-24]7

Brewer Mochmol: Gear Co.
lB20 CIart Ave.
St Loo;s. MO 631 OJ
(l14n34-4021
F'o>!: (314) 5J4-4026
U'IfoClbl?Ho'rrt?fWtJlWf.Cl'Hft
""'1Il"",.brrl'l'l!nt.n.[,joorr.r:orn

B.-mn~""",..'l'ro!!".mi ..'i""
620 S. Aurora 81.
Ithaco. NY 148SO
1601>1564-2003 rMorkl'!lng COID.!l1unb.lloll')
Fa" (606) 564·22]9 (MllrkclinB
Cotnnm:nicatiOll!i)
tgtrmann @l'm-ersvn~~pl,c(}m
",'W"4·.Vl'It'"r.sD.rI-qJt.rom

Buckeye Gc.ar Co.
51.30 Ricbmood R<I.
CIo\Ieland" OH 44146
(21~1291-6424
FOI: (216) 292--1i4S4
>lrftimorrlill<lJnhlrnkAn
""'M>"lII.bud"e}f!'Kt(Ir-s..COnI

Buff;'].o Gear. In!:.
3635 Lockport Rd.
Sonborn. NY 14111
(716)731·2100
Fax, (716)131-1553
bgl635@~m.c_
... ·M ...'1.dlllfJ·a1og~tuinc.nH7'I

Burz- Noooo Mfg. Co.
SOlI S. W .. tern A, e.

I Galen. IL to:] 134
, (630) 23-2-4100

Fa:<: (630) 23-2-3790
~ClburvjS/WrIi.»l.com
'H1M,..:bu~.'.1nonmf.cam
____ IC _

C.G.M. 8.t.L
Vi. Bruno Buozzl, 113
201lJ0 Seeago
11l1I~
(39) 02-998080 I
PIX: (39) 02·9\188.522

Calicut Engi~ng Work. 1.J:d.
2M. c.m.c SI.
Cak:tma 71JO!116
IndJa
(91) 33-2475693
Fa:<: (91) 33-2476072
!ll/icur@holmlJi1.com

c..piml Sl&ll1ping' Corp.
3879 N. Richard. 81.
M.I",auk..,. WI 53212
(414) 963-3500
1'.. : (414) 963-3516
CM@r:llPiJDlsJIJJnpinNs~rom
,"rw.~capital.sIa.mpUr,Rs:.com

CopmanAll •• ue
IO~Dr.
Wrenlham. MA. 02<193
{SOlI,384-3100
Fu: (SOlI) 384-3196
oop~lanlQJaoJ-,COI1f
iIIt""""~t"CtJP.rIan.cam

CanfinoJ EngiD<Omlll ~y
3541 N_ EISEon A' e.
Chi<ago.IL 60618
(77)) 478.(1522
Fu: (773) 47S-388l1
~tL1l]fIIlJ1Mnl«h.n'1

c.m..·Millor GelU Co.• Inc.
362 B"""", Hill Rei.
P.O .. Box 268
l.ooJ.... C 2809'1
(704, 888-444
Fu: (704) 888-4554
"'W'N.an-gNIT.CUfI'I
dunttcm,Kt'lZT.CDm

Camn- Vector
"'_ueEifTeI5
B-I300W.m
Belgium
+-I{l2)I()'23-I.JII
1'",,: +-I{32) 10-231·336

l"'olll.~"'"-"""Q"""
1I1lii""'!mron-l'CCI:or.1N

58 GEAR TECHNOLOGY

COB Gear & M""hine
P.O. Bu. 111278
RoostDII. TX 7729.3-0278
(21II'449~771
Fu: (281)5'lO-9121
Jaksflld>gmu_
M.."" .......cDg.raT.com

awdam Gear Co.
40810 Brentwood
5!CrliIlZ Heigh!>, MI 48310
(810} 795-8900
1'... : (310) 795-8908
mbrJ}sira@clriJrriam.com:
tlM'KtcMidum ..(f1tn

Chentn GenrlOmn:nel Power T[lrn~mj"s:tcm. Inc.
1275 Bloomfield Ave. Bldg 2·14
Fairfield. I'll' 07004-170H
(973) 244-17SO
F.. : (97)) 244-1146
ilJ/o@ch.nJo.rom
'K'WW.dioua.CDm

Chicago Gear WOO'kI
1805 S. 55l1t A.e.

Ci<:ero. II. cI08I'W
(BOO) 343·~2
Fox (800)432-7957
.wJlsCichtctlgnguoTK'Orb.C(iIlIfI
....."Ii"li!!\cnic.QgOKtlJt'K,orb.{VPft

Tbe Clrn::illrut.tl 'G.. r Com~
5657 W",,"w- I'fk.
Clncl..... lI. on 45117
ISUll71·7700
Fu: (SU) l71.(1(J4~
ciJuig_Wf1I'IIIJttUlL,1n'
III'Ww.cinJig"f!tJl'.cam

Cild< GtoI/' & Madtifto Co.. 11Ic.
ISOI S. SSllt Court
Ci=o, [L 6(l8OoI
(7(3) 652-11JO!I
Fax: (708) 652-1100
cJlB~r@cirrl'1l~tlr.c:om
~~~rifLt~B81T.a»n

Clm, Ocor Co.
&058 Lenkeesblm BI.<I.
Nonh Hollywooo;!. CA 91605
(818)768-0690
I'u.: (81&)767-5577
clark~gaJ.r@tanhlin1..I1~1

CJos.i<: ,(k ... <I< Sprock"",.
1629 W. Haske] SI.
AppIe!m. WI 54914
(920)131-7658
Fax: (920)731·7688
l"ia.ulc@n:r.ll.ll'uII!"J'

~t:lauqm".('OIfif

The Cleveland (kar Company
3249 Eo SlAb St.
CIeve lan d. Ohio 44] 04
(Il00,423.3169
sa~5@tf..t;"tI(ffrd'ttU:crJm
WM,"W.de1-.,./.oml~l"iJr.('om

Ooyes GurIR,us.h Mew," Di,vi~ioo
High .... y IS Ilasl
Billing .. OK 74630
(SOlI) 72S·3295
F'u: (50111725·3217

C"""""",,011 Gear pmcko1 Co. Inc.
618 Wa:ohingt<ID5,-
E. Walpole. MA 02002
(SOB) 1\68-107]
Fax: (S08) 668-6615
commgror0~_C(JIJ1
.WWw.coltlffufrrlaigrar.com

'Coot Dri,.., Opctali ... Inc
DhruiOIl1 mTutron Inc
240 E. 12th SL
P.0.1Io.l72
T"" ..... Cn). Ml4961\}.Q212
(6161 946-l!41 0
F.... 1616) 946-0235

i Cool! 1'rIruimi ssioo Co
P.O. IIoA 5127
Rockfortl.IL 61125·.Q727
(815) 394-1400
Pax: (8'15)394-7-1211
sal~s@COtI'(I'.com

WHw.cotllJ.rom

Crown Gear i9. V.
Bl!UI'SCl'iuv,1 200
ErL",hok NL-7544 RO

HOLLA D
++(JJ) 53-477.3622
FIlA' +-I{31) 5)471-9141
!t1.U!S@cMWlIgtar.ftJ

www.cmwngfar.n/

Cunningham IlId\l'lrico. Ioc,
101 Lincoln Jt.v<.
Swntortl. cr 06902
[2(3) 324·!942
Fax: [203) 324-6039
/,.d@<:.l'-~illKlriJm-rnd.rnm
wnrw.cJlMrnRhwtr-rn4("(.i1t1

Cus(om Gear & MK':hlllC

2422 T.. gantm SI.
San Leandro. CA 94577
5IO-I!'lS·\l985
Fox: 510-89$·5411

C!!SIam MIlCh,.., & Tool Co .. II!!:.
22 SII1I100 SI.
RO.Be. &90040
Eo<! WaylTlOlJlh_ M .... 0218~
(800) 355-5949
Iiu: (Il00) lSs..4490
Mlt!J@n,-,tco.cum
itr"kw.:['II!fUt'(J;.('Om

I D _

Dill,." Yield Yo:nrCha'os Trun.<mi. ina Mfg. Co .
3320 No. SSI X.."... lid.. Mbdl"",
Dalinn, P.R. Qf Chi ••
+86-41 J 421J8OO8 4208800
Fa>: +86-411"'2081004201336
.'I"fld@moil.dlpllln.cn
14"'''~ylrld.rnm..cn

DlVIlI a- Co. Ltd.
Welham Grnen
flo/I MId, Hmf<rrd<h ... 1\1.9 1IB
Ihmed Kmgdam
++(44) 1107·283,100
F.. ++(44) 1707-283111
infO@dlI ....rJl.c<)."k
",',""w.damlloo.uk

J}"vid Brown Group I'LC
Part Rd .• Lockwood;
Hydd¢r>iield. WeSt Yurbhln:
HD4,5DD
Uni,<d KinSdQm
++(44,14114--4103500
m.++(44J 1'IM-465SOI
injo@dn"jdb"",,,-com
1'I1'W14~diJ\Trdbff1'rjn.com

Daytonao.r
500Famc Rd.
~yl"", Of! 45449
(937) 1!66-4121
I'D: (9l1).iI66-I)4O!l
dg,ar@n:itrr-r.com
11"'''',"~dQYIl,''''Kf'-ilt:C'Om

0.100 Qellr & Machin<
3102 E. 70th St.
N. Long Beech, eA 110805
1562)~34·99IJ
F'u, (562) 634.0358
)umr.f Jtlwg.r.ar.cnm

Delphos Moch.l"" & Tool. I"".
4239 Hom ... 1\,..,.
lloytOil. 01-\.45411
1931) 268-6121
1'0: (931) 268-6245

Dclroyd Wonn CJear PnxIurulNultlill Gear
2221 'Ni"il"U Foil, Blvd.
NilSon Fall s, NY 14302
(800) 432-0121
I'u: (716) 731'·9329
nllttlllJ@nUltaIJgf'Qr.rom

Dowl", 0= Cu.
2715 29tl1 Avo. Soullt
MIn"""""II •. M:N 5541X>
(612) m..sXH
I'u: (612] 729-8302
.wI •• ~tkwl''I!NT.CDIfI
M"M·M.!.lJopp/~Qlfar.rom

Com. Compaoty
86101'l\goAvo.
Saini Leer .. 1';10 6lll4--6l81
(314) 423--7lOO
firt! (314) 423--808l
in/o@d",r/sco.oo,"
~VW'IY,do"isco,c()m

___ E _

EruolPUll" """MI)
P.O. Box 'lOll8
Em POiol. 01\ 30344
(4Q.I) 762-17)1
Fu: (4Q.I) 762- 17J8
CCtJJ'tr.m1ndrpn''''/l.r-ntI'II

Eiokhoff Corponilion
lOOPorii. W... Dr
Pul!ibuJb. PA 15275
(412) 78,&.1400
r :1412) 711&-4100
.... H" tu:khtJllcvrp,{'rNJli

EJ.klo IWldrijftcdmick BY
I'nl;lllu.541

! 7600 AM ....1""'10
Nctherlunds
() IJ 546-~16120
POl' () I) 546-~761S5
hflt1<rrns".,,,·la.cam
1I,.,.",,·.,.b~lo.n:JiIIIII

!!II"""'" Tou> Fcq.
12XJO A_mclia Dr.
1Io""un. TX, 77045

, !1Ul434-5101
FlU: (713) 434-5157
mMl1'litil.d~/HJ.ro<tI
~,....!tlJ",'t1lJIiJUtJS/Of'R~.CUfTI

EmcoGwl.In<:.
4329 No I,,:&i< Ave.
Chicago. IL 0061
(773) 53~·131S
F....: (773) 5311-8792
"·w'w.~mr.&<8~an.C"fHft

Emmoo Power Trnmni»ion
620 S. AlJRlR SL
lthxa. NY 14/1j(f
16(6) 56<1-:1003 (_g ComlnlIruI:atio.)
P.o.: 1t.:l6) 56<1-2239 (MamIiug~)
l,rl"ftiWflll rmrnnn-.rpr.n':iWII
KI''i'i"M.:.,f'nw'' O,rt~Pl-[,'-1f71

Ell.,..,.. loou:slriales Ri ........ S_A..do: CV.
i'Ilnlen,. 1288 31!'l
Col. N ..... ViIllcjo
07750 M""ioo Cily. D.E M.. ice
(52) 5-SIr1-8266
F.. · (52) 5-368-3432
.rir:sCI@rumpuxr:n'p.com
W)i---"W.l'lrta..COtrI

EttbKJK>. Gftt '" ~1.. 1IlDo Worb
42J Good H.....,
C."" GI_""-"',,, ... 1\.10 rn J
(573, JJ4.404II
F •• : (573) JJ4-1114

jurr1I .rlbad .... """._
tiltifIW.~b'l'InfI'''CO.

Euclid Unm:na) C"'P-
7280 WnGbi 1\ .....
Bedford, OH 0(4146
(440) 439-6970
Pox. (440) 439-5613
~m:JldlifliLlNlC'IHPL.t:l')Wl
'HrwH-:~udj.du/Jiv.t.r.ra/.com

,""""",,, orp!>fitio.
3971 Mlm>aII CL
Duluth. 011. JOO96..5281
(770)622-3Il00
Fu: (201OllSO-4D82
t':Llros~" lIyuhDo.cvrn:
WM,''''.amSOLIC'Om

I F II _

F.O_ enG
58 Jmousllll:cn St.
Z 1131 Elllodom l!Jkcblil
AIt:A.andria
EgyJl«
mDhmU;ya}rOt~",rool

FaitfJckl M..,uf""llaing Co.. I"".
U.S. 52 Sooth
P.O. 110. 7940
Woy.u e, IN 47\103--1940
(765) 772--4(01
Fu: (765)172-4010
sbb •.tfl/Qilji.ldm[g.rom
~...w/"il1i.Jdnlfg rom

FI!!kCI'IfJ)<InI'O<I.
3001 W. ComI.I St.
MLiwauk ee, WI 5321111
(4J4) 342·3131
F... (414) 937-'1359
/alkin/afl/uJkcorp.ct1IfI

mailto:ilJ/o@ch.nJo.rom
http://.WWw.coltlffufrrlaigrar.com
http://www.cmwngfar.n/
mailto:dg,ar@n:itrr-r.com


_------------IC.OMPANyIINDEX.-------------
fa:mll Engineori"lg (Pvt.II..ld.
16. M.=i"" Floor. A""",i T<ITIIOC
148-A, BI....-k-2_Allan", IqboJ Rd
J<ara<:bi. Palcimn 4539308
fu: 4.541069
htmlfptll!ju@uJt1,..,

Federol Gear Cclopo<:Mion
)8134 We,<;lemPI<wy.
a...~Iand. OH 4-1094
(440) 946432]
fu (440) <J.I6-8018
'I.IWfiU@tloi.com
WM."H:lhomnsreRist~r.c:omIaldfFdgr_a,

fL'" Gear. Inc.
7006 I'reedom Wa~
Fill'! Wayne. IN 468 18
(219) 490-323
fax: 1Z19) 4'lO-4093
G'"II@liim'a.or.com
tf'lA"lt~fi,u·R~Qr.cowr

FL<her', Gear &<. Machi"" CD_ Inc,
l~UI S. Slrnlll Fe Av<.
Los Angel ea. CA 90021'
(213) 624-7554
I'u.- 1213·1624-5729

1'1._ Corp:","""
950 Tong.1< Rd.
.Elg"'. IL 60123
(&47) 931·1990
I'D: (847)931-0111
",k,fifj!.'lIh",,,,"com
u,.... ""'j1!eM.f!rusa.(YNIiI

FDr•• t ell, c .... Co ..
n7UMolD, I.
P:O.Bo..
It""""", It 61117J,.OO1M1'
(IlS) 6l3-11611
rD' (81516ZJ.662t
""~Jff/~/cfNT.CO'"
W'MlWJcB'«IT.co.rrr

"""""'''' He •• y Industries Corp.
13957 Cmne.1 RIdge Rd.
San DlOgD.CA 921.2 -4J1)t,
,JlSa) 618-1414
Fa>: (858) 618·5473
rormo.ro_H<<IVy_'nd .. m es@c_m't'_rotrI

Fuji Uni.lUlCe C~ioo
N.A. Enginoen"l &. Produel Support
3101 FiI'SlAve.Nol'Ih
Farsl>. Nil S 102-3005
(101) 280-9548
Fox (101) 21!(J..IH3
unimnc~...foTgtJ@m.rn.com
___ G _

G&N RUW:DIl Cio;u' !nc.
1550 E. McFadden I.ve.
SOIIIlI ....... CA 92700
(714) H3:l-0326
Fu: (714) 973~2330
mrih'Orntsfl',snJ'llbtcon.com
~""....~glJruhit"o1t.t'um

Oujl1J Bevel Gears LId.
Ill""" Rd.

!Jew ... Mw:lhyn ~!! 455 001
1:ND1A
+-,{91) 7272'75597
Fax, +-,{91) 7272·75596 (fa<I<Io'yl

OOltC"oYl,Y Pteclaloe Gear! Inc.
111 A)gana o,
SI. Peters, MO 63376
()14) 93'1-4J27
I'OJ<'(314) 939-9818
BPgJ/tarllpmdi" ...,,'

Gear Broocb.llIc.
12M 'Wlml<tka A..,.
Broollyn Parl:, MN 55428
(6121 SJJ.{)672
POJ<'(612) 5J3-046)

GearMoli""".IIIC.
--Sec' ;X"" Galt. 00 .... Cic;tr ,. Rowlmg a..
Go:tr Products Company
49j6 S, 1.0,,_ ,."".
ChiC""" IL 60632
m3) 1354846

GeotPmdilClO.ld!:,
11)1 N. 16,1 I. BasI Ave.
Tuba, OK 74)16

(9)8]234-3044
Fax (918) 234-3~SS
ur/uU g''''Pmdut:u.cOlfl
M,'....Tt4.'.,Rl.'arprodllcls.ctmI

Gear R~h. Ioc.
4329 ~.,." A ... South Ea.<.I
Gr>nd Ropirls. MI 49518
(6)6) 241-3411
Fu.: (616)24)-4317
rld@ R~anrl~arch.com

O=Too/llnc.
220] Tillie) W.y
Kelso. WA 9862(-
1)60] 577-9178
F ... : \)60) STI-&I.>42
Btan4",@julfO.com

Gear W<><b. loc.
304 I'addcd Rd.
Springfield, Vi 0;'1156
(S02)88S-5039
Fa>: (8ll2) &85-5)76
P';O\'t'l'l!'IOPUeLnNft
"""'-"'l''('Y1''rjgIIlrJ ..Jl.rll-gM!~'

'[be Gar Worts 1110:.
203 White Parlt Dr _ Suil!: IA
Dallas, CiA 30132
(770) 505·7200
F",,: mOl 5OS-7ill
dtmput4'f:II@'f!Q11hl;:nk.,nt'r

The Gear Worb-- .11l1e, me.
500 S. I'ortIond SL
sar~" WA 98108
(2(16) 162·3333
FiU: (2061762-3104
'sw@rh<gta'worbcam
.. '1ot-'W.tJuxWl'HunU.com

,G~
6MN .....MuVlD"
SaIl1l.n_Plil89M
(llS) 70J-0J90
FlU;' (nS) 70J-0J9.1
It'w."~rLC'Om

c;e.,. &. Gar On.."
.,85. 1<1S~g e, IIldJ.. """"
Syn<lK:ol!: Bank. Rd.
Bongalore. Ka 56()(J)8
India
(91) 1!(J..~281306
FOll' (91) 80-5283584
~(jIvml~""'"
hr'p;llbu.sin~.u.\'mLcomIpnwtrtFUltJrnission.

O'arsnuth Co.
10020 Prospeet, S.il< 2as
S""",,,. co. 92071
(619) S62-0843
F.. : (619) 561-0843

a..:n:T"".lnc.
424S Hamonn 1'I:wy.
WiIloogIIl>y (Ckw;h",d), OH 44(l94..S623
(<<0) 953-3900
,Fu: (440] 953-3906
5I.i/e-r"'~1ttr'"i"c.rom
!ti'WMr.,tf'(,u'fn"il'K'-cQnI

General Gear Coop.
11986 5<:hInOll!OD
W=.M.!4SOll'Y
(8 I0) 779-9393
FI!-': (8) 0) 779·9397

Q:riwdl Gear Co ... I"".
3000 N, Colifumio. 5L
B,obank., co. 9) 504-2004
(818) 842-6700
I'ol<: ( 181842-145
8l!iIrs@!l~rhan:Jlg6Jr.Cdtn
iIIo-ww.gl."riltudtgttrr.n?m

Gclng Ckus of North Ami<ri<:a. Inc.
)84 Gdng Pkwy.
Newton. C 2B6S8
(82&) 428-37)1
F.... : (828) 428·)784
WM""M'.grlmg .•

Gttal i..ak<'!lIndUStl)'. roc.
P.O. BDx 62)9
JadsooI. Ml 49204
(517)784-3) 53
FIX (517)184-3154
!!i8g,.mlai •.<iM.CQm
Mo"tI ...... 'rt(If~~il&d.('f}m

Oro .. Taiwan Gear LId.
1 )S Bending" rod ·CiJde

llIyl"",. SC 2%87
(864)322-1266
F•• (864) 609·5268
grtaltaiwm'g.ear@wol'/dl1t(.{lJt.Mt

Cireens 1I1"'" Engll""ri.ng Wow LIlI.
20 Haamc.lim SI.
p,O. Box 10108
Haifa Ba~ 26110
Isrnel
+-'{97214-8721187
F~x +-Jo{972)4-81262~ 1
Si'J!t;r@ gff!e'~hptJf1.('om
H .... 'M,:8rr~ruJrpon..com

GnflinGear
P.O. Bu. 890
SpartanboJrg. SC 29304
[BOOI423-1506
Fa>.: (lI64) 514-677S
<Q1"@grijfinS··r.CfJff!
Hii'll14'·sriJ/i/18I!u1:.l'r111!

___ H _

H.lIleyMarin. Go....
-See Murine Ge.n Inl~DMl, !nc.

n.lIf.., .RlItlk..& .s.:n.. CulliQ Co. .1..1d.
Amm)'llIge Rd. -
BrlghO<!!le HD/i, IQA
UIIl!ftl Ktngllfim
(+I) 1484-71.4667
F_., (441' 14114-7125.32
in!o@I!, ..-ccL.co,II.A
'WiIfW' ....Iin..ctLtD ..Mi

I'!IIllfu Rod< ..& Sue...
ns &n Haven Dr.
MoY'vrn... KY 41056
(606J 56J.Il771
F• ., (1iII6) SM-11299
.._.M-uLt .....!

jjngCo_

Hanover Go-.u MIg. CQ.
3OOFamcA ve.
HMO ve r, PA 17331
(717) 632-89n
F... : (717) 6.32·2743
g.",..,odoy@aol.mm

HAn",," Machine Corp.
4:102 B Street N.W.
"'"!>urn. WA 98001
(253)854-2995
Fp: (2!l3) 8.54-2174

Helsel Inc.
596 W. Ook S~
P.O. Bo> 6Il
c.mpbcll>burg, IN 47108
(812)155-4501
F",,: (812)155-4293
tM-'h~tltr@"-dstlim::.rom

I Iii,"lir~~1rels.,F,iinc_com

HMC Gear M!!!1v[aelng & Engineering
JUtI!. Do.208A
Prine'loo, IN 47670
(SI2) 38S-3639
FoX: (812) 38S-8186
m/I'.J@hmcgtaJ'3.cotrt
,"/1oI.tM'.hnu:g~aFs.rom

Holland Ge,r Woiks u.c
\39~ Wbi'noy Rd..
Holland. NY 14080
(7'16)457-3895
F",,: (716]45741;18

Holroyd
'11.... bour to. Nnrth
Mllnruw.IRocb<W. OL16 ;Jl.Q
.. nltod KIn dl>!!JJ
(441 [706 5265l1O
F...: {44) 1706 3!lllO
"""IL",hiJehe<l4@ho./royd.tom_ ....I!<>lro"u-

HO)12Goa ... & Spmcw.
2738 S. 29th St.
Milwaukee. WI 53215-361.0
(414) 64S-J89 1
Fall' (4]4) 64S-389I

Hor.;lJurgh &< Soou
SI14 Ham.ilIl"'A~~
O eveland. OH 44114-3985
(216) 431·3900
Fax: (2)61 432·5850
dri"I':f@hnr~blirgh~i{'(}lt,c:"Om
M."HM'_hoT tlurgh-:rron,cum

----IItkooa G'f&I' 1fclm[>f<>U bIc.
stlMGnmm. L

VR/lc"u .. r, 'BC V6M C7
Cauda
(6lM1 618-MJS
Fo: (664) 6111-1437'

Hub City, Inc., 0 Subsuhory nf Reg.I~IkI"'t Corp.
2914 IDd.,!l'tol A'T.
ao, Doo 1089

I Abol'd<en. 51l 57402.) 089
(6051225,c3oo
.F.. : (60S) 22!1-0367
hc(1J<,,""'hwbdf}inc.«>M
wwK:'.hubcit\';nc.clHft

HuITm... Ca'P.
1050 lIulT."..., Way
Clover. SC 291) 0
(SOl) 222-4561
F.,,: (803) 222-7599
""ffrrwII@huJfrrmllco<p.<a1ft

"""'M-:huffffHAltrn'P.;:om

Hyl<k Go", Co.
9820 O"",n'lflIl\>.h "', e., IS
Ch.L,worth. CA 9 I] I)
rR 18) 998-500 I
F... 18181 \!'I8-5001

Indiana Pow er T....,.missi"" Sy,....... Inc.
470 E. Nuttltliold Dr.
Brow nsbwj. IN 46)1.2
(317) 852-4500
Pax: (317] 852-6868
,p.iJi/iut'Sr.Ilf'I

IDdillJUl Tool-Ind.i_ Gcu
61()() lIIIi.rug.,. Rd.
PlYIDOUIh, )N 46563
(219)936-2112
Fa<: (21 Q] 936-7224
d1:MIJir@;lam.ro.com
",IN'H-~;t(lmco.r:om

Ind.strial M""hiDC& SUpply, fnc.
101 C"'1Mr 51.
To.I.lOO<8".AL 351 00
(8(0) SSJ.3342
Fall: 1256) 362-001)

IDduslrial Spmclrets &, Gear.11IC_
).3650 E. R"",crun;o Av e.
Santi Fe Sprini:,S.CA 90670
(i!OO) 984-3277
F"", (S621921_

Im!o•• tl •• lUck Ik Gar C""'p"D)'. Inc.
450 FronUor WI)'
B..... orlll .. n 60106
(6JOI761i-l6,5Z
F.~: (630)7.6li-1245
,,,,,,,ck@aDLc,, ..
WMlw.:!:,",£S1:Q~e:Qm

IDsm 'Corponti.on
41.2 Moln SL
GM"". MA OUS!!
(\178) 448cfiJ68
Fu: (918) 4411-51S5
'bNlct!c@in..,cocorp.com
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C'ommerciall to ,aircraft 'Quality gearing.

Spur. helical, spli ed shafts, internal a xl ),
shaved & Ig~ound Igears. :Sph,a'i bellel gr1indinll.
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rupilJ@rupidgt<l7.com
~w..rapidgHU.C'Om

Rawling Ge... lee.
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Highett. VIctoria 3190
A .. lliO.Lia
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, Fu; /229) 2J.l41 U
bdo.shi@sr"'d_'Iltor,,,,,,,
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Schwanz Preci,,,,,, Gear Co.
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(810J 1S44600
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Se'uC"'JlOl1ltion
212 lndu.truJ In
1'.0. BOX 1198
Tco:ring1..... CT 06790
(8OOJ 26)·20 II
PM' (86()) 496-1949
brimU@St'II'ltY11p,rom
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Scl""",," Sp1in< i'rodocts lee.
7665 19 Mil. Rd
Sterling 1-\,,1&11". Ml48314
(810) 254--1020
fU: (810) 254-7430
sspi@tir.('OIIt

S W-Componelllll 1'1. LId.
9Tu as Drive 2
J"""'8 6lShW Sioppon:
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Shanllli c;...,..
304.A Trichy Rd .• Slng"noJlur
Coiro""""'- Tomil Nodu 641 OOS
India
H{9l) 422-574241
Fu: H{91) 422-574244 &.57U45
.gl"b<U""a .•.."I...... 1II
H.... l4.~shnnjh;g.yJTs.conr

S)'filtc custom rfijCCliilll Moldcrs
7100 Junction Rd.
~vill"". NY 1452:l
(716) 768-2513
Fax: (716) 768-7138

I ;fM.'tilUlriResytll«MOlth.n.CDIIt
M'"IV!t':syrrlKmOlde13.colJ'l___ " _
Ta- Tung Gear Co.
19532 Windrno< Dr.
Rowlund H011l11l8.CA, 91148
(9091595·5502
fo.: (9091 595-5282
tIRI~ItC@L'llIld!!er,(Urti

WWRI.lf8~ar.C1I'I'J'I

TlFCO Gny. & a.1II
2!I9QS Anlh<>lly Dr.
Wi.om. M148393
(248) 624-7900
F.. : (248) 6U-IUIl
saln.ti/n!lt:;,KFRmr.COI1iI

T_ Enzi"..",nl&: Mr..
1501)Ftirliokl Ave,
Lirua, OH 45805
(419) 211-2160
Fu: (419) 221-21611
abr187752Jrj,oo!.cOl1l

TroD'missio" Engmecrina Co. Inc.
1851 N. Penn Rd.
HOlroeld. PA 194<ID
(21 S) 822-6737
Fax.: (2IS) 8.22-5608
prJlJ/~s(jirf'(VW!ngr.cvm
M,'"~'.tm.iUt'-llgr.nJiiPI

Tmgdec Inc.
605 B. WO>hiJ\glOll A ...
Ri""""",, W'f 82j() I
(307) 856-05
p.. :[)()71~
ilifO@1.m,Rtrt(.(dm
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TSllbakimnto Chain CD.
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Japan
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UFEI""..".,...,«I
1850 S. GIeCiey SI.
P.O. 80x 7
Still.w.ter. MN 55082-0007
(651) )51-4100
Fa.<: (6511351-4101
"''Wlf:uf~inr..rom

UhJcOf, lne.
13690 172nd Avo.
Gnmd H"."" n, IIlJ 494·17
(616) 842-%31
F.,,: (616) 1N2-~01 H
J(Jir.s@wricor.rltt
""""'\ol', UJIiror,flt"J

u!lle Chili'. WI 54140
(920) 788·6326
P." (920) 788-61064
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~vz.mKPFt.It"UfJ,.("tHtf
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Weall><lfotd A.LS
moo W. Hwy 80 1S•.iI
CId=.1. TX 7976J1
f9Ijl56J~I6JI
FlU: (9151563-0934
doug.liIbomlxrrd._'"'r/DrrL""",
......... IIIrIrarh,tl'jnrJ.,t'tJIff

West [ndu."'''' Inc .
1700 L!vil\g.lone Rd.
Hudson, WI 540.16-9365
(715)386-5867
,FOJ::(713) 386-6413
.rht'lIyk@n't5'induslr{tJ,com
H.'M"kr! "'l"flJMIoI\!Jrit.r,NMII

W",dsor GcIr &. on ve .lnc.
204 E. l'I.e Creel< Rd.
PO. B"o 100
Emc'1yilk. ON OR 1co
CanodI
(319) 'l'79-94OD
1'.. : (319) 979-9)99
<m.q""n .... -iIt4sD,,"'I7.':tlm
1+Wl+I. windro,.,tar.com

·WlIl1.tltr Gear
735~ W. Wioon A ve,
Chicago, n, 60656
[7081 61-7971

I Fax: (708) 807.7914 .
jM'im:zl~rfil'l!'i,trrHltl'1ft!.Qr.t·Qm
Jil~'."·lrl':t-I.ctXwr.t"'fJm

Wob.l~n C"""",,_rioo
P.O. 80, 20217
708 E. Gnnd Ri"", A...
LarWill. MJ. 48906
(51,71<185-3750
P.>: (517) 485-0501
TN"",'rki@IIY>hIm.c'""
M."WM,'.M.'Uhltn.com

Xtek, Inc.
I J 145J RcmlinS Rd

Cincillllll.i. OH 45141
(5/3) 733-71N2
Fox: (513) 733-78.20
Itd.JnI,'fo"'@"Ek.ctJIII
WWH':.f,d_['(!:fJI

XICl "'-,nina Servi<loo
17111W. Bro.d ... ty 51.
Tempe. KZ. M282
(480) 968-6141
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Zem-Mu.lnc.
13200 Si.!h Ave, Nonn
Minn<'p<lh .. MN 5544 I
(612) 546-4300
Fax: (~121 546-8260
k....IIJIII~",.-=.""'"
H<-1I!'tK.u'm-ma.&.nJIPI

SIrin H..", Prec",oo '" i'll<I!UQy
_ 32-68 :DanS SUll-Dong 4K.
'(OUnB Dung Po-Ku
Seoul 150-044
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,hi.lurnp@ktJIIJ .ne ,
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SPM
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(612} 416-2004
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Stahl .Goo.!: & M..,hlne Co.
3901 HllnillO!l Ave,
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(508) 580-0035
F"", (508]Sgo.oo-71
.sldgt!ar@{Jj'Jr.C'Dm

M"W.. t.~ar:ront

UniDDGeu &< Sprod;d Corp.
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Quincy. MA 02269
(800) 533-3)2/
Fa>: (6I7H79-921I
.wnl·ong~Dr@t.mls.COt1I

LJniql!e Power Pmd"':L<, !In<:.
1'.0. Bo~ 439
7501 Mill ... Dr.
Froderick. CO 80530
(303)684-0629
FaJ.: (303) 634-05711
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141H1\11t'.po'H'rrprotiuct.s"uqm.cam
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,,'1&)' G...,..& "-bellin. Inc.
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B.d An. )II 48413
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Von Ruden MF., Inc.
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Buffalo. MN 5Slll
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Sluling lnstrll.m.nl
urn JericlIo 'i".pk ..
N... Hyd. Par,," N-VUII40
(516) 3ll1-JJOO
Far. (SI') 32M11127
Ml"W'W ...... s.r.tc:t:M

Siotir; D1w. Pmd1K$
__ Stoli"B '",mil''''''''t

Stock c;...,.. Inc.
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ATA 'G'earsltd. has gained wo.rldwide
Q,pprova' ,as Q man.ufacturer ,of high quality
spira' f1eve' gears - with ~he he'p o(professlona'
experience over 60' yeolCSand mod'em technology~

Ou: main product is spiral bevel gears up to 25,0,0
mm ( I GO in) diameter. Our experience in handling
highly classi(ted materials, our universal gear cutting
systems as well as our own heat treatment spotlight
as a gear producer for demanding customers such as
the off-shore and mining, as well as the machine tool-
and heavy vehicle Industry. ATAs gear ffnishingmethods,
lapping, hard cuttmg and grinding, enable accuracy
classes up to DIN Q=4 (AGMA Q=14).

ATA Gearll, Inc.
19885 Del!\olt RCNldI
Rocky IRlver~ 0111044,116,
TeleIFax: 440-35&0289 CIRCII.E 1113

In addition to spiral bevel gears ATA also
manufactures custom coilored complete gear units for
demanding applications. The ATA product
development work is remarkably represented by
propeller-turbine operated small electric power plants.
HTurn~keyH,service-free hydroelectric power plants
produce, with falls of 2-20 meters, power capodty of
20-2500 kW Hydro turbines demonst:rate In a
magnificent way the scope of applicatJon for ATAs
product development

ATAGEARS LTD
Mailing address: PO. Box 120. FIN-33101 Tarnpere, FINLAND

Tel +JS8 3 1870, II I I, Fax +JS8 3 2870 249
e-mail: postmaster@ata-gers.fi·internet:_.aCl·II~:arS.f1



Gears make
the world
go around

sur YOU DONTHAVE TO GO AROUND THE WORLD TO FIND THE
COMPANIES THAT MAKE THE MACHINES THAT MAKE THE GEARS.
-. JUST COME 'FO THE GEAR GENERATION PAVILION AT IMTS 2000.
Here they are, the world's top companies in this highly specialized field. Come ee fascinat-
ing demonstrations of gear bobbers, shapers, cutters,' haver .broachtng, grinding and measur-
ing. This is the only ttme until 2002 that you can see them all side by side in one place in
America. And you'll meet and talk to the wizards who create these marvelous machines.

Gear up for a lesson in p,roductlv.ity!

There are 10 pavilions in ,aU, ,., and lots more ,info,at imts-net.opXm
AbrasIVe

MaohInin!ll
5aw1ngf
F· 'shiIIlI ng,

Controls 1\
CAD-CAM

Gear
Generatioo and Laser

Syslerl1$

Machine
COmponenW

Cieanltlfj
EnVironmental

Metal formmg _ Qualtly
& Fabrica1ing Assurance

Metal
Cutting

.1~MCrt!w;
~ - Chicago, September ,6~13~2000

1lllntelrnati!onlal Man1u'facturiilngl Technlolo,glY Show
790.11Westpark Drive, McLean, VA 22102-4206 USA • Phone: 703-893·2900 or 800-322'-4687 Fax: 703-893,·1151

-

DISfOVER THE NE.w} Tech data.,.statistic~, industry and marketin.9 news, tim. elY} • -
IMTSNET.O'RG· f,eature~and articles, complete IMTS and ~otel info. IT Sll~

2417 virtual show rooms. Always somethmg new. HIT •••

,C.IRCLE118



___________ --IPRODUCTNEWS _

Wel'come to ,our Product Newsi page'. Helre wei "eature new Iproducts 01 intel'lBst lolbe 'g:ea, and gear Iproducts markel .
lio get more information Ion thesel items. please cirdu'lhe Reader Service INumber shown.

New UltraTrue Plane1ary Gearheadl
Thomson Micron, L C h expanded

its line of !.!ltrn-preci ion planetaJy gear-
heads with the UltraTru Size 220
Planetary Gearl:tead, which offers a
torque capacity of over 4.000 ft-Ibs.-t:he
highe. t torque capacity in its _ize. The
output h using and the helical internal
gear are machined from a Ingle piece of
teel for higb trengtht and torsional rigid-

iry. Helical crowned plWlet gears make
for the moothesi, whi per-quiet opera-
tion available in a planetary gearhead,

Thi new gearhead feature a maxi-
mum backlash of 4 arc-minutes. ratios
from 4:1 through, 100:1, and a 75 mm
output shaft for maximum torsional tiff-
ne . It, i ideal For application uch as
coil winding. pipe bending. packaging.
machine tools, overhead gantry systems,
and injection molding machines. For
more information, contact Thomson
Micron. l (5W6) 883-80001 or ]og onto
www.lhomsonindustries.com.

Circle·

Fu'lJl3Dlr,ansmission A_na!lvsis-l'ed'
Design System

Romax Technology announces the
immedia.te availability of Romai.Designer
R1.8. This latest release of Romax
De igner ,extendslhe modeling tools to
provide a complete. powertrain capability
from gearbox input to axle driveshafis,
including non-parallel shaft arrangements.
Based a powertul, object-oriented "ana-
lyze as you design." approach. users can
now design. gearboxes andaxle sy terns
Iltat in.corporate perpendicular shaft
arrangements,

RomaxDe igner's highly productive
environment means that as the user lays
out tile design using components. the
analysis model is automatically assem-
bled behind the scenes. The II er define
!he component connectivity from which
analy is boundary conditions are
derived. Consequently. tatic, dynami
and life analysis of shafts, bearings and

gears is available as soon as the desi n is
defined. Analysis of forces and deflection .
iprovided bya byperstal.ic non-linear- olu-
tion algorithm that e mpletes Ires and life
analy is of complex systems subject to real-
i tic life eye! loading i.n B. few minutes.

For more inforrnation, contact Romax
Technology Ltd. at (+44) 1636-6]-4000.

Circle 30]
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http://www.lhomsonindustries.com.


• PRODUCTNIEWS _

New 'Cylindrical Grinder from
Mitsubishi

The new R230 cylindrical grinder
from Mit ubishi combines an innovative
PC-based control with manual hand-
whee] operation for machining short '
runs of different workpieces. Thi
allows machinists with little eNC expe-
rience to be introduced to computerized
controls, and makes the R230 a low-cos!
alternative to full CNC grinding.

No NC knowledge is required to

operate the R230. Its easy-to-use PC-
based control features an innovative
teaching/playback function. This
replaces the complex programming and
tedious debugging necessary for eNC
operations. By selecting the teaching
mode. the R230 memorize the hand-
wheel movements made by the operator
when creating the grinding sequence for
the first workpiece in a lot. The sequence

THE PURDY
CORPORATION

ISO 9002 (ERnF/ED

586 Hilliard Street. eo. Box 1898, Manchester; CT 06045· t898 U.S.A.
Telephone: 860 649-0000' Fax: 860 645-6293

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

o 19ge THE PURDY CORPORATION
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is completely documented by the R230'
control and can be reviewed by the opera-
tor in order to make any edits. The grinding
program is stored in the control's memory
and can. be acces ed at any time. To grind
the remaining workpieees in a lot,lhe play-
back mode is selected and the R230 auto-
matically repeats lhegrinding sequence
exactly as it was manually run the first
time. There's no need for further hand-
wheel operation. The PC-based control
stores up to 30 grindiag applications and
allows 1.0 grinding tep per application.

For more information on the R230, COIl-

tact M_"-1 Machine Tool U.S.A. at (630)
8604222 or log onto 'wwlI!.mJJi-mml.com.

Clrcle 302

New He.avyDuty Synthetic Coolant
Rustlick PowerChip 2000, manufac-

tured by ITW Fluid Products Group, is a
new biostable, heavy-duty synthetic
coolant. for machining, grinding and saw-
ing. PowerChip 2000 provides excellent
lubricity. rust protection and I.oW foam-
ing. Its superior way-lube rejection leads
to cleaner coolant and longer sump life.
In addition. PowerChip 2000 has e cep-
tional biostability, providing long-term
sump life with proper maintenance.

PoweIChlp 2000 is a transparent. blue
solution that allows easy viewing of the
workpiece. Its lion-chlorinated KP:additivc
provides extended tool life. Safe for most
me!ais, except magnesium. it works welJ
with titanium. Inconeland stainless teel,
PowerChip 21000i .also suitable for hard-to-
machine aluminum and other alloys. It can
be used in hard water applicaliollS and comes
in 5-gallom pails and 55-gallon drums. For
more information. contact the ITW Fluid
Products Group at (800) 452-5823.

Circle 303

Tell Us WIm You Think ...
If vou found this column of interest 8n1i/or
useful. please circl ...

Hvou did not care for this column, circle _

If VOU would like to respond to this or any
other article in this edition of Gear Techn·
ology. please fax your response to the
attention of Charles Cooper. senior editor, at

. 847-437-6618 or send e-mail messages to

. peopJe@geartechnoJogy.com.

mailto:sales@purdytr:ansmissions.com
mailto:peopJe@geartechnoJogy.com.


For fast response to your specific needs, e~mail:
Idplol.Jrde@~lasermachining.com or lkctvalelasermachlninc.com

V lAs(R MAtHINING.INC.
--:t~ Prov;dln,g Laser Solutions (or Industry

TRUE DIMENSION ,GEAR IN:SP'E:'CT,ION

Provid actual o r
ball/pin mea urn» nr
of an- helical or pur

ar or plin without
the need of co tty
erring rna ter .

I Provide vital .P.
information.

CAPA:CITV:
9" O.D.
8"'ID-, I ~ . ,1.,

Gage IDivision

d 001
-

,85,1OHIO PIKE '. ,CINCINN'ATI, OHI'O 45245, • (513) 752-6000 • FAX. (513) 752·5599
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THE NEW MEGA.
Profile-generating gear grinder
from HOFLER. There is no
easier, safer and more produc-
tive way to grind large gears.
HOFLER offers 401 years of
experience in the manufacture
of gear grinders for gears from
1 to 1801lnchea.

Foil"more information contact
HOFLER! Germany
Fax: OH(49) 72431599··]65
HOFLER CORPJ USA
Fax: 908·9966·922

CIRCLE READER SERVICE 1169

Presrite's new, eight-page color
brochure discu se the compa-
ny's forging capabilities, equip-
mentand forging plants. The lit-
erature also highlights Presrite's
Bessemer division, a near-net
gear manufaclUnngfacility, and
identities industries served and
customer benefits.
Presrite Corporation
3665; East 781b Street
Cleveland, on 441 ():5-2(l48,
Phone: (216)441-5990
Fax: (216) 44]·2644
E-Mail: info@presrite.com
Web Site: www.presrite.com

CiRCLE READERI SERVICE 1172
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INDUCTION AXTURES
The LR-PAK data sheet de-
scribes induction lift rotate fix-
tares usefu I for heal treating
parts such as transmission O.D.
races, LD. cams, hubs, spindles,
CV, joints and gears. LR·PAKs
are completely assembled and
interconnected.

Ajax Ma.gnethe.nnic Corp.
) 745 Overland! Avenue
WalTell, OH 44482
800-547 -1527
Fax: 330·.372·8608

CIRCLE IREADER SERV,ICEII1162:

mUEASONI PFAUTER
HURTIHI CUTTING TO OILS:

CORPORATIONI
A full color brochure hewing
the product capabilities of our
Loves Park, Illinois facility ..We
manufacture high-speed steel
and carbide hob , shaper cut-
lers, form curlers, C8N wheels
and Ihin.film coatings. Heal-
treat, resharpening and recoat-
ing services are available.
Gleason pr:autclI"Harth
Cutting Toob,orporation
Telephone 815-877-8900
E·mail: saies@gphcl.com
CIRCLE READER SERVICE 1161

WORLD'S SUPPERIIEST
SOLID LUBRICANT
IPREVENTS WEA_R

HI·T·LUBE~ dry-film lubri-
cant solves wear, galling and
fretting problems for gear,
bearings and other metal parts.
even at high and low operating
temperatures. Works under
nigh compression loads. in a
vacuum and in high radiation
environments.
General Magnaplate Corp.
(800) 852.3301
IIttp:IIMlMlMI.mag.naplaJe.com

CIRCI.!E READER :SEFWIOE .1,64

METRIC GEARS,
NEW 456-pa,ge catalog features
technical specs for over 3400'
standardized metric gear cornpo-
nents: spur, helical and internal
gears, straight and helical racks,
straight and spiral bevel gears,
wonn and worm gears, and more
in module 0.5-1.0.
'Qilalit)' Transmissi.o.n
Components
2WI. Jericho Tpk, Box 5416
New Hyde Park, NY 11042
PHONE: 516-437-6700
FAX: 800-737-7436
WEB: http://www.qtcgear.s.com
CIRCLE IREADERSERVlCE.173

AUSTEMIPERIN,G
IMPROVES MATERIAL.

TOUGiHiNE.SS
Our 8-page brochure i an infor-
mation-packed guide to the
Austempering proce s, a high
performance heal ueacnen: for
ducti Ie iron, gray iron, and steel
for improved roughness, wear
resistance, and fatigue strength.
Learn how to' boo Iproduct per-
formance, and reduce costs.
Call AppUe:d Process" Ine.,
734-464-2030 OF v· it
IIttp:/lwww.appliedpflOOeSS.OOlll

CIRCLE READER S'ERVICEjl1163

HOLROYD MACH,IINES
Holroyd is the world leader in
the production ofthe most com-
prehen ive range of machine to
produce profiles on screw corn-
pressor rotors for every applica-
tion, en uring production of
first class qaality components at
competitive prices.

Phone: (44),1706-S26S90
Fax: (44) 1706·353350
Email: illfo@}UJlroyd.com
Web site: lmp:l/www.ho~
royd.,com

CIRCLE READER' SERVICEt170
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LITERATUIRE MART

IGI.EASDN PFAUTER
HURTHIIINTRODUC!ES

THE lOP SERIES:
a new line of gear hobbers,
shapers and grinders thai share
a "common platform' and use
standard modules to greatly
simplifylhe traditional p1'OCe s·
es of machine de ign, assembly
and maintenance. They're
designed to' take advantage of
the lale l tool techno! gie
available-wet or dry. Call us at
(815) 877-8900 to request 'this
brochure.

CIRCLE READER SERVI.CE 1166

INDUSTRIAL O:EAR
MMUFACTU.RlNGi

Literature available from The
Cincinnati Gear Company pro-
vides information covering its
facilities and capabilities in indus-
trial gear Dl3lllIfacturing,. includ-
ing bobbing and cutting, grinding,
turning, bOOng" milIin and in.<;pee-
tion. The brochure includes pro-.
duction facility photos, product
specificaIirns. md ~ inf(X'-
malioo. Dam is also ofi'ered cover-
ingtl'le company's testing capabili-
ties and engineering services.

CIRCLEREAIEFlSEFMCE '193

ME1iROLOGY SYSTEMS
M&M metrology systerru. are
designed for universal applica-
tion and ease of operation-mak-
ing them Ideal for !Ii wide :rang
of in pection and process con-
trol tasks. This brechure
de cribe bow they employ
gen_raUvc' motion via llnear
inCUpolatiODI for lead and invo-
lute measurement, M&M oft-
ware can be used on remote 'or
networked PC's for SPC study
or data entry. For a free copy,
call 937-859-8273 or fax 937-
851}44S2.

CIRClE IREADER SERVICE .1171

STA_R!PRECISION HOBS
Star Cutter o. mnnufhctures
engineered HHS and carbide
hobs from Class AAA through
Class D We also apply, in our
own facilities, lIN, Ti(C,N).
(Tj,AL)N and other thin film
coatings. We also olfer resha:I:p-
ening, recoating and depending
on location, pick-up and delivery,
Star Cutter Co.
P.O. Box 376
Farmington, MI 48332-0376
Phone: 248/474-8200
Fax: 2481474-9518
I<nVM.:stalt"!llrt '-Com

CIRCLE READERI SERVICE 1174

.EIIOLJI
Precision Technologies
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.CLASSIFIEDS
SOFTVV1\RE ,

• Generated Gears
• Tools and Tool. Paths
• Non-Generated Gears
• Involute Splines, Racks
• Inspection Calculations
• Animated Meshing
• Form Calculations
• .DXP File Output

A.Ge.a~Shop.,for
~ Wlndows™

Because you asked for it!

,800..437,·2368
CIReLE192

BROACHING

PRODUlCTlliO!N BROACHINiGi
• Ven:ical, Horizontal, Surface,

Pot and Chain IBroaching Machines
• Surface and Internal Broaching:
·4:5 Production Machines
• SPC Inspection Documentation
• Comp'lex Parts to light Tolerances
• ISO 90111Certified

Think of us as: an ,extension ,of your pro-
duction department when your wor,k-
load is heavy, or as a cost-efficient
source f,or your outside broaching
needs at anytime.

r:;;;;::1!®

OHIO DROACH & MACHINE COMPANY
(440) 946-U)411 - F,ax; '14401946-0125

www.ohiollroBch.com
CIRCLE 200

HEIJ) WANTED
i WE'RE HIRING

Gellr Machine Repairman -
Experienced troubleshooter for mechanical
and hydraulic repairs. Knowledge of 'electrical
systems desirable. No travel. Friendly work
environment at our convenient northwest sub-
urban Chicago location. Profit sharing" health
insurance.

C.dill..: Mllchinery Ca. Inc:.1411 lM!!I A__

Elk Graw. IL 8KJOl
...... illlilillMil E_it ""'..rikMIiI~.CtJIIII

Fu rollr rallllMlo' 147-431161l

70 GEAR TECHNOLOGY

-- -- -

SERVICE__ I
MAAG PARTS AN!D SERVICE

Original M_AAG Pans for all:
; Grindingl Machines
- Shaping Machines ISHI'
-Inspecnon Machines

Swiss Trained Service Engine'ers: I

Repairs to :Complete A:ebuilds II
- Calibration
• Certification
• Evaluations

Becker IGearMei,sters, Inc.
(800) 423-2531- (63,11)821-3967
,",,' .. Fax: f631 II 82.1-3870
~1 Chicago, IIIlinois

HOB, SHARPENING
SERVICE

Star Cutter Co. 1

-----------

.fftJi8~®7/T~ 'CU11B mW~NY.&./ ! ISD-9001 CERTIAED

CIRCLE 197

• HOB, SHARPENIING

• SHAVING CUTTER GRINDING
• TiN, liCN. & TlALN
COAnNG SERVICES

• CUSTOM HEAT TREAT SERVICE

PIICK UP ANI) DELIVERV IN MANY AREAS

Gleason Pl'AUTER M.URTM
CliTTING TO'O'LS COR:IPO'IRATlON

1351 Windsor Road., IP.O.Box 2950
Loves Par]; IL 611132-295D

Phone (815)871·8900
Fax (815)877-0264

• THIN FlUM COATINGS
West Branch Industries

Subsidiary of Star Cutter Co'.
2083 W. M·55, West Branch,. M148661

1-888-Resl1arp -1-888-737-4277
Pinone: (SUj34s"ZllliS - FAX: (SH) 345-!iIi6D

e.1ReliE 157

CIRCLE 152

'GIEAR TOOTIHI
GR~IINID~IIN!GSiER.VIC,ES,
Spur - Helical- D'ouble' .Helica.1

Capacity up to 60.5' D.O.• II D.P., 291"
Stroke. All ground gears certified up to
AGMA Class 14+ on Zeiss-Hefler 1602
CMM. Inventory of grinders includes
Hofler BOO.Hofler 1000, Hofler 1253
Supra, Hofler 1500 and Hofler Nova
eNG 1000 (Fully eNG with on-board
CMM checker],

K..reiter IGeartech
2530 Garrow St,IHouston, IX 77003
Phone: 713-237-9793 Fax~713-237-1209

I

co. ntact: Mr. Wi.lliB. W.h.itl:.in.gton
Visit our WebsJt.e,at
www.kreiter-geartech.com

CIRCLE 204

Toot:h by Tooth Induction
H Birdeniing S pee i:aIIIists
Spur;.helical and bevel ge'ars
tlur gear harilening BQuipment
includes 5 NATCO submerged
process machines and 5 AJAX
eNe-controlled gear scanning
machines .. Tooth by tooth 'g,ear
hardeninqfrcm .5DP-l0DP, up to
15 tons. Ask about our break-
down service.

.American Meta IITreating ICompany
IClevela:n:ilI, Dhi'o'
(2161 Ul4C92

Fill: (216) t31:·1!i01

CIRCLE 1151

GEA'R TOOT:HGRINiDiNG !I

I

Spur '. Helical
'. Herr;ingbonB' (with groDv.ell

Capacity up to 16l'b.DI"
1 D.P•• 16" face

AGMA Cenitication ilnspaction
Delivery to Meet YOUI :Requirements

Midwest Gear ICOrp.
2182 IE.AJirora Rd:

Twinsburg, OHI 44081
Phone 33O~42S-44191
Fllx~_

IDirectYDUf inquiries tOI
Ron Hum,phrey;.IGenerlll Manager

ronh@mwgear.com

CIRCLE 154

http://www.ohiollroBch.com
http://www.kreiter-geartech.com
mailto:ronh@mwgear.com


---

SERVICE
------

HIOB SHAR:PENINGi
(163) 425-5247'

HSS & Carbide up to !5" Dia.
Straight Galsh,

Sharpened ,& Inspected
IPer AGMA STANDARDS

,Quic' Tumal'Ound'

KOROl SHARPENING SER,V1CE
9530- 85TH AVENUE NO.

MAPLE GROVE, MN 55369
CIRCII.E 153

-

GROIUND 'G'EARS
• Precision Ground Spur; Helical and

Pump Gears to AGMA Class 15
• The lalest grinding IechnoIogy includlng:

.' Relshauer RZ300E
Bedronic Gear Grinders

I Gleason TAG 400 eNG High
Production Gear Grinder

I, Cincinnati Milacron CNG
CyiilldricaJ Grinder.1Continuous Process Improvement

UtiliZing SPC and Quality Planning
.1 JIT Oeliwry uSlllQ Innovative

Stocking programs

800-447-2392
F111:716-874-9003
www.nlagaragear:com
emal]:lnfo@nlagaragear.com

CIRCLE 155,

GEAR TOOTH
IGRINDIIN'G SERV'ICES

.' Cost effective gear tooth grindingl
specialists

.' Bur manufacturers areour only
customers,

.' Prototypel and production quantities

.' Capacity to 21.S- P.O.• 3.5 D. P.
• 'Able to match delivery to your

requirements
• ' ,All service to AG!MA standards with

Certified Gear Inspection Equipment

23 Dick Road, Depew, NY 14043
Toll Free: :871·684·3810" Fax: 116·684-7711'

I E-mail: progeaJinc@aai.com

CIRCLE 156

VISIT The Gear Industry Home P:age™to find:

• GEAR MACHINE TOOLS
• INSPE'CTION EOUIPMENT

• CUTIING TOOLS
• WORKHOLDING

• CUSTOM BEAR MFG. SERVICES

www..gea ..rtech.n.%gy..com

Pra,prietary 2. Inval'ute sl.lines,
.'Ign, '. helical spJnes,
,engineering Q. nd .. ..p..... sp'line.s,
manufacturing.· threads. '

Production
'ipline rollingl
SUll~rted
by 5PC.

Ifrou/re going by the numbers, Colonial Tool Group has
all the reasons you need fo have us be your spline rollingl
service supplier. We're a leading designer and
m~nufactur~r of high quc.lity pr~ision ~~Iine ro'liing racks,
wlth, extensive prototype capabIlity. And if you need
pre-production or production spline rollingl services ...
we do that fool
Call, write, FAX or E-mail tiS off our Web Site.

COLONIAL TOOL G,ROIUP' INIC.
- - - -- ---- ----

1691 Walker Road, Windsor, Onlario, Canada N8W 3!P1
519-253-2461 • fAX 519-253-59rJ1 .www.colonialtool.com
In the U.S.A ..5505 Concord Ave'., Detroit, MI- 313-965-8680

CIRCLE 21191
MAY'JUNE 2000 n

http://www.nlagaragear:com
mailto:progeaJinc@aai.com
http://www..gea
http://.www.colonialtool.com


_-------------ADIDENDUM-------------
STEAM ENGINE

J. A~Broekhui:sen

Gear Technology's ibimonthly aberration - gear trivia, humor, weirdness and oddments for the edification and
amusement of our readers. Contributions are welcome.

hen the steam engine became

available for industrial! use at

the end of the eighteenth
century, it wa , mainly used

for driving plunger-pump, such as those

used in English coal! mines. The steam
engine's piston drove a lever, the recipro-

caring motionof which drove the pump
plunger. Called the "Beam Machine,"

thi mechanism needed a lot of space,

had many parts. and was difficult to
ill tall because the engine and the pump
bad tobe properly aligned,

As applications for the steam engine
increased, the demand for mechanisms to
translate reciprocating motion into rotary
motion also increased. The problem was
first solved by Pickard in r78!l with his

invention, the crank-gear. Ilnitially, his

invention was used with the Beam
Machine, but latera machine with a
cross-head was developed.

"'alI'~,steam enginr: with an'r:picydictnmsmis-
sio».
12 OE"R TECHI!IOLOO""

Pic card patented his crank-gear in
1780. Because of this, other steam

engine manufacturers could not use the
device to convert reciprocating motion
into rotary motion. Another solution was
needed and would soon be provided.

Epicyclic Gear TransmissiollS
James Watt, of the finn Boulton and

Watt, solved tlris problem ill 1781 by
using the then theoretical principle of
epicyclic gearing. In Watt's invention,

the central un gear is mounted on the

output shaft and engaged with 11 planet
gear attached to a guide ring ..This device

was later replaced by II rod, The planet
gear is fixed to a connecting rod and thus
cannot rotate around its own axis. When
the end of the connecting-rod, which at
firs I, was connected to one of the ends of
the beam, moves up-and-down, the plan-

et gear will circle around the sun gear
and, because it does not rotate itself. will.
give' the sun gear a rotating movement

Watt also produced a mechanism

with an Internal sun gear. with which

another ratio could be achieved and
developed a way to connect the connect-
ing rod to a steam engine's cross-head, A

steam engine built by Watt's compan,y is

on display in the London Science

Museum in Great Britain.
HypoeycloidaE Gear TransmissioD
These developments were followed

in ]802 by Mathew Murray' invention

of a hypocycJoidal gear transmi sion.
Th principle canbe explained a fol-
low: When a circle rolls on the inside of
a larger, stationary circle, a point on the
smaller circle wi11 describe a hypocy-
cloid, When the diameter of the smaller
circle i 1/3 of !hat of the larger circle, a
regular pattern of three hypocydoids
will be pre ent, By choosing a diameter

of the smaller circle that is halfthe diam-

eter of the larger circle. the hypocycloid
is transformed into a straight line going
thmugh the center of the larger circle.

By substituting the circles for gears

with a ratlo of l :2, a bypocycloidal gear
transmission i. created. When the pis-
ton-rod of a steam engine is cennected

with a point on the pitch circle of the
planet gear, a mechanism is created with

which the reeiproeatiag motion of the
piston is direcrly translated into a rota-

tion of the center of the planet gear. fer
which no. cross-head is necessary.

Examples of this type of machine can be
found in 'Ibe Birmingham Science

Museum and in the Henry Ford Museum
in the United States.

Conclusion
Wben the patent on the crank-gear

expired, the pl!anetary solutions were

soon replaced by crank-gears. which are
common in many applications today,
However. for some applications, the
planetary gear transmissions described

above are till used. 0

J. A. Broekhuisen
is 0 geor consultant living i'l Rotterdam; Tile
Netherlands.

rei. Us WIllI YM1'IiIIIt ...
If you found thiS article of interest andlor
useful, please circle _

If you did not care for this article, circle •.

If you would like to respond to this or any
other article in this edition of G'II' Techn-
o/OIlY, please fax your response to the
attention of Charles Cooper, senior editor, It
847-431.. ,8 or send e-mal messages to
peopleOg'lIrtechnology.com.






