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Inthe past, you knew us as Pfauter-Maag Cutting
Tools. But with the addition of Gleason" bevel
gear cutters and Hurth" shaving cutters, we're

now able to meet. .any and all of your gear cutting
needs in ways not even Pfauter-Maag Cutting Tools
could have achieved alone.

In recent months for example, new tough, heal
resistant HSS and carbide materials, combined with.
advanced new POWER' LUBE COATINGS"'.
have resulted in POWER CUTTiNG'". This new
Gleason Pfauter Hurth technology gives
manufacturers the ability to produce both
cylindrical and bevel gears at speeds many times

B"vel or cylin,drical'... fD.ughingDf finishing., .. wei or dry... HSS Df carbide ... the
possibilities'are' now as' b'road and ,diverse' as our fa'st..gro'wing pro',duct line.



Just imagine
what we can do ,tD,gethel"".

Gl,eason P'F',IlUTER HURTH
that of conventional HSS tools. Even better, gears
can be cut without the use of coolant, completely
eliminating the disposal costs and safety and health
issues associated with wet operations.

It's just one example of how our tooling ..experience,
and resources will help meet your gear making
challenges going into the next millennium,

CUTTING, TOO"LSCORPO'IRATIIIOIN

Formerly Pfauter-Maag Cutting Tools

1351 Windsor Road
Loves P.ark, IL61111 USA
Web Site: http://WIWJ.pmcl.com

Phone:B15·877 ·8900
Fax: 81S.877-0264

E-Mail: Sales@pmct.com
CIRCLE 1115
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U
A mechanicallE UGEworkholding
sollutiio,n will immedi'afely Iboost
your part quality and productiivity.

:;Clamp on a symmet,ricalor i~regu·
liar surface-pitch diameter ,cl'amp~

ingl is our absolute specialty.

IBut let's get preelse
II ~''''Aocu~aie,''to''~Hhi'n''20'm'ii'iio'nih''''''

of an inch

~ ~~~~~"~~.~:~~~~~!~!~, , , .
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~.,.,.!~~T~.~~~~:!'!Y.!:.~~~~~~~~~.g.~~bil.!~,
~..,..~~~y...~~..!~.~~~!.~..~.~.~..~~!.~.~~~.~,
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I

~et"sdiscuss an EMU precisionl
workholdingsolution for you todayl
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I'd like 'to~ "IIIII"ith you,a vlslon. 0:£ "t'he~ • It lakes place in cyberspace. and irs coming soon
to a computer near you. Whether you like it <mot, nnd v.~etheryou~ ready ornot.mt: Internet is changing the way business is conducted.

My vision is filled not only with online jnfonnation, but also wil/l online transactions. By now we've all heard the success stories of
cybersales pioneers such as Artultcm.cClm and Dell Computent:' who hav capitalized on the Internet's ability to reach the masses. Today.
however, (his quick and easy v.a\ 10 reach the con-umers of mainstream p oducts such as books, CDl>and \ s is fast becoming the way
to reach industrial buyers a' well.

The question is whether manufacturers of industrial goods. such ~ars, can follow the Amaz7m..cum m el an set up online purchas-
ing systems through their Web <ites. For some, the answer is stifl probabl n. But there are a number of ~!Ucktn!! di tributors and manu-
facrurers of catalog gears .\1\ ho have already added e-commerce to their .}ales repertoires. A case in point i~the eb :.oil!: of W. W. Grainger,
lnc.. the well-known catalog supplier of industrial goods including gears, The site ar wWH'.graingel:ColII offers online purchasing of any item
found in the company's catalog.

However, a system that's simple and elegant for buying CDs or even rock gears breaks dow n when you're sellin custom gem or other
more substantial products. The kind of customer looking for these products wi" alway' nee(J,i;Imore personal relationship wilh hi suppli·
cr. He'll want to see what he':" buying and meet the people he's buying from.

Many !.l you are this type of customer, especially when it-come, time to buy rna' or items [ike machine tools. Face-to-face contact s what
makes trade shows like IMTS and the upcoming, ear Expojl9 n'important: YQu cart gel important pervonal contact w IIh many ~uJ'lpliers
in one place. YQU can see the machines in action and judge one against the other.

Much of this personal side of the business will become easier to conduct electronically as compis s become more powerful and our
acces- ((I the Internet becomes faster. Instead of just reading about.a new machine, we'll be a&le to see videos of it in operation. We' II be
able h) walk around a virtual vcr.,iojl of the machine, p s the button, and make it go. Maybe we'll even be able to cut virtual gears onl e.
Perhaps a real salesperson will be able to lead a whoje team of u_ on a virt al tour of the machine and his co pany's manufa 'ngfacil-
ity. \\'e'll "fnhahl:-- b b£e to see his face, and he'll see ours, We'll ask questions and he'll answer them in real time. We'll both save a lot
of lime and mon

1\1) \'ision includes all of this and much more. Most of thebe ideal>are already possible. Some will become practIcal ve~on. Once
upon a time, e en the fax machine seemed like an expensive to). -'-01.'. hardly a business Slln i\~~ withoutit, The arne will boW true (or
moen of dii~emerging Internet tecfmology. O~ course, some uf tnese ideas v.illprobably go the V..lY of the lelex machine .ma C);JM! only
long enough to be replaced by something better.

E-mail and the Web have become the~'something better" of tooay. By oow, most of you hav personal or business e-mail accounts.
You've surfed the Web, and you've become familiar", i.th the Internet. But the best of today'v loo[, continue to evolve, and the pace of
change. both in hardware and software, is 1: sier than ever. U!aming how yoof"Company can-best use the Internet is an inc ntal prdeas.
Continually building on your knowledge and fami! arizing yourself with the latest t chnologies w i inexpensive Lime well s 'nt when
you consider the pos-ible long-term implications of II competitor who's using his Web site to showcase his products and sell tire! online
without ever leaving his office. You don't want to be' communicating v. ith stone \>IIblehand chi,..:!> when your competition is ill onfer-
encing and leading virtual tours.

Most companies use their Web sites today as electronic \ er-, ions of their ptll1ted mate rials . Having this informal! available 24 a day
from anywhere in the world certainly has its adV8ntage~, but this is only the beginning. In my vision, compan) Well sites look less like online
brochures and more like stan: [mnts and showrooms, a place to do business. At your Web site, you'll develop relationshrp- beit remotely.
with far-flung customers, and you'Il do more and more of your company's business.

We're investing convid-rable effort into this year's Show Central, our 3D version of AGMA's
at www.geanechnoLogy.colII b} May l.'You'lI have 10 download a small piece of software to fully
explore Show CentraL. but we're confident that when you visit. you'll see how powerful-an electronic
showroom-or better yet, a whole shopping mall fuji of them -could be (Qr buyers of machine tools.
Experiencing Show Central as potential buyers will also give you vome ide14~about how ,You might
be able to implement these technologies fo youI'" customers on geanechnology.com, powertrans-
mission.com or your own Web site.

Show Centrol is not yet quire as advanced as my vision of the future; butour first step io that direc-
tion should show you enough that you and your company will be convinced to take the next step with us.

J!:f
Michael Gol



We offer "Jore ... _
Hydraulic Expansion Arbors

T.h~1advantallg~s are ObIV.ioU51:
• < .00012" TIR

• Maintenance free totally enclosed system ensures
trouble free operation .

• Workpiece clamping for:
-Grinding-Sharpening -Turning
-Milling -Inspection -Balancing
-Pixturirrq

• Standard hardness: 52-54 HRC.

• Multiple workpiece clamping.

Typical Appl.ications --------------

Tooth ...Pratite Grinding

Turning

Gear Hobbing

Now ManufactUired in Germany and the USA!



REVOLUTiIIONS _

Vecto,r Gears
Welcome to IRevolutions. the col-
umn thaI brings y;ou the .Is.test,
most up-to-.dale' Bnd eBsy-to-re8d
information .8boUI the people
Bn.d techn,%gy of the gesT
i.ndustty. Re·volulions welcomes
yoursubmiss;oRS. Please .send
them to Gear Technology, P.O.
Box 1426, .f/k Grove IViliage, I.t
60009, .fax (847) 437-6618 or ,-mail
people@geanechnology.com. If
you~dlike more inionD8tion about
Bny of the snicles that appear,
plesse· circle the appropriate num-
ber on the Re,der Service Card.

World's Sl~ipperliestSolid
The Guinness Book of World Records

lis Is a patented dry-fil.m lubricant from
General Magllaplate Corp. as the materi-
al with the lowest coefficient of friction
(static and dynamic) of any solid.

Hl-T-LUBE was invented in the 19505
for use in fighter aircratt, The lubricant
was further developed for NASA in the
1960s to be applied to the mating surfaces
of critical moving parts in space vehicles.
Parts treated with ID- T-LUBE can operate
in extreme temperatures (-360"F to
+WOO"F). vacuum a:nd high radiation

I j environments, maintainjng a coefficient of
friction of 0,03 while withstanding com-
pression load in exees of l50,000 psi.

ID-T-LUBE i made up of five layer
of metals and alloys that are electrode-
posited and pennanenLly bonded to the
substrate metal. It.can be applied to steel.
stainles steel, copper, copper alloys Q[

aluminum. Typical applications include
gears, rollers, bearings, pistons engines
and other movingparts.

The 1998 edition of The IGuinne s Book
feature an interview with HJ-T-LUBE
inventor Dr. Charles P: Covino, who.
describes how somelimes luck is better
than design. "l put five materials together
and composited them into a lubricant. And
it worked the first time." Covino said.

Clrde251
Above: A pair of VtctoJ' gelll'S.
Courlesy oj Flowd!JJ4 Corpora/ion.

Cireie 154

I

Gelll'S ami sprockets are protected· .against ·wea.r,!flicking. and· gaUing by Glllltral Magngplllte 1Hi·T-
Lube!l synllrg-vtic .ooaling.
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_-------------.IIIRiEVOLUTIONS -- -- -

- -----------

Unifo:rm MaigneUc He,8lting I piece. Induction heating systems place i :1

A new patented heat treatjng proce s the workpiece inside a heating coil,
that produces a rapid and uniform Eddy currents are generated on the sur-
through-heating of metal components of face of the component, creating a heat-
varying hapes and mas may replace I ing pattern on the outside that radiates
induction hea~ing.or furnace processing I or conducts inward toward the core. Coil
for some applications. i Uniform magnetic heating use two ---

Hath uniform magnetic heating and ! coil that are permanently fixed around
induction heating use c-oil to et up a i the ends of a C-shaped laminated core.
linking 0'1 magnetic field, in the work-! Because flux energy pa es between

•••
and it's Imade in AMERICA!

ANtI Systems Co. announces that lit ls now a
manufacturing source of spiral gear roughing
and finishing cutters and bodies.

We also can manufacture new spiral
cutter bodies in diameters of 5" through 12"
at present.

ANtI can also supply roughlngl and finishing
cutters, hardware and replaoement parts for
most 5"-12" diameter bodies.

Whether it's service' or manufacturing, con-
sider us as an alternative source 'lor replace-
ment parts. and hardware as well as bodies
and cuners.
You'll be in for a pleasant surprise.

!NEW! Straight Bevel Cutters., R.oyal Oak, Michigan 48067
Tel: (248) 544-3652 • Fax: (248) 544-3922

II I I
CIRCLEt1t

10 GEAR TE[;HNOlOGV

Bow IIn~fo,.m magnetic ,healing works. Counny
oj Mitsubishi lnlemaJ:ionol COlJWraJion..

the ends of me core in a linear fashion.
the energy is evenly di tributed
throughout. the entire part. The re ult
is a through-heating that doesn't rely
on thermal conductivity to transmit
heat from the surface to the center of
the part.

Another benefit of uniform magnetic
healing is that the same coils can run a
wide variety of parts. The system's PLC
can be programmed for a predetermined
frequency level or voltage gain to auto-
matically achieve the optimum power
output and beating rate regard Ie s of
part size, shape or material.

Uniform magnetic heating ispasent-
ed by the U.K.-based CoreFlux Systems
Iruemational, Lrd., and is distributed
worldwide by Mitsubi hi International
Corporation.

The CoreFlux proce ha been used
succe sfuJly in lower temperature range
applications uell a the preheating of
transmission gears for laser welding;
tempering transmission coupling and
drive shafts; shrink-fitting rotors, gear
and bearings; and stress relieving or
wheel hubs, gears and castings.
Company officials expect ~o receive
similar benefits in bigh-temperature
applications such as through hardening
of gears and bearing ,

Clrele 252



_ •• _ REVOtU'TIONS, __

I !ew lechnlo:lo,gIY ~,elps Find
Allo'ys of t.file,Futulre

The Marshall. Space Flight Center in

Huntsville, Alabama has a containerless

processing facility that will help materials

researchers determine how atoms are
arranged in molten mixture • which could
Jead to the discovery of new, stronger and

lighter alloys and metallic-electronic crys-
tals with, never-before-seen properties,

Called the Electrostatic Levitator or

ESL (pictured above), the new machine
was donated to Marshall's Microgmvity
Research Program by Space Systems
Lorai of Palo Alto, California. The ESL

uses tatic electricity to levitate metal sam-
ples, which are then melted with a laser.

This allows measurements of various ther-

mal and physical propertie including 1I1f-

face tension, viscosity, heat capacity,

undercooling nucleation-how far below

freezing a molten sample wi.U stay liq-
uid-and solidification rates without the
metal touching the 'test container. Such
contact could alter the test results, contam-
inate the alloy mixture, or damage the test
container itself.

"The levitator provides important ther-

mophysical property measurements," said
Dr, Jan Rogers of Marshall's Space

Sciences Laboratory, "By using hands-off
measurements, we get an unhindered look

at the effects different proces ing tempera-
ture have on experimental amples. The
internal structure of material -l:ike met-

als, alloys, oxides and semioonductors-
are greatly influenced by heating and cool-
ing rates, The levitator is helping us learn
what structures and! what unique material

capabilities mayresul:t from manipulating

variou' metal-alloy sample ."
Cin:le 253

rei. Us WUt: You nink ...
If yc>ufound these Revolutions of interest
and/or useful, please circle 200.

Proven reliability and unsurpassed accuracy are why we've remained
a Ileader in the Igear tool business for over so years .

.,/ Extel1lsive 'Stock- All Bore Sizes
,/ F,RU CATALOG,
,/ DiametIOI & Modulle IPitches
,/ SOLID' ,CARBIDE: HOaS
,/ Express Delivery
,/ TRU-VOlUTE(!I (l'os5 AM
,/ Latest (Doting Technology
./ Quick 'Quotes

1llUSSELl,

I OlBROOK
EIDERSOI, IIC.

Pho,ne: 201-6110-42'20
Fax: 201-670-4266

2 North Street, w~

CUpper' Dli:amondloo,1 Co.
47-16 A!uslell Place
Long Island City, New York 11W1
Phone: ,(718) 392-3671 I Fax: (718) 392-4124
E-Mail: clipdiatol@aol.com

Polyc!rystallHne IDiaimOnd
Drlessing Discs
Precision Products
Manufactured in the U.S.A,

• Sharp Included
Angles (200 Min), .

• 1 Sharp Radii
(01.1m/m - .004" Miin).

1.1 Can be relapped
multiple times.

1.1 Better surface finish than
Natural Diamond.I. We also offer Dressing
Discs in Natural Diamond. I

CIRCI.'E 133
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f'.xtreInely flexible and flISj to
control 9fnc:IIJ1J process,
~ stock removal raes,

No rEk ci burning due to the
cold at . tv1"V"_

Invohle praiIe acauracy
indqlendent upon filKiLliJons
oftl1 mochine tenpe ,_ ....

l1igh precision work
tool "few accwate Iea::I
modifications.
~ JXBtioned lead
rnocIificaions verthe entre
tocih in the ooubleflank
grindirYJ mode.
Precise involt.te profiles
in CIt'ai with modified lead
in the double flank
~mode.
Generaed endreuef
rmciIioib1s fer silMtly
~ hgh speed gears.

for more
inform tion
call or write:

CIRCLE 112

HOIa' _ nenbau GmbH
1nd1lSlrlcsh. 19'
I).76275 EWiDgenJrr ..-........ -
Tel. +49i243599-0
fax +4972113599]65



_------------TECHNICALFOCUSII. _
A New Approach to

Heat Treating Parts Washing

1m ew innovations in the
management of heat

_ treating .paJ~s wash-
_ ers are yielding pow·
erfulcunexpeeted 'benefits.
Simple. cost effective shop
noor practices are being
combined in new ways to
deliver big quality improve-
ments and significant help to
the bottom line. Employing
these steps ,eady in 'the
process can dramatically cut
wastehauling expenses and
greatly reduce environmental
liabilities while continuously
producing cleaner pan .

Typical heat treatment
includes heating to some
austenitizing temperature.
then quenching in an oil bath
to, harden the steel, After
quenching. the parts are
washed and tempered to
reduce residual stresses. The
management of the parts
washing step-after quench-

Rick Terrien

ing and before tempering-is
the subject of this article.

How Paets Washing
Impacts Manufa.cturiDg
Poorly managed parts

washing operations can
affect manufacturing in
many ways. Qualijy is per-
haps the single biggest issue
facing manufacturers using
heat treating. Tim Hoefft, a
heat treating engineer with
Caterpillar, describes the
problem: "Caterpillar contin-
uuusly strives to increase
quality throughout its opera-
tions. An ongoingevaluation
showed that parts washing
fluid used in heat treating
operations could introduce
quality problems when not
managed property. Parts
washers covered with oil can
cause poor quality washes
and 'create other manufaclur-
ing problems downstream ..
Clean parts are particularly

fig. 1 - '~eat-.AII Melll'!s dllpl'oyedla grav.ity separata.r a'lIontbu, parts
was'her conveyor line. !lily ,swface solution Is pumped up,from tha, WIsh
tank by direet suction skJmminll. Oil and gr,ila~a removed in tbe separator
(cemer. top). 'Clean..,oil-fr,ee w!lsb lo'lution Iii ,continuously recycledl back
to, the wash tank.

degreasing. However. envi-
ronmental and afety con-
cerns about olvenl have
recently led to a change to
aqueou cleaners.

Eady formulation of
aqueous cleaners were
aggressive. high pH surfac-
[ants designed to emulsify as
much oil as possible. Oil that
would normally rise to the
surface was changed into an
oil/water hybrid thai was
held in solutlen, This slowed
the accumulation of oll on
the surface of the wa her. but
it hid the problem in an ever
dirtier bath. Wben the capaci-
ty of the bath. to hold emul i-
fied oil wa u ed up, the
bath lost its effecuvene s.
Spent baths must be hauled

important in our gear manu-
facturing operations."

Parts washers heavily
contaminated with oil. con-
tribute to quality problems.
]n poorly managed washers.
clean parts are often sprayed
with oily wash solution or
pulled through a layer of sur-
face oil and grit prior to tem-
pering. Gears and other parts
that are improperly cleaned
carry oil out of the parts
washer. These oils become
baked-on contaminants dur-
ing the tempering step.
Removing baked-on oil
restdues typically requires
shot blasting or other labor
intensive reworking steps.

Oil dragged from the
parts washers into the draw
furnaces also raises signifi-
cant environmental issues.
Oil heated inside the fur-
nacesereates a smoky envi-
ronment for the workers in
tile p.lant as wen as poten-
tially prohibited levels of
hydrocarbon emissions out
of me stacks.

Oily parts washers also Rick Terri'en
create significant long-term
maintenance problems for
furnace operators. Oil. burn-
ing inside a tempering fur-
nace degrades the fire brick
lining. This leads to more fre-
quent relining, an expeasive
step that keeps the furnace off
line and unproductive.

In years past. quench oil
was removed by solvent

is a managing partner with
Universal SeparaJ()rs, UC of
Madison. WI. Univer ol
Separators builds the
SmartSkimTIIlU/!l' of suctkm
skimmers aruigMllfry separa.
torsforheot .,rearing parts
washers. Rick has managed
parts washers for over 20
years and has de is/led and
built separation systems since
1975. Universal Separators
cal! be reached a!
www.srnartskim.eom,

MARCH/APR!L I g"g 13



_------------ITECHNICALfOCUS------------

WaslllTlnk

Fig. 2 - The SmBr1Skirn™I direct suction skim bead (patent. pendingl
nlmoves 'floating oilllnd olber 'contaminants Irom the wasil tank. A trans-
fer pum,p sends-the sldmmad so:lution tal al gravity separator, 'Where oil
and glita.rDrarnOVB d. .

the problem. Most employ
tooL borrowed from unrelat-
ed areas of fluid treatment.
The e typical treatments also
rely on old assumptions
about cleaners. resulting in
all oily wastewater stream
that is expensive and labor
intensive to eliminate.

Typical methodscurrent-
ly in use include:

• Dr,Bg.Out Systems.
These include oil belts, discs,
drums and mops and have
been the most common
method in recent years. These
devices have a component
that rotates in and out of the

Fig. 3 - The all Ita:inless steel
SmartSkim™ skim head (patent
pending) from IUnivllrlldl :Sepllra-
tors.
away by licensed special
waste haulers due to their
high pH and high FOG (fals.
oil and grease ) count. The
cost for these hauling ser-
vices vary by region of the
country. However, all add
significant cost to the man-
ufacturing proces . Frequent
hauling cycle. also result in
the need for expensive
replacement cleaners.

Current Treatment
Method

Typical treatment meth-
ods for keeping pans wash-
ers clean have failed to take
a comprehensive approach to
14, (lEA" TECHNO-LOGY

To Gr,ayily Se,paralor

parts washer. Many use an
oil-attracting (oleophilic)
material to attract oils from
the surface. A these compo-
nents rotate out of the washer,
materials clinging tothem are
scraped off into a waste col-
lection barrel. These devices
typically drag out a waste
stream that is about 50% oil
and 5,0% wash solution,
which is expensive to haul
away and requires the contin-
uous replacement of new
wash solution and cleaners.

.•. Cealescers. These
devices come in a widevari-
ety of configurations, but
most employ tightly packed

beds of coalescing media.
Oily wash water is pumped
through the media, causing
oil molecules to coalesce and
grow larger. making them
easier to remove. Coalescers
were designed to work in
pure oil-water elutions.
Heat treating parts washers
often contain a much wider
variety of contaminants, such
as grit. scale and soils. When
operators attempt to pump
these solid through the tight
passageways of a coale cer,
the coalescing media blinds
over and becomes block:ed.
In heat treating applications.
coslescers must be frequent-
ly taken off line and cleaned.

• Off·Line Gravity
Separation. Thi method
require operators 10 pump
out. 'their washers into holding
tanks for further separation
over time.. The large holding
tanks take up otherwise pro-
ductive floor space and fre-
quent labor input i required
to manage the e fluid tran -
fers. Emulsified oil is still
held in suspension by emulsi-
fying cleaners as there is flO

mechani m for readily sepa-
rating the layers of oil from
the aqueous cleaner, Because
of this, an oily waste stream
is stillproduced,

• Barrier Filtration. Bag
and cartridge iil.ter have
been tested to olve the prob-
lem of oil and olids in the
wash solution. These typical-
ly Mind over quickly, and the
cost of consumables be-
comes prohibitive.

• Membrane Fllrers.
Membrane fllters are devices
that filler fluids dOWIliID a very
light micron mting (typically I
micron and under). In wash-
water applications, they are
designed to remove emulsified
oil. from the Cleaners. Mem-
brane tillers quickly blind over

with contaminants, particular-
ly free oil On the shop floor.
membrane filters can become
expensive maintenance head-
aches. Membrane filters also
damag,e most cleaners by

fillering out valuable cleaner
component such as rust
inhibitors and defoamers,
Membrane filters cam be
avoided, however, with a sim-
ple change from emllls:iiying
cleaners to oil-splittingcleaners.

Em.erging Best Practices
1'01' Heat Treating Parts

Washers
At Treat-AU Metals. a

commercial heat treating
facility in Milwaukee, WI, a
large batch washerequipped
with a drag-out separation
ystem w not able to keep

lip with !.he large volume of
oiL It required frequent haul-
ing afoily wastewater and
replacement of the wash
bath. according to mainte-
nance director Ron Barnhart.

Treat-AU tried several
new methods before settling
on a combination of oil-split-
ting cleaners. direct surface
skimming of the oily wash
solution from the wash tank,
and separation of the oil
from the wash using an in-
lime. open-channel gravity
separator (Fig. 1).

The emergence of oil-split-
ling cleaners has been a great
addition to the tooibox of heat
treating managers. Oil split-
ter emulsify very little oil.
Oil in these cleaners rapidly
separate and rise to the sur-
face. where they can be easily
removed via direct surface
uction (Figs. 2-3) ..Newer

versions of 'Oil. splitting clean-
er are moving toward pH
neutral formulations, which
contribute to improvements :in
worker safety.

Gravity separators exploit
the difference in specific
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gravity between the oil and
the wash solution. Oil sepa-
rates from a fluid ata rate
determined by Stokes Law.
This formula predicts how
fast an objecI wiD ri e or fall
through a heavier fluid based
onthe density and ize of the
object and 'the distance it
mu t travel. Open-channel
gravity separators exploit
both vari abies of Stokes
Law. O~Imust rise onl.ya
very short distance before it
is captured on the bottom
side of clesely spaced
incl ined plates inside the
separator (Fig. 4).

Once separated from the
flow. captured oil. with very
low water content can be
removed from the gravity
separator. This oil. which
contains less than 5% water,
is referred to as "dry" oil.

While oily wastewater pro-
duced by other arrangements
must be hauled away at the
producer's expense, dry oil
can rypically be sold for a
profit. Gravity separators dis-
charge dry oil to a collection
barrel without any movi.ng
parts. The clean wash water
is returned to the wash tank.

Gravity separators also
remove solids from heat
treating parts washers.
Difficult to remove, light-
weight solids can easily con-
taminate the wash bath.
causing significant quality
problems. Those solids are
typically made up of small
particles of scale, grit, and
stop-off paint, as well as a.
variety of other contami-
nant . Solid can be prayed
back onto the pari: from dirty
wa h solutions. Parts call

SIDEYIEW
IDlscharge

Cleaned wash solution backto parts washer

fig. 48- Side view sbowiDg now 'of oily washer fluids· through a gravity
sparator. Oily solution is continuously pumped fmm the 'washer surface
:BCrOSS Iml!'ltipfe separation p'lates. Oil and :.DHds slIplIlilte from '!he flow
!by 'gravity while, daaned wash solutton is. returned to, Ihe washer.

- r

I
1

--~L
Solids

- '-

ENDV1EW

Fig. 4b - End view. Inclinedl plales inside a ,gravity·s8,lIar,ator capture
an-d Iremon ,a/land solids sJlm!itaJlllo!lsly. Open clulDnel separation path-
w~ys iuure DD cloggIng. Because there are Ino moving Iparts. &epBrator
management is ,greiUy :slmplified.

• OL,.... G.ear Hobbers,
Shapers, Grinders and
Inspection Machines

• RellMUlufaclureFetrofll/Rbu Id
of Your Barber-Colman Machines

• PamlServlce/Repalr of Your
l8arber-Colman, Bourn & Koch Machinery

2500 Klshwal.lk.ee 51.
ROCk/a<d, IL 611[14
Pho~ (115) Kl5-4013
Fa" (815) 905-0011
E.Jn!!1Iboumkoch.~. !l.net
Web Slle wwwbou!f!.k.od1.cam
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Flssler
Focusingon
Direct Honing!

Fassler K-300 & K-400
Gear Honing Machines

Fassler ICorpoll:B1iion
1311W. La,yton Avenue
:Suite308
Milwaukee. WI5J207
Phon.e: '1414)1 76s.00n
FalX:141'411 769"86101
E-M'ai'l;fass'ler@axacpc.com

Fast, economical hard
gear finishing process
that increases gear life
while reducing or elimi-
nating gear noise.
• Internal or external gears
- Spur. helical. or cluster

gears
With Direct Honing

you can hob, heat treat,
and hone your gears,to
market requirements.

With Universal
Honing it is possible to
finish a family of gears
havin9 th e sa me tooth
characteristics with vary-
ing numbers of teeth.

With Combi-Honing
you can rough and finish
on the same machine
with honing stones
mounted in tandem,

MACHINE 'FEATURES:
• 5 and 6 CNC cnrnrolladaxes
• Synchronous drives an the K·400
• eNG control of lead crowningl and taper
.' S hart setup times

1

I

1

CH_~RA.CTERIS:nCS OF HONED IGEARS:
• Increased wear resistance'
• High surfa ell fin ish
• Favorable machining marks for noise reduction
'. Low surface roughness 'guarantees ,8 permanent oil film

Fassler
Fassler AG
IRin.gstrasse 20
'CH·86OQ IDubend'arf
Switzerlandl

Phone: 0111-411'.821.3745
Fax: D111~11-820·3906
Web:wwwJaessler-ag'.ch

Fassler makes good gears better'
----
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also be recontaminated when i
they are dragged through grit j The combination in place
held in the oil-at the surface of I at Treat-AU Met.ab and
these washers, j Caterpillar offers significant

Removing these types of ! benefits:
solids has been difficult and, !,
expensive. Coale cer have i

e
been tried but their fllters are '
quickly blinded over by grit. i~-:o::'~U:m=;!

used, bul these require ex.pen- i
~
1
;
~
J

Gravity separators do not l;
require any consumablesand j
are not blinded over by solids. j

Treat-All Metals found that l requirements
they don't notice any loss o,f I AU of this combines into
separation efficiency until their j a rapid payback, as oppo ed
gra.vity separators become half ! to many other systems cur-
filled up (50% ofllle separator I renUy in use. CaterpiUar's
volume) with solids, which l review of payback issues bas

!
typical!ly takes months, i indicated that their system

Treat-AU is not the only ! will pay for itself in "well
company which has tried this ! under one year," says Haem.
combination of cleaners and I However, the switch to
equipment. Tim Hoefft of i oil-spUtting cleaners, suction
Caterpillar faced problems ; skimming and gravity sepa-
similar to Treat-AU's wifh his j
company's old drag-out. sys- !

3
tem, "A review of existing 'oil ! oil-splieting cleaners are not:
removal methods howed the ! good at removing already
need for an upgrade," Hoeffr ! baked-on contaminants ..
says. "Belt. and drum skim- !,l Also, gravity separators :must
mers were not able to remove be sized appropriately for the
the continuous input of oil ! job to be most effective.
from the w hers." ! Small units can be over-

:tf~fl~~~I ff:ti~;7:{~fs~:
all oil was removed from the tions, this new combination

can yield powerful, unex-

• Cleaner parts
•. Extended bath life
• Cuts in waste hauling

costs
• Decreased cleaner

COSIS

• Profit. from a fanner
sive replacement con umables
to stay on line.

waste stream
• Worker safety and

environmental
improvements

• Decreased maintenance

rators can require adjust-
ments. POI' example, most

surface of the washer on a
continuous basis," Hoefft
says. Following successful
testing, Caterpillar deployed
several of '!the systems ..

''Due Lo,ibe system's effi-

pee ted benefits to heat treat
paris washing operations. 0

Til III WIIIII,.1IIiIII: ...
dent lise of gravity separation, If you found this article of

! interest and/or useful.
r please circle ...

, If you'd like more informa-
:.:,. i tion about ..,.

....... l1C. pie clrcle_i ,I~ ~

very little maintenance i
required," Hoefft says. "In
fact, beyond the initial setup,
our rule has been to <leave
them alone. '"
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Marnh ]6-18. 4th World Con:gNS on
Gearing and Power Transmission.
CNIT Pans La Defense. France. Learn
about the current trends in design. materi-
al, heat treatment, manufacturing and
application of mechanical 'Iran mis ion.
Nearly 200 presentation on cylindrical
gears, worm gears, bevel gears, plastic
gears, sintered gears, bearings, cilains,
belts and oth r power transmission com-
ponents and y terns. Contact Mary e
Deleris, eongres director at MCI, 19 Rue
d' Atltene, 75009' Paris, france or
unitram@iw.ay.fr ..

April 11-15. Metalfonn '99'. Rosemont
Convention Center, Rosemont. IL. Discover
!he latest innovative concepts and applica-
tions in the metalforming indllSlry. There I
will be over 500' exhibits atthi year' show. I
the I"'_mest number ever at a Metalform

-e! !
, how. Sponsored by the Precision;

- ., ~
MetalfomUng Association. Call (800) PMA- l
SHOW (800-762-7469) or visit the Web ite :

. ,rr.· tat Wo\"w.meru!,Ionnmg.com. I
April 13-15. 'Gleason Prauter Hurth i
Advanc d Gear .PI'OC - D namie ..
Loves Park, IL. Th,is is a three-day, high-I.
intensi.ly clinic on modem metal removal
and measuring techniques fDr spur and I
helical gears .• t i tructured for manufae- I
luring and proce management withan !

ill-depth look at modem methods, appli- 1

cations and hardware in gear manufactlU-1
ing and measlUingproce_se" . h includes l
demonstrations of modern gear cutting ;

and measuring techniques at the Gleason
Pfauter Hunh Cutting Tools fa ilil)' in
Love Park, Illinois, Tile cour e [),.sumes
all participants have .8 basic understand-
ing of gear geometry, nomenclature, and
arne experience in gear manufacllIring

and quality as urance. AI .0 runs October
5-7. For more information call (815)
282-3000 or visit www.p!auter:com.

April. •.9-24. Hannover Messe ..
Hannover. Gennany. The Hanno er Fair
contains the world' large l concentration
ofelecmcal and mechanical power 'trans-
mission. fluid poweruansmission and
internal combu tion engines. The show
boast over 7500 exhibitors from 70
countries, with 1.280 ill the power trans-

mission sector alone. Contact Harmover
Fairs USA at (609) 987'-0092 or log onto
www.hjUsa.com for more information.

indu trial robot • automatic C nlml and
measuring systems, automatic srarage sys-
tems. :factory automation sy terns. lito-

malic pmgramll1.l.Qg y terns, FA peripher-
al equipment and other relared items.
Spon ored by th Korea Machirre Tool
ManufalUrers' Association. Oill +(82) 2-
565-2721 or e-mail komma@/comma.org
for more information.

Aprill 20-22. Rapid Prolotypm,g and
Manufacturing '99. Ro emont COII-

vemi on enter. Rosemont, IL. The
largest event in the world focusing on
rapid pr totypingand advanced product
development technologies. Sponsored by
the Society of Manufacturing Engineers.
Call SME at (3 [3) 271-1500 or visit
www.sme.orglrpa for more infonnation.

April lS-M'ay 2. Korea International
Robot and. Automation S)'item Show
'99 (KIRAS 99). Seoul Yaida Exhibition
Center, Seoul, Korea, KIRAS 99
exhibitors will include the makers of

May 5-12. EMO ~ 99. Pari -Nord
Vill.epinle Exhibition Center, Pari.
France. Europe's answer 10 fMTS. !hi
year' EMO promise (0 be the biggest
yet. There wilJ be some 1,600 exhibitors
from flv continents highlighting l!he 'besl
in, today's and tomorrow's teehn logy. F r
more information comact Maison de [a

m6caniqu at +(33) 1-47-J 7-6 -68, by fax
at +(33) 1-47-17-67-12. or vi ill!h EMO
Web site at www.emo-paris.com.

Octob r 24-27. 'Gear - xpo 99.
Nashville Convention Cemer, ashville,
TN. Span ored by the American Gear
Manufacturers A ociation, this is the
gear industry' premiere trade show,
boasting 5.3.000 square feet of space for
over I.00 exhibitors represenung all
facets of the gear industry. For more
information contact AGMA at 1(703) 684-
02H. by fax at (703) 684-0242 r by e-
mail at gearexpo agnw.org.

Ten Us WIIIt You Dink ...
H you foulld this article of Int&rest and/or
useful. please circle 2M.
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Fatigue Aspects of
Case Hardened Gears

Gi, P: ,CavaUaro & C. :Subramanian

The efficient and reliable transmission of me-
chanical' power continues, a always, to be a centra!
area of concern and study in mechanical engineer-
i.ng. The transmission of power involves the inter-
action of forces which aretransmitted by specially
developed components. The e components must, in
turn, withstand the complex and powerful stresses
developed by the forces involved. Gear teeth trans-
mjtloads through a complex process of positive
sliding, rolling and negative sliding of the contact-
ing surface . This contact is responsible for both
the development of bending tres esat the mot of
the gear teeth and the contact stresses at the con-
tactiag flanks.

Gear Fatigue
to analyzing the stresses developed io the gear

tooth, liti u efuJ to begin with a brief description of
the dynamics of tooth coni act. Figure 1 depicts the
cycle of contact and the contact pach of the teeth of a
spur gear, The path of contact begins on the tip (the
addendum) of the driven gear tooth, goes through the
pitch point. and finishes on the tip of the driving gear
tooth. The gear teeth are in contact along line C1-CS'

At all poiats along this line, wilhlbe exception of the
pitc'h point. the velocities of the contacting surfaces
are different Because of this, sliding will. OCCUT (Ref.
I). At ,the pitch point the velocities of the contacting
surface are equal and there 1S pure rolling. 111.e
angular velocity of the driving gear tooth is then
transferred to the driven gear by a complex process
of positive and negative sliding and rolling. The

ApprOBchl Recession

IF(g.~-M.shillg ,eyelllof gear teetll,
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bending stresses at the root of the gear tooth and the
con.tact stre ses on the COlll'ac!ing flianks are there-
fore generated by the loading conditions of the con-

tacting surfaces. These stresses are re ponsible for
the dual nature of gear fatigue failures (Refs, 2, 3),

The bending stresses occurring at the root of the
gear tooth arise due to. the transfer of torque from
one gear to another, The bending stresse , being
cycltic in nature, cam lead to fatigue crack initiation at
the root of 'the tooth. This region act as a stress con-
centrater and the fatigue cracks which develop here
are classical fatigue fractures (Ref. 4),

The contact stresses ansing in, and on, Ihe con-
tacting surfaces of the gear teeth ar a consequence
of the forces exerted by one surface on the other
(Ref. 5), The e forces create pressure distributio.ns
that are dlirecdy responsible for the development of
shear stresses below thesnrface (Ref. 6). The magni-
tude and location of these stressc are dependent on
the geometry of the gear tooth flank and the dynam-
ic conditions under which the gear is operating (pres-
sure distribution, involute radii, sliding velocities
and coefficient of friction), The failures caused by
these hear tresse-s ace the typical pilting and
spaUing types.

The overall design of the gear must take into
account these stress systems and minimize ,tlieif'
effect on the integrity of the gear. While the material
of the body of the gem- tooth must display enhanced
flexural ductility to counteract the bending stresses
developed there (Ref. 7), the flanks .of the gear tooth
requjre a hard, wear-resisram surface with enhanced
strength to some depth below the surface to resist the
orthogonal hear stresses developed in that location,

Tooth Root Stresses. In 1892, Lewi (R'ef. 8)
made the fITS! documented attempt to calculate the
stresses developed in the root of a gear tooth. His
approach was based on the analysis of a notched
beam in bending mode, approximatingjhe gear tooth
shape by a parabola This basic approach is still
accepted as 'fundamentally correct, with the excep-
tion of the effects of what are now known as stress
concentrators, investigated by Dolan and Broghamer
(Ref. 9). There are a number of ways of calculating
the stresses developed in the root of a gear tooth,
from the two dimensional analysis adopted by Aida
and Terauchi (Ref. 10) to th more sophisticated



finite element models which were first introduced by
Andrews (R'ef. 11).

The bending fatigue of gears is principally gov-

erned by the geometry of the gear tooth. the loading
conditions and the material propertie at the root of

the tooth, The authors show. to some extent. the

importance of the geometry. but do not consider any
of the factors which .influence th material proper-

tie . The e metallurgical [actors depend 01'1 the mate-
rial composition and heat 'tr,eatmenls adopted, as well

as 'their ubsequent transformation products and/or
re idu I tre s distributions.

Contact Sire ses. From the literature (Ref. I.) it
can be seen that contact tre e developed during

the contact of gear teellt can be approximated by
rollers contacting under a known force. the liding

velocities of which reflect the dynamics of gear con-
tact. From Figure 2 it can be een that the roller with
a fixed sliding velocity will approximate !he contact

of gear teeth at certain points along the contact path.
Figure 3 displays the semi-elliptical pressure distrib-

ution generated on the surface efcontacting rollers.
The problem of contact tee ,particularly the

problem posed by contacting rollers. have been di -
ell sed by variou authors. The pioneering work of
Smith and Liu (Ref. 5). and more recently the work

on the ela tic hakedown of contacting surface by
Johnson (Ref. 6) and the finite element modeling of

such contacts, by Hahn and associate (Refs. 12-14)
deserve particular mearion, However. the stres 'state
which exists on the contacting surface layers can be
significantly influenced by asperily interaction and

can include tensile and compre ive alternating

cycles and shear.
Two ,different types of plastic zones are produced

by rolling and sliding contact. a hownin Figure 4.
The first layer :is due to rna ro-contact width. usual-
ly between ]-10 mm. The sec mi. which is much
!>'Ilallower, is due to micro asperitie contact. Thi

depthh is of the order of O.5j.l~~O,j.lm and i
obviously related lO surface roughness, Therefore.

depending on the friction developed between the

contacting sliding urfaces, and the nature and
strength of the material of th roller. failure will
either initiate at the surface or: lib urfaee or, in som
conditions, in both.

Metallu~ica1lPerspeeti es Relating to
Fatigue 1P,l!rformance in 'Carburized Cears
While metallurgical factors such as oxidation,

decarburization. supercarbarization, carbide forma-
tion. grain boundary segregation, type and density

all inclu ions pri': ent, microcracks and residual
tre aU significrunly affect the fatigue perfor-

mance of cmrburized gears. derailed treatment of
the e effects is well out ide the cope of this di -
cussion, However orne of the e aspects. such a

fig. ,2-Cont.ct of iDvoM., spur our tilth.

Ifill. !-r,mSJI dis1riblltilHl in CDlI1IcUnll'nlUel'l. termiDalo J _do d in IHemiu tbIory.

m:.idatioll and carbide formation. will be di cussed
in relation to the case studies presented, The role of
retainedaustenlte will al 0 be discussed in view of
11 highly controver Ialnature.

RetmnedAustenil't. The mechanisms responsible
f;or the retention o:fau tenite on quenching have been

reported in detail. in the available literature Utef .
15-18). It i clear that of all 'the alloying element

which influence the retention of austenite on cool-
mg. carbon has the greatest effect, Quenching tem-
perature and cooling rates have all been reported to
affect the level of austenite retained (Refs. 15. 16).

The effect of the retain d au tenite on the fatigue
re istance of ca.rburized eomponems has al o been
exten ively dealt wirh in theliieranrre. Nevenhele ~,
some controversy still remains. [n the past, the pres-
ence of retained austenite :has been regarded as detri-
mental to the extent of adepting cryogenic treat-

ment I!O reduce the amount present.
A more detailed picture h' emerged from the

inve ligations carried out by various authors. nOlabl,y
the work of Krauss (Ref. 19. 20) and Zaccone (Refs.

G. P. CavBllar,Q _nd
C. Subr:amanian
UI? professors and rt!ftQJ'CMFS

!oclI.ving 011 ,cast hamtnlng and
furiBu/' in carburized gtul':!. al
Iht tan Wa,.k InstiruIt! oJ 1M
University oj South AIIltroUa.
Th~' art' also lite GUllion of
"Bf'TWilISFUlig'll' and Ccmtacl
FutillUt Ch{lrarl~ri lies of

Qrburiz~d Gear.<," K'ltich ""OJ,

published in f~ p(OCudings of
tht! S cond Australian
It!lt'mQlialwl COli/turner Oil

Surfuct' Engineering, Adelajd~.
A'twrufiu. 1994.

IFil11 presented 81 the,
IGe r Bnd Shaft Technology
:S mi _Ill' a,gBo"'led ~y tha
Iinstituteluf'ateria'ls

21-23). These autho have : howa mal there i a IEng inaerin ,AuiStIB!uil.
W"'RC~I"'''Rll lin 19



possible relationship between fatigueperformance
and retained austenite, which can account for some
of the continuing controver y and explain some of
the high fatigue limits being publi hed, The tran for-
mation of austenite to martensite at the tip of an
advancing crack has been reported in the literature

(Ref. 24) to bebeneficial 10 the fatigue resistance of
the carburized eomponeru due to the associated vol-
ume expansion of the tran forming austenite.

Ithas been poinsed out (Refs. 22, 23) that large
amounts of retained austenite are beneficial in terms

of low cycle fatigue where the large plastic strains
induce train hardening from the austenite to marten-
site transformation and the development of favorable
residual tre e. However, in high cycle fatigue, the
relatively low plastic strain do nol allow any trans-
formation of austenite 10 occur. The same author
found that the plastic strains needed. to transform the
austenite are directly related to the prior austenite
grain size and the morphology and size of the austen-
ite packets. In fine grain tructures (ASTM 9.5-1 I),
much lower levels of strain are necessary for trans-
formation: (Refs. 23, 24), so that in high cycle
fatigue, which is usually associated with very smaU
amount of plastic strains, these structures will be
able .to Ilr.il1sl'orm and resist crack propagation.

Work by many authors (Refs. 15, 25. 26). points
to the reduction of retained austenite by cryogenic
means as detriments] to 'the fatigue propertiesand
fracture toughness of lite carburized component
because of the development of residual tensile
microstresse in the remaining austenite regions.
However to this author's knowledge, no systematic
investigation has yet been published outlining the
nature, or indeed the magnitude, of these

M'aCTocontact

E,quiv:a1ent SIrI in iru:ramem
01 _

!f-tlI2w' .11,

Micr·IICOn111ct A.ctuallClln1 et

Figl• 4-lIhrstnltion of two plastic lanes UDd" rolling contact d!!e to Imllcr,D lind mic"o contacl .
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microstresses, The effect of cryogenic treatments 011

the bending and contact fatigue properties of carbur-
ized gears C8fII be illustrated by result obtained from
gear research conducted al. the Univer ity of South
Australia (Ref:. 27-29). Figlllt'e 5 shows mal 'he
cryogenicteeaunent was detrimental to the bending
fatigue properties of the gear. tested.

The effect of the cryogenic treatment on bending
fatigue propertie can be explained by only three
scenario:

(a) If it is assumed that the retained austenite present
in these gears can transform on straining, and that
cryogenic treatment Q!ll:t reduced the Jevels of
retained au tenite, then tbe non-cryogenically !reated
gears have superior performance due to a higher
amount of retained austenite, which can transform.
ahead of the propagating cracking tip.

(b) If it is assumed that tile retained au tenite pre ent
doe nru tran form on straining. then the non-cryo-
geni.caIIy treated gears have superior performance
due to the cryogenic treatment imparting detrimental
residual tensile microstresses in the remaining
region of untransformed austenite.

(c) If the retained austenite present does Wl.I. trans-
form on straining, and its presence is detrimental to

the bending fatigue properties, then the cryogenic
treatment ha a greater detrimental effect on the
fatigue properties of these carburized gears than the
presence of retained austenite in the treated gears.

In all cases, these resuks point to a detrimental
effect derived from the cryogenic treatment of these
gears. Figure 6 displays the experimental results of
contact fatigue test carried out to determine the
effect of cryogenic treatment, This figure shows that
tile adeption of cryogenic treatment has proven to be
detrimental to the contact fatigueperformance of
En36A reel,

The role of cryogenic treatment on the contact
fatiguebehavtor of the rollers tested is not as clear as
it was in the bending fatigue section. This result fol-
lows the trend found in the literature, where the
adoption of cryogenic treatment was found to be
detrimental tothe contact fatigue performance of
carburized components. ]11 particular. the experimen-
tal results of Kiessling (Ref. 3 I), Razirn (Ref. 26)
and Nakamura et al. (Ref. 32) have shown a direct
relationship between high levels of retained austen-
ite and high contact fatigue limits.

Case Depth and Core Slrength Requirements. The
determination of the appFOpriatecase depth. in carbur-
ized gears mu t reflect the sire ses developed in and on
the gear teeth, as discu sed in the sections on gear



stresses. Th aforementi.oned duality of the tress sys-
tem. in gears place certain limitations. or at least. COIl-

ditions. which must be satisfied in the appropriate
selection of the case depth. However, ilhas been di -
cu sed 'mat the role of the hardened layer in the root of
!he gearlooth i fundamentally different than that
required III. the contacting flank. The literature,as
expected, also displays thi duality of role.

It. has been known that a case depth elected on
the basis of contact fatigue will not necessarily per-
form. al its optimum in bending.Thi· has been
aclmow Jedged by orne authors. However in prac-
tice.lhe case depth requirements for maxim.izillg
bending fatigue resistanceare u ually overshadowed
by the need for contact resistance, A great deal of
controversy still surrounds the optimum case depth
for bending/contact endurance.

The core trength i of ignificant importance in
the fnugue re i lance of the component This i part-
Iy based on the core trengtb's influence on re idual
stre se ,since the magnitude and indeed the polarity
of lhe residual stre se d :veloped are dependem on
the difference in volume expansion of the 'case and
oore. The larger th difference. the higher the re id-
ual stres e . provid d that the core material doe .not
yield (Rcf~.33. 34).

Thi simple criterion is, however, questioned by
£bert et al, (Refs. 35, 36) and McGuire et aiI' .. (Ref.
37), who propo ed that a carburized structure is ba i-
cally a two-component compo ite, and that each of
these components will have signifi anti), different
e.lastic .Iimitsand plastic pmperues. At stress levels
below the yield tre _ of both the case and COf'C. the
overall stre tate willI not differ ,from mat anticipat-
ed in a homogeneou olid, However, as the load i
increased and th tre level. become higber than
the yield tress of th core, the core will flow plasti-
cally while the C3...e wiU still behave elastically,
Becau e of the difference in the Pais on ratio 'for
elastic behaviour (0.3) and plastic flow (0.5). the
case and core will have diffetent contracting tenden-
cies. Thi create transverse stresses normal to the
applied stress in the case-core interface region This
i .e entially a tensile biaxial state of stress.

The enhanced ductility of the carburized compo-
nent, as compared to through hardened components.
is derived by the development of compressive trans-
verse stre se in the case, which help it resist the
applied stre e. In carburized steels, the presence of
retained austenite ill the case can provide a further
ameliorating effect if it can transform to martensite
on training. The volumetric expansion on transfor-
mation, can reduce the biaxiality of the stres state in
the case. Thi model highligbts the impertance oflhe
core tructure in the fatigue proces • and it also
define the actual role of the hardened case. A deep
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case is seen as increasing the degree of biaxiality at
the ca e-coreiruertaee while resiricting the ductility
of the case.

The effect of case depth 00 me fatigue properties of
earburized gears is illustrated bylhe results obtained
from tests carried out at the Uniersily of Souih
Au tralia, They show that the shallow case deplh con-
sistently our-performedihe tb.icker case depth, irrespec-
tive 'of the post-heat treaIm nl process received (i.e,
glass bead peening and/or cryogenic treatment).

The bending fatigue performance in relation to
the case depth initially points 10 tn.e various diffeI-
cnces found between deep and thin cased g ars (Ref.
30). Some of these differences were:

1. The hardne s of the shallow-case sample were
lower than the deep-ca e aile .
2. The retained au tenite levels were higher in the
hallow-ease sample .

3. The microstructures developed in the c e of the
deep-case gears were different from those found in
the shallow-case gears.
4. Tile crack initiation deplh was deeper in the shal-
low-c-ase amples.

1he microstructural differences between the two
type of samples were mainly in the degree of n '11.-

martensitic phases, which wereprimarly carbide net.-
walks. These carbides acoount for me higl1er hardness
of the deep-case: gears (point 1 above), and the higher
amount of retai.nedaustenitein thelhin~ase gears (point
2 above) <Refs. 15, 38-40), since the carbon and the
alloying elements, which are among me factors control-
Ii:Qglhe amount of retained sustenite presern, are not tied
up in carbide in !he thin-casegears and hen will
increase the levels of austenite retained.

Thesenon-martensitic feature found mlhe ca e
of deepcarburized gears are mostl.y likely due '10

exce sive carbon buildup in the outer layers. This
problem, termed superearburization by Razirn ,(Ref.
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26). has been suggested to be due to the adoption of I throughout. its depth. (k) (this can include through-
a high carbon potential during carburizing, However,
the reader is referred to' the work of Goldstein and
Morell (Ref. 41), who have shown that. this supercar-
burizing effect could also be due to Chromium
depletion of the surface layers (due to, oxidation).

The deeper crack initiation of thin-cased gears is
interpreted as indicating the influence of re olved
stress (applied and residual) pre em in the interior ef
the gear looth .. Fatigue cracks can only initiate in
regions where the resolved stress is higher than the
material fatigue limit. This location is also influ-
enced by defects and inclusions, which will develop
localized regions of highly concentrated stress.

The initiation of cracks deep within the thin-case
gears is the result of maximum resolved sire ses I

developed in deeper areas below the tooth's surface
as compared to deep-case gears. This is also
explained by the bigher elution carbon eontent of
thin-case gears (Refs. ]5, 35,42), which will allow
the development of compressive residual stresses of
III higher magnitude. The enhanced performance
ob erved in thin-ca ed gears can be explained by two
separate mechanisms. The first is based on the model
proposed by Ebert et aLCRefs. 35. 36) and McGuire
et al!. (Ref. 37) regarding the rheological reaction
between case and core. The second is derived from
the microstructural considerations discussed above.

Case Depth .R.eq.uireme'ltsin Contact Con-
,ditio.ns. Considering the stres distribution in con-
tacting cylinders as outlined in the preceding sec-
tions, it is dear that an element of material in or on
the gear flank willexperience stresses according to
its position, the radius of the roller, the appliedlload,
the respective relative sliding velocity and the coef-
ficient of friction. Failure of the material, irrespec-
tive of its nature, whether it is by exce sive plastic
deformation or fracture, is then .3 function of the
parameters. outlined above and the true strength of
the material. If the material's strength is a censtanr
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hardened components uehas bearing races and/or
austeaitized components), then it is rea enable to
conclude that failure will occur in location below
the surface where the shear stresses reach a maxi-
mum. H. however, the coefficient. of friction i
greater than about 0.3. signifying that these shear
stre se .reach a maximum on the urface, failure will
occur on the urface (Ref. .5). However, in conditions
where the materia! exhibits a strength gradient, as l
the case for case hardened components. the problem
of prediethig failure locations become ignificantly
more complex.

The need to accurately predict failure locations in
case hardened components is a basic prerequi ite in
the establishment of case depth requirements. It can,
therefore, be stated that the main role of the hardened
layer in contact situations is to ensure that the core of
the component is not ubjected to hear stresses
above it cyclic shear trength, and to increase the
surface layer's resistance to asperity interactien, In
view of the shear stre ses developed. under 'IDecon-
tacting urface, it is clear thatthe hardened layer ha
to be of such a deplit as to encompas not only the
area of maximum shear stress, but also the area fur-
ther into the interior where, even though the contact
stresses are not at their maximum amplitude, they are
still significant, The hardened layer should extend to
a depth where the shear stresses decrease to a suffi-
ciently low value 01 as not Ito pose a threat of crack

initiation in the core.
The role of case depth in the contact condition

cannot be ignored. Tests conducted at the University
of South Australia show that rollers with. a. hallow
case depth display significaJiltly lower fatigue limit
than their deep-case counterparts.

The model. proposed earlier to account. for th
material strength in resisting contact damage
explains the difference ill the performance of rollers
with different case depths. this being due to the deep
case rollers having a higher contact fatigue resistant
layer extending deeper lntothe roller.

Conclusions
The conclusloas to be drawn from the results of

the gear test pre ented are a follow :
L Gears with. shallow case depths display higher
fatigue limits 'than gears with deeper case depths.
2 .. Cryogeaicallytreating the gears decreased both
'the bending and contact fatigue performance of the
gears tested.
3. The contact fatigue performance of shallow ca e
rollers was significantly inferior 10 the deep case
rollers.

Recommendations
The bending fatigue treagth of a gear tooth lim-

its the amount. of' load applicable to the flank of the
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thinner case depth, which would increase the allow- i
iable bending stresses. does not impart the necessary i

resistance to contact that these stresses can generate. !
[11 the past a compromise was necessary in terms of I
choosing a case depth which would re ult in an :
acceptable fatigue life.

The maximum case depth in the root region
should be optimized for maximum bending fatigue,
while in the flank ,ofthe gear 'tooth, the case depth
should be as deep as possible without running the
risk of developing exten ive carbides or other non-
martensitic phases. One way to achieve this is to use
a two step carbllrizing process, where the component
is initially carburized to the case depth desired in the
root, taken out, and a copper coating applied to the
root region, The component is then recarburized to
achieve the desired depth in the flank. This requires
carefuJ modeling of the diffusion of carbon in the
masked region, as the carbon profile could become
very flat due to inward diffu ion, A more elegant
method would 'entail. a partial oxidation treatment in
the root region to, reduce the carbon intake in that
region. If the controlled fonnation of Cr203 or even
. orne type of 5i0'2 could be encouraged in the sur-
face of the root region, thenthe influx of carbon
could be controlled to achieve the dual case depth

tooth, Till • in turn, limits the maximum contact
stresses developed. A deep case depth, which is spec-
ified to willistam:! high contact load , is therefore not
necessary if tho e load cannot be reached by the
bending properties of the gear. At the same time, a

suggested.
Inve ligation imn novel heat treatment technolo-

gies hould a1 0 be considered, especially ill the li.ght
of the work. carried out by Davies and associates at the
Wesl.land Helicopter Corp. (Ref. 43-47) dealing wilh
duplex 'treatments. It shoald be pointed out that in the
manufacturing of ease hardened gears, the benefits
expected from the best engineering practice and the
highest level of accuracy do not materialize if the flee-
essary metallurgical input into gear production isnot
given the necessary attention and emphasis. 0
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Bedllner 'Charts

and Gear Inspection
Q&A is your interactive gear forum.
Send us your gear design, manufactur-
ing, inspection or other fiefated ques-
tions, and we '/I put them before our
panel of experts. Questions may be
mailed to Gear Technology, P.O. Box
.1426,Elk Grove Village, Ii 60009,USA,
faxed to {847} 43Ni61S or sent e/ectTon-
ically to people@geartechnology.com.
An expanded version of ll&A is also
available at www.geartechnology.com.
Hundreds of questions have already
been posted and answered. Visitors are'
welcome to post their own answers.
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Robed E. Sm'ith
is the principal in R.E. Smilh &

Co., gear consultants of
Roehester; NY. and one of Gear
Technology's technical editors.
HI! ha oller 50 years of experi-

tinct! in gllaring and is Ihl! author
of numerous {JtIpersandanlcles.
He: is also very active in AGMA

standards development.

2.4 GEAR TECHNOLOGY

Question submitted by
Ramiro C. Salinas
Co.rpus Christi Army Depot
Corpus Christi, TX

Q:What are redliner charts.and who
still does redliner charts?

Answer submitted by:
Robert E. Smith
R.E. Smith & Co.

A: For marty years, the terms "red
liner" and "red line charts" have been
used by the Fellows Corporation in rela-
lion to the:ir line of double flallk com-
posite testers, For example, they made
Ille No.4 Fellows Fim~-Pllch Red Liner
and the No. 12RL Red Liner. Double
flank composite gear inspeetion is
shown chematically in Figure I. These
instruments were in such common use
thai. the term "red liner" became syn-
onymous, w.ith double flank composite
inspection,

The tenn "red line charts" apparently
came from the facl that early recorders
used pens that wrote with red ink. These
were a constant maintenance problem,
diue to dogging and spatter. Later
recorder u ed thermal writing pens and
paper, thermal array printers. or even
printer attached to PC computers.
Double flank composite testers are made
by many different. companies and can use
a variety of writing methods that do not
produce a "red line" on the chart.

To compound the confusion even
more, the 'term "compo ite' inspection
has been taken to mean double flank
composite inspection beeau e it was in
such common use. As can be een in
Figure I, there is another type of com-
posite inspect jon, called single flank
composite, tilat can be used. Today, both
type appear in gear quality standards
such as AGMA and ISO.

Double and single Hartle composite
testing results in charts such as thai
shown in Figure 2. However, they mean
completely different things, As Figure I
bows, double flank composite test

measure center distance variation as the
gears mil Ihrougb light mesh. Single
flank composite testing, however, mea-
sures rotational motion variation, as the
gears roll thrilugh mesh at standard cen-
ter distance. with backlash.

One can see that the continued use of
the term "red liine chart." is not a very
good idea. The terms "double flank com-
posite chart" or "single flank composite
chart" would be more accurate and pre-
vem confusion as to what the data mean .

The 0000<1 part of the question asks
who still doea redfiaer 'charts. Double
flank composite inspection (to lise the
proper terminology) is very common in
high volume applications, such as auto-
motiverransrnission gears and fine pitch
gearing made by cutting, molding, and
powder metal processes. It is a good con-
trol of functional tooth thickness (size)
and runout under certain 'conditions.

Double flank: ccmposite inspection
Cart. be a good C0l11)101 of runout before
any sub equent fini hing operations such
as shaving and some grinding operation .
However, after finishing, the chart may
sbowvery little runout, but the parts call
still have a large accumulated pitch error
that bas all the ill effects of runout such
a positional error or nonuniform once
per revolution velocity. This is some-
times called "hidden runout." Single
flank: composite inspection win find
these problems. See AGMA Tech-nical
Paper 95FTM~, Detection of Hidden
Runout, by R.E. Smith. et al. 0
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There's only one way to ensure th.at
the gears you. produce will always detiver
superior and quJet performance. MU'e sure
they're bred from quality stock.

Dura-B~ continuous-cast gray and ductile
iron performs like free-machining steel with an
important. added bonus - quieter 'ope"atio'D.

Lik.e steel. Dura':Bar 'can be austempered,
through-hard,ened, Dame-hardened, or Inductscn-
hardened for added wear resistance. But the
superior noise and. vi.bration damping characteristics
of Dura':Bar make for quieter running
gears. An,d Dura-Barjs 10% Ughter than steel.

Dura-Bar round. bars are available in diameters
ranging from 518" to 20" and lengths of 6-20'. So you
won't need to make major changes in your machining equipment.
And our extensive inventory means Dura-Bar is avatlable now - when you need it.

When U's, quality material, quiet performance" and quick delivery that count, look to'
contlnuoua-cast Dura-Bar for your gear productson needs.

Continuous Cast fron BaT Stock:
Contact UI for the late.t data OD ,gearDolae.

1·800·BAR·MlLL (227-1l455].' 815·338·1800 '. RaJ:: 815·338-1549
2101)1West Lake SIl.ore Drive. Woodstock. IL 60098-749~
Web, Site: wII/'w.dura·bar.com .' E·mail~ , ales@dlllll·bar.com
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CAAQONITRIO ING_ _ _ ..P.28
CAABURJZ1NG _ _ _.P.28
CRVa !lEN ICS _ _ uo" P.28
DIE nUENCHING P.30
FLAME HARDENI,NG P.30
mEE o.UEN CHING ••_ ~ _ ......• _ _ __ P.30
HOI 01 L OUENCHING _ _ _ _ _ ...I~30
INDUCTION HAAOENING _ P.31
ION NITAIDlNG P.31
LASER HAROENING P.31
METALLURGICAL TESTING P.31
NITRJOI NG P.34
NfTROCARBURrZlNG .._ " P.34
NORMAlIZING " _ _ _ _ _ P.34
PlASMA CAABURlZING .._ _ _ _.P.35
PRESS o.UENCH ING ou •• _ __ P.35 ,
SALT BATH NITRIDING P.35
SHDT PEfNING P.35
51NTERI NG P.35
STEAM TREATlNG _ _ _.P.35
STAAl GHTENING _ _ _ " P.35 '
STRESS REUEVlNG P.35,
T(MPERIr.lG P.36

I VACUUM TREATING P.38
OTHEA HEAT TREAT SERVIC~S P38
HEAT TREATING !EQUIPMENT AND SUPPLlES P.38

AGE ,HARDENING mIDI] Heal 1'"=...lIDg
A.F:C. - Pirro Fhune Melllls Processing

dvanoed Thermal General Heal Treating
Technologies, Inc. General Metal Hear

, Alliance Metal Tnm~ng ire4tin.s lnc.
AlPha Hear Treaters Gibson H~l Trea!
American Brazing Grund Rnpids Commercial
A.merican Heat Treating Heal1'rellting Co.
AIl:erican Me!aI 'IlmJingloc. H & S Heat Treating
BeehiVe Heat Tn:nung Hansen. Balk Steel Treating
Benedict-Miller Hanni Ricl!mond Inc.
Bennett Hear in:aling Hindcdirer-Anaheim
IkJdycoo: S.W. Inc. lillCdl Metallurgical Co.
lIOOycoo: Thermal Iii-Tech Sreel Treating Inc.

~las Hnrizo!! SI«11'relI!ing Inc.
Bod~ Ilx:mW HasllwEb & Swn Co.

Proressing~1'l. WC!I1f1 Houslon flameffilrderung
Bodycote Thermal !-ITCl Commercial

~ng (Willi!) Induction
Burbank SIl:eI Tn:nting IITG Hitech Aero Division
Cen!'ml Kentucky Hudl!pack-.Elkbom

Processing HIKW_---{;knda!e H1ll.
Cermuy Sun Metal "J1reating [ndustrial Metal Treating
Certi1icd Metal ernrl Indi!...maJ SI«I. Tteanng Icc.
CincinruW Steel Treating Iooex, 1·0(;.
City SreeI Trealing Irwin AU!O!I!aliooInc.
Coleinan Ol<rIrnercial Heal JIIISW Hall lmttmg IDe

Treating I KowaJ.sI:i Heal l'reaIing Co.
DI:\Phi Erlgineerio8 ~ Heal Trealing Co.

. DI:!mil Steel Treating Co. -HOWllOO
, OWe Heal Treatingl.iOO~ He:u Treating Co.

Drevr:r Heal Trea!ing -New Be..tlin
I Dynamic Me!ill Trea!Lnll Lindb;:.rg Heal Treating Co.

Ea"t-Lind Heat 1'relIl . acine
Edwan:ls Heal Treating Lin<lbezg Heal Treating Co.
Elmira Heat Treating Inc. -IRochesrer
~ Ik!!& ~ IDe. I.iJxIberg Hca! Trea!iPg Co.
Erie S~r TrearingInc. -R.0SCIJJ001
Euclid Heal Treating COl M M Heal1ieal.

2& GEAR TECHNOLOGY

.Mclllllmprovcmenl Co.
OI..uni.bwi

Mc!a.lr"""""".Inc.
Memi 'l"n:ating Inc.
Me1lIl TTea!in.g .& Researdl
Me.talllJrgicallne.

·emI- The Hem ~ng Inc.
MellabCo.
Met-Tck [nc.-Claclwmas
Midlnnd Metal 1l:eaIing Inc.
Midwl;Slern Machinery Co.

.oo:k:m Metal Processing
0& W Heal TIU! Inc.
<hI:1BOO Me!al Treating
Pl!u..lo Produc15 Co.

-NoShvilie
Pe!l1lSyl'il3ltia Metalturgical
1'hocrIU: Heal Treating Inc.
Pin-Ttl; Inc. .
Progll!ssi1le Steel Treating
Rocin~ Hew: TteaJi!lg Co.
Richter Precision Inc.
Rotaticn Products Corp.
Solar AtlIlOSPh=lnc.
Speciality Heat 1'twi.11..8

--Orand Rapids
Specialty Steel Treating Inc.

~l'wminglOO Hills
Spo:ciaby Sled Th:a!i!!g Inc.

-I'taser
SY..~ Heal Treat, Inc.

-Orlando
Supc::rior Me!al T=ti....!!g
S)'I1!CUSe Heal Treating
Thermal Braze Inc.
Washingloo Metallmgical

Services

A.F.C. - Pifco
Ad1l!!!1Ced Heal. Treating
Alliance Melal Treating
American Heat Treating
Am:ri<;an Metal Th:ating Inc.
Beehive HCI!I Trearing .
Benedict·Miller
Bennett Heat Treating.
Bodycote S.W. Inc.
Bodycote Thermal

Proces..ing-FL Warth
Cmlflood MeW Craft

.nciJ!nal.i Steel Treating
Delphi Engineering

, DWe Heal T~g
Dixie MlIChine & Heal

'I'le!!ling Inc.
Drover Heat Treating
P..ruoI·Lind Heal Treai
Edwards Heal Treating
Elmira Heal Trealing line.
EngI:ni:endI Heal 'D'allnc.
Eric SIl:eI Treating Inc.
Fhune Metals Processing
General Heal Tl-eati.ng
Gillsorl H=t neal
Ii .& S Hea! "I'rea.ling
HaIlfiJ Richrnood Inc.
Hlll:eh Metallurgical
Horizoo Steel Treating Inc.
I roo Commercial

Induction
Hy- Vac 'Iechnologies
Incl:ublrial Metal Treating
Irwin ulolrullioolnc.
JIISI."O Hell' ~g l!!e.
Kowalski Heat Treating Co.
Li~ lH.eat"I;reatingCo.

-New Ber1in
Lindbeq: Henl Treating Co.

-Racine
l.iDdberJ KaI i'Iei!!i!lg Co.

-.R:o;;emool
M &: Iv! Heat TI'Q!
Metal Treating Inc.
Metal treating & Research
Metalll.LrglcnllIH:.

I Me.tlabCo.
Met-Tek :Inc.-Clocll:amas
Midland Metal r-realing Inc.
Modern MmI Process.ing
0& W HClIlTreet Jne,
Oakland MeLllI Treating
Paulo Prodl!ClS CO·.

-81.. L.oui
Pennsylvania Metallurgical
I'OOenix :1tIta! 1'twil'lg Inc.
Pia- 'lb: .Inc. .
Progressive Sll:el Treating
Rotation Products Corp.
Suncoas; Heal'ITe!!l, Inc.

rlando
Superior Melal Treating
WashingtOn Me!alJurgicaI,

Scrvi=
Weiss Indu..<trics Inc.

ANNIAUNG
A..1'.c. -Nco
Abboll FumllCC Company
ABS Mel!!l.lurgic!!l

Processors Inc.
Accurute Steel Treating
A~ Tieal Treating Inc.
Ad~TbM'lIal

To::hnoIDgll!S .. Inc.
Aju ~ CJorp.
Albany Met.!!ll~ting I

Noo Heal Treating Corp. '
Alliance Mew Treating
A1pbi! Heal TreDt"~
Arnerican Ono.illg
American HJeIl.! Tteati!!g
Am::ricwI Metal Tm!Iing Inc.
AlI'IIOSpbcre Annealing me.
Beehive Hea.t. Treating Inc.
Benedict·Miller Inc.
Bennett Hear Trenting
Booyot:l!e S.w. Inc.
BodyOQl.e ThcrnmI,

~ing-Dallas
Body~ Thermal

Process...i!lg-ft Worth
Bodycoo: Tbermol

Processlng (West)
BomakCO!p.
1lIe Bwilll Co.
BraddocJt Metallwgical

, Brnddock Mctall!!!'gical
-AliibaJna

BOOng &: Metal Treating
-CleV()land

Brazing &, MetIl..Ilreating
orK\'

Bruin!! &: Meml1'i"eating
ofMN

Brile Brazing
Brite MeLal1'relltlng Inc.
Burbank S!eel T:rea.tingInc.
Cal-Damn Division -
Carolina COll1mereinl Heal

T=ting
Carerpilkr lIld1LortriaJ

I'rIxIIIc1s Inc.
Cen!nll Kentucky

~.mg
Cenlury Sun Metal Tre:lling
Cellilltd ~ Treating .Ioc.
·Certifi<!d Metal Craft Inc.
(JlicagolndUdion
C"mrinnati 'GeM Co.
C~rmati SreetTreating
City Sleel Treating Inc.
Clearing Niagara
ClevclllUd Flame Hardening
Coleman Commercial Heal.

1l'eating
C~iaIlnduaioo
Commercial Steel Treating
Custom Hem Treatin·· Co.
Delavan Steel Deating
Delphi Engi1leering
iDelroil Steel Tl'eaIing Co ..
Diamond Heal Trea..Jing 'Co.
Dixie Heal. 'ITeaMg Co.
Dillie Machine .& Heal.

Tn=ntillg bK:.
Drever Heal Trealing
Dynamic Metal Treating
East Carolina Mellll

Treating IDe.
East·LiIld He<!I Treat
Eckel Heat TIU!
Edwards HI!ilITreating
Elmim Heat Treatin Inc,
~ Heal1ieatloc.
Erie Steel Treating Inc.
Euclid Hear Treating Co,
Falrfield Meg, Co.
.FeinbUmking Lid.
Fenton Heat Treating
Flame Hardening Co. of

C!!lifornia
Flame Mc!Als Procc sing
Alliuml ManufllClwing Inc.
Fox SIee! Treating Co.
FPM Heat Treating

-EIkGrove
FPM Ipsen Heal Treating
FPM Milwaukee
Fmnklin SIKI1'rcatiJ18 Co.
Gear Company of A~IIl!:!ica
General H~ T=tlng
General Metal Hem

Treating Inc,
Geo, It .PoI1cr Steel

Treating Co.
Gibson Hear Treal Inc.
(;Jeason PrilLlei' H!!rtb

'Cutting Tools
Gr.md Rapids COIllIIlemaI
Heal '1'rw.ing 'Co.
H &; M Meti! I"rocessing
H &; S Heat Treating
Hansen-Balk Steel Treating
Hnuni R:ichmood Inc.
Heal Ireat Corp, of

America
HQI Treating ~
HI TeeMetal, Group

-Cleveland
HinclertitelHeaI T!eaIln.g IDe.

-Anabeim
Hindel'li"1cI; Heat'Ii1:aIin!! Inc.

-Dmlas
Hindcrtl1cr HeaI.1l'I'caIing Inc.

-Tarzana
HirKbliIcl; Heal 'Thl:iJ:ing Inc.

-TUlsa
Hi(och MctallllTgical Co.
Hi-Tech Steel Treating .Inc.
HoriL.on Sll:el TIeatiog Inc.
Horsburgh &; Sax! Co.
HTG Commercial

loductioo

lITO Hitech Aero Division
H!Idapa.ck-EIkhom
D~~JmdMHb;.
Hydro-\I3c
Hy·VaI: T~ Inc.
Il!iana Heat Treating Inc.
lmpaal SlnllcgiC'l Inc.
lnduclioo Meial Treating
lnduction Services Inc.
:lnducltiheHtlnc.
htduslrial Melnl Treating
Industtilll SIeIl11'real:ing Inc.
lcona,lnc.
i.l'OIlbolind Heat "Ireating
IIwin Automation Inc.
Jw;oo Heat 'Treating Inc.
JCS Engioeenng &

o.,..'elopmell!
Joim V. J>oo:ro Co.
Kowahli Heat 1treating 'Co.
LW County Sll:el Trel!dng
lawrence Industries Inc.
Lindberg HBm Treating Co.

---;Berlin
Li.ndbeIl! Heal. Treating Co.

-Houston
Lindberg Heat Treating Co.

-M~Pwt I
I..inc:Iberg Heat Trea...1ingCo.

ew Berlin
Lindberg Heal Treating Co.

-Racine
I..indl::Je!i Heat Treating Co.

-Rosemont
Lindb;:tg Heal Ttea....ting Co.

-Sllouis
M & M Heal. Treat
Magnum Metal T:rea!lng
Ml!S!eI" Hear Treating rOC.
Meril Gear Coql.
MeIlll~ICo.

-Columbus
MetallInpI:ovcmml Co.

-Lafayelll!
Meta!' Improvemenl Co.

-McLeanlWicllil/!
Mel;!]Meihods
Metal Treaters Inc.
Metal Treating Inc.
Metal T""l<lLin-&. Research
MeIlllJurgicwlnc.
MetallUrgical Processing
Memls EngineeriDglnc.
Memls TechnoJogy

·edib'Co.
Meuo StccllTcating
MeI-1ek !oc.---Clackamas
Mel-Tel< loc.-Racifll!
Micltig"ll Ind!.!l.'tiO!lI!l!:.
MidI!!nd Metal Treating
Mid-West Flame Hardening
Midweslem Macl!ineIy Co.
Mod<m Ind.u..<lries Inc.
Modem MeIlll Processing
M~Me!!!lh!ll!it:!!l

atiooaJ B.I1l8Cb,
Naliooalloouction Hcaling
Nlll:iooal Metal l"nxcssing
Nell!eson SI«I Ti'emJng

ilm-Va,; Heal ~
o&; W Heat 1'1CUI1nc.
OaIdand Me1aI TJeating Co.
Ohio M!!tR!Iurgicai Service
P & L Heal Trenllng &

Grinding
Parrek laboratories Inc.
Paulo Products Co.

-BesserrJu
Paulo Prndll(;U Co.

.......Kansas City



• -- .HIEATTREAnNG SERVllCiES mRECTORYllI _

I'Iulo ProdI!cts Co.
ashvilk:

Paulo Proo:IucIs Co"
~ l.n!W.

PmmyIVllllia temllwgii:al
PrIm: Heal lieaI:ing IIIc.
PI!oe.nix tkal Tn:ar.iog Inc.
Pi!l-Tc.>I. Inc.
P=ision HClI T~
~ve S!eell'mui118
RIItiDe Heaal'rel!ling 0.
Ril::hlcr P=ision Inc.
Rochesler' ·1eC'1Treating
RoIaIiro Prod!!C!S Corp.
S.KoS. Heal 'fR:aIing Inc.
Sctll fulge
Shore Mew Technology
SoIarA~ Inc.
Sana: HealT~g Corp. I

Sou!hca<.!mI lieal Treating
S....... ·"I " •• 'i'rmlin- 1·-.~.--y 'c~ !8~

-Albi!ns
pcciaIl)' He3i Th:aDng Inc.

Specially Heal ~ting In!;.
--{Jnmd Rapi&.

Spm.-.ll)' Heal TR:a!ing hx:..
oIIa!xI

pecially ICCITreating 'In!;.

-F.um.ingtOO HiI1s
Specialty SIeI!l T~ ,IDe.

--Fmcr
SIar.c Heal 'ImlI1IIc.
Slccl'l'rmlrn, Inc.
led Treating

SunSIedT~
S~ HCi!!Tn:aI. l'nc.

---OrI:mOO
Suocoasl Heal 1'=1, IIIc.

-~8cIch
. WlalIIISI Hcal 'I1reaI. Inc.

-Trunpa
SuperlOit Metal Treating
Syiacusc lkill Treating
Thcnn Tech of Waukesb!!
TI-o:rmaI Bnm Inc.
i'IIern!aJ Mell!.l Treating

, 1hermall'~ CenI£1'
Thermo ,Elcctrool MeW

Treating DiY.
Thmno 1l~1m I...Ili
"lbcoo. Inc.
~blnc.
Treal AU Mdih Inc.
TrojWl Hcal ~ Inc.
Ull.iVENIIHeat Trealirtg
\i'ocuB:n=
WaIm Hell Trearil1
Wall 'Co!morK/)' Corp.
Wilmington Me!allwgical

~
Wc' s IrI!IusIrio> Inc.
WesI5ide AmI: Hardening

AIfSfORMINU
ABS MeIlIllurgteal

~Inc.
CcrtiflBl Ml!taIllift Inc.
Cir!cinn.ati Gc8r Co.
Kowalski Heal Treating' o,
M~t.alsT~logy

l\.F. - PiJ'cO
AbbooIFurna:e~y
Ao:.'CUl'lII£ SulCI Treali.ng
~I~

Ted:tooIogy
AIro Heal ~n", Coop.
A.m:riClm MCI:Il TrmIing Inc.
APW~
, ppIied ~ roc..

,Bedu'Ye He. Treating
Bctmdl Heal1fraLing
BodyCOle ThcnnaI -

~g-A.Woob
BodytXlll: 1b:rmaJ

~(\\'C>I)
Burbank Slttl Tn:aling :1nC.
Ccnlml Kelllucky

~g
'CeMa'y SWI Mcml1'reating
'Certified t.b.l Cl'UIlnc.
Edwan:Is Heal i'rcoting
Elmira Heal Treating :Inc.
~IH~n.1I!!C.
FIa!ne Metal I'roc=mg
Fa~ SIet:1 Treating Co,
!'I'M Hellt Tre3lin·

-ElkOmvc
Fra.okI:in Stile! Trr.ming Co.
General Mew Heal

Treating Inc.
Gibson Ht.at Trcal.lnc.
HI Tet:MetaI Group

-CJe\.'cland
HoriT.oo Steel Treating Inc:.
~~H
H)'-Vatodlt~ Inc.
IIli;ana Heal 'IieaIiD& Inc.
~ Stralegies :I'nc.
IndlJsuW SIt!Cl ~g lnr;.
Iroobound tIeIIIl1reafing
IJwi.n AIIIDm:IIioo Inc.
~He!d -- '-= Inc.
1Ww!!lW Hell! Th:min Co.
I...indhcJg Heal Tn:ating, Co.

- ew Bailin.
I..indbct-g Heal Treating Co.

-Racine
l..i.ndbettI Heal Th:a!inll Co.

-1lcK11IOOI
M M Heal 'I'iul
Me!;!] '1mproveme!!~

-McLean/Wichim
MeI1ll1'reating Inc.
Metallurgical lne,
MI!Il!I51"eehoology
Metro teel Treating
Met- Telt Inc.--Clacbunas
Mid\\'C>ImI 'Ma!:I1i1ay Co.

aI.iooaI Meml Proi::Essinll
'1'a!!Ia Ptnducls Co. .

-' CiI)'
I'lIuIo Pnxb:Is Co.

--MurIm:sboro
,1'tIocniI< Heat r-realinglnc.
Sooce Ueal TreaIlI!l! Corp.
Sou on Heal Treating
SIttl~Inc.

IlIII:'OO>I 'HJ!8I. Th:at. Inc.

Tteating Div.
W=idc Ramo:Haroerung

,BLACK~IDJNG
l\.F' - Pi1co
Abboo Furnace Company
Advanced Heal Thating Ioc. I

Alco H_ Treating Corp.
AIpi!I Hea! Irea!m
~-Mi..llef
Bmneu Heat Treating
CenlraI K.enwi:ky

~l1g
~.,,!!!gII!'II

Dmoit Slttl Treating Co.
EImi.a Hear Treatin !nc.
,Gibson Heal T~
H!wm Rtdunood Inc.
/:Ii- Tedl Sftl Treating Inc.
Horizon Slttl 'freaIing Inc.
~ SIflIIcglo Inc.
II1riIoond f!dI ~ng

I Jasco lInl Tn!atinzlnc.
, Mldwestt:mM~ Co.

P!!uJo Prnduct.; Co.
-Kansas Cify

PanIo '1i'ItxIoru Co.

l'IIuIo Pn:lducIs. Co.
-SLl..JJui~

Sl!perior MI:IaI T=ting
)TIICIlS He:I! ~1Il!

"I'bero1!!I MeIal TreaJing
Univer.w.l Heal Treating
We..<lSideFlameHardening

BlAST 'CI.EANINul
AdVWK1Cd ThcnnaI

1b=hnoIogics.m.:.
Alliance MIlUIl Treatin
Alpha Heul1'!'en=
AmcricWl IHeaJ1'renting
ArmiI:m Mdal TICKing Inc.
Beehive Heal Treating
BmediCl·MJDer .
Bcrlnen Heal ~!l
~ .W.1n:..
BodyCOk Thermal

Proccssillj"":DaIW
Bodycorc ThcrmaJ

Pnx:essing-f'l Worth
I Burbmli: li!d TI'ea!ing. lne.

CcnllllY SIm Me!al Tre:ding
Certified Metal Cmf!
Gocinnati I"Iami!

Hardening Co.
Cineirumti Sloel 1'reatin
[)e1m;1 Steel Ti'e!!ling Co.
OWe Heal '\'Ireming .
Drevcr HClI1i"cating
Dynamic McIlll TteaUna
East-Lind Heu; 'i'rml
Edwnrds Heat Treating
Elmim Heal T=tmg Inc.
ingIpeend Ik!Il 'In!!11!x..

Erie S!ccI Treaung Inc.
Euctid Heal Treating Co,
Fenlon H Treating
FIamt MeI1ll Proeessin
FI'M' Ipsen Heal1're#Iin
Genenilileal 1reating
General Metal Heal,

Treating Inc.
Gibson Hell Th:aI
C!I!1<l fbpI.d.. Comrn:rcilII

llcall'=ting Co.
H & S Ik:J( TreaIing
H:msoo-Balk Sled TrcaIin
Harmi lRicl!!no!;d Inc.
Hi·Tedl S!ccI Trealinglnc.
Horizoo Sled 'il:kali:nglnc.
HTQ, 0:!rnmcItial

L~
Industrial Mew Treating
lndusIriaI SIllcI1're:!ring Inc.
JIISCO HeIIl 'Im!1U!g1n!:.
KcowalW Heal Treating Co.
lindberg Henl li'e.a1ing Co.

-!Hoo.<lon
I.Jndbcrg Ileal Treating Co.

I!W Berlin
lindberg Heal ~1ing Co.

--Racine
II!.mdbcrg ~.Jc:aI1ieaIing Co.

--Rosemont
M MHmtTmu!
Merit Gelir Corp.
MetalllIlpro"ement Co.

-CoI1lI1IOOs
MeIa.I ~~ Co.

-Milwaukoe
Mdal Treating Inc.
Mda.lJurp:alllX.
M~Co.
Mel-Tel. Inc. Jiwna.s
Midland Metnll1'eaIinll,
Midwt'Sl FImtr Hmdenin '
MidwesIcm Machinery Co.

0akIa!ld Metal1'mIIing
P!!uIo~Co.

-Na...<hviUe
.i>enn.'Iylvnnia. Metallurgi.cal
~ Heal.Treatin loc.
:~'C Sleel Treating
Racine Heal Treating Co.
SOlar AllOOSphem !!!C.
Speda11)' SlCel1i"cating .Ioc.

'ngloo Hills
SuperiO!' MeW Th:ating
Syracu.·;c Heal Treating
1'ractecb Inc.
Treat Jl Me!ab
Univmal Heat Treating
W!lShl!lg1on Metullurgfcul

Serv1.IleS, , I
':, IWestside FIl!mI: f~

I

JASCO HEAT TREATIING, 'N'C. I
Where Quality IS Ptiotitv= 1

- -

Bad~ Tbermal
l'rIxeli.<in D-.illas

Bod)'COle 1'I:!em!!!I
Pro=sil\g--fI. Woob

LindIJeIJ Heat Tl'eaJing Co.
-HOO5lOll

Undhcrg Heat Treating Co.
--New Bertin

~ HeaI~~ICo.
---Rl!dIesu:r

lindberg Heal Trea1ing Co.
-RlEe1llllll1

MeliabCo.

Jaseo's highly skilled team stands r,eadv to
assist your company with all of its,heat trsat-
ing needs from providing quotes Bnd offering
technical assist&ncB'. .

IBRAZING
A.RC, - Pifco
Abbot! Purnace Company
AJ,u~,Corp,
Moo Hea! Tll:aling, Corp.
A.mcrican Brazing
Benllell Heal Treating
BodycOlC S.W. Inc.
Bod~ 'ThcttnaI

~.g-:0aIW
Bodycotc ThennaI

~WOIth
BodycoIe 'Thermal

~ng(Wesl)
Brazing & Metod Treating

<lrKY
Brazing & Mdal Trr.ming

of IN
CertifJed Heat TreaIit1g Inc.
Cettified Metal Cmf!
QiCllf,Q loducIloo
CoIcm;)l1 Cotnmen:ialileal

1'n:I!ling
DelaV'O!!l SIet:Ili'e.a1ing
Drever Heal Treating
Dynamic Metal Trel!mll
Ensl Carolina MelD.!

li'e.ati ng Inc.
Elmira Hl!al TreaIi.J1gme.
FenlOO Heat Tl1!<u.i.n-
FImnc Me!aIs ~.mg
Auxll'ol ManufllCl1!ring. Inc.
FPM Heru Treating

-Ellt Grove
A'M Ipsen HeaJl 'I'i'ealing
flBllklin SI!1:d Treat!1I Co.
Gcncmllieat.1'reating
Gibson Heat TINI. :Inc.
Good Eartb'IOOls. Inc.
:Haunil Rid!m!lIld Inc.
mTccMetaI Group

~
I:Iird:dla Heal. 'Ilt:aing lin<:.

-AJ!Ibeim
tIln!bIi!a' Heal. Thabng Inc.

-Dallns
Hird:t\i!llr Heal. TI'CIIIing Inc.

-T!Il2oUIa

Salt !lina,la Furnaces 3ij"l!24'l(S5'
Vllcuum

Carburizing
Gas 'Nitridingl

Induction Herdening/Annealing
'Cryoganlc Tre8tma ntto .J20°F
IFullStraightening: Capabilities

Spherodizing
AgB Hardening

Full MetaliurgiCllllab
Truckingl Aaet to Service thll Northeast

Our ,entirll piant qualifies to the latest
MIL spac 6875, and 6088. NADCAP

Calt!fied/OS9OOD IGoal of Apnll999.

HUD'APACK
RCIAl HEAT TREATING

AUSTEMPERING
SALT Tal SAJJ
CRlOGElIIlC

.' Ion Nitriding S~ecia'lists
•.featuringlEco~Glo
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.. Contact James B,.Smith 1111fo:r

technical consultation & quctaticns.

I Ac_clI~ 'I~n l~~tnllio in
10010 S. Millar ~~~r_
South Il;ltl', leA !11121111
Phon.,I562-!l2J.1868
F_x 562,921.&5911
Web www.lll1iftlm-tarl.cam
email ;bs;mil@BlllthlilJk.nlll
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• HEATTREATINiG SEiRV1CES DIRECTORV _

&dyro!e 'I'hertnaI
Process-illg-DalJas

Bodycote Thermal
IPnxessinll-FI. Worth

&dyt:oleThenml
Processing (West)

Bmddock MetaIl.wgical
Braddock Mctllliurgical

-Alabama
Brite Metal '!'mating Ioc,
BUfbaok Steel Treating, IDe.
Cal·Doom Dh,il.ion
CaroI:in.a Commerciol Heal
Caterpillar Industrial

Products Inc.
Centr.lKentucky

Processing
CenIW)' suO etaI Trealing I

Certified Heat Treating Inc. I
Clncinnati Gear Co. I

Cincinnati teel Treating
City Sl«ll'reating IDe.
Coleman CQfI1mm:ial Heal

Treating
Commercial Sleel Treating

I Delavan Steel Treating
Detroit S"",I Treating Co.
Diamond Heal1'reating Co.
OWe Real Treating Go.
OWe Machine & Heal

Treating !nc.
Drever Heat Treating
Dynami.c Mew! '!'mating
Ease·Lind tkal Tie;!!
EasI Carolina Metal

'Il'ealing :Inc.
EdWards H~t Treating
Elmira Hent Trealing Inc.
~ Heal Th!at IDc.. I

Erie SfeCl1'reating Inc.
Euclid Rent Treating Co.
Falr&ld Mfg. Co.
FeinblaQld~g LId.
Flame Mewls :I'rocessmg
PPM Heat Treating

-Elk Grove
PPM Ipsen Hew:Treating
FPM MiIwI1uk:ee
Franklin Sled Trealing Co.
General Heat T!e;.lting
G:nernI ~ Heal

Treating loc.
Grand Rapids. Comrnerc.ial

HC311Teating Co.
H& S Heal lI'W.liDg
Hauni Rid!mood Inc.
Heal Treat Corp. of

America
Heat-Trearin Inc.
H! TecM~!al GTOI.!P

--Cleveland
Hinderli.ter Heat.Treating

loc.-Anahcim
Hinderliter Heal Treating

1Jx:.-Dalhis
Hindeili1er Henl Treating

lnc.- Tarzana
A.P.e. - Pifco HinderiiICt' Heal Treating
Abbou ~ Company Inc.- ThIsa -

, ABS MetaIlu:rgicaI Hi·Tecb SICcl1iil:Wng Inc.
ProcCSSOOl me. Horizon Sleel Treating Inc.

Accurale Steeli Treatillg HTG Com.merciai
Advaooed Hel!l Treating Inc. Induction
Advanc.cd Metallurgical Hudapadk~khom

Technology Huron Mel1lllu:rgical III\:.
Advanocd Thermal llIilma Heal Trea!inglnc.

Technologies. loco Impact S!m!egies Inc.
Albany Mellll Th:lIting loduclion Metal Treating
Alc<) Hen! t~~g Corp. Industrial Mcll!l Treatillg
Alliance Me!al 'l1'eruing InWJstrial S~J l'reating Co.
Alpha &.aI. Trea!CI'SJ 1.ndusIriaI' Il.'d Th:aring Inc.
AmericM 1kaITrea!ing tronJ:umd Hm! Treating
American Melll.l~ing JIl'!('() Heall'teatlng Inc.
AIllIlI'icmI.MeW Th:aling Inc. JCS Engineering &
Beehive Heat Tteating loco Development
Benedid.·Miller loco ·lake Coonty Sleel1're.1!l.ng
&fIIl!:tI Hew 1'rwl~ La",TeIICe Industries Inc.
Bodycote S:W .. Inc. Lindberg Heal Treating Co.

28 GEld" TECHNO~OIlY

Hitech Mc!aIlwgical, Co.
I Horizon Sleel Treating Inc.

aro Commercial
Induction

HfG Hiteeb Aero Divisioo
Hy-'Vac Techoologies loco
Inlpact Strategies loco
Induction Metal Trealing
lodI.icrohc:il Inc.
lodY>lrial Steel 'JIm!Iing
Kowalski Heat li'ealing Co.
lindberg Heal Th:a!irng Co.

-BetJin
Lindberg Hen! T-ung Co.

-New Berlln
, UndbeQj Hen! Treating Co.

--Rosemont
Lindberg Heal. TreaJ.mg Co.

-SI. Louili
Magnum Metal: Treating
Mannin~ U.SA.
Meri! Gear CO!}).
MetallInprovem::nl Co.

-McLcanlWidtita
Metal Treating Inc.
Me!al Treating &. Reseatcll
MetaIlutglCllllnc.
Mewls Technology
MedabCo.
Modt:m Indus.trih Inc.
Modt:m Mew Processing
Nationalloduction Heating
Nitro- Vue Hen! Treating
o & W Hen! Treat ..!nc.
,Paulo Pmd!!CIS' o,

-St Louis
Pennsylvania Metallurgical
Precisioo HealTIWiJ!g
Progrwive S!=l Treating
Racine Heal Treating Co.
Solar Atmospheres Inc.
Sonee Hen! Treati~g Corp,
Specialty Hem Treating me. I

-Alhcns
I SpecWty Hew Trealing Inc. I
I -Elkbrut
I Specially Heal 'T'mlling Inc.

-Grn!!dRapids
Specialty Heal Treating ..Inc,

-Holland
Specially Stoe11'lca!.in!l1nc.

--famIi~gtOO Hills
S~ITrealing
SUDCOOlit Heat Treat, loco

-Tampa
Superior Mell!l1'rea.ting
S)'filCIJSeHeal T-ung
Thermal Braze me.
'Thermal Treatment Center
Thermo Electron Me!al

Treating Diy.
Wall Colmoney Corp.

-Bedin
Lindberg Heat Treating Co.

-Houston
Lioo.lk.'I'!lHeat Treating Co.

-Melrose P;uIk

I.indberg Heal Tren!iog Co.
-New Berlin

Lindberg Heat Treating Co.
-Racine

.l..iJxhrg Heal TreaIirt! Co.
-Rocbesll:r

Lindberg Heal Trealing Co.
-R05eIIlOnl

Lindb!:rg Heat Treating Co.
-SL Louis

Mngnum Mew! Treating
Meri! Gear Corp.
MCIilIIJnprovemcn\ Co.

-Co.lumbus
Mclal Improvemenl Co.

~aye!le
Metal ImprovemI!nt Co.

-McLcanlWi.chilllJ
Mew'l'reatil1S I!!e.
Metal Treating Inc.
Metal Treating & Research
MclalJu:rgicaI Inc.
Mel3l1lltgicai 1I'rocwing
Metals Engineering Inc.
Metals Technology
Mctlo.b Co.
Metro Steel Treating
Mcl- Tek loc.--CI.ockmnas
Met-Tek IIX'.-Rucinc
MidI:md MeIal TreaIing loco
Midwestem Machin<:ry Co.
Modern Indus!ties Irn:.
Mounl1lin MetaIlurgical

Iltiooal Broodt
!LiooaI McQJ Processing

Oaldand Metail Treating Co.
Ohio Mc!aIll.llJlical Service
Paulo ProdUCIS 'Co.

-Bessemer
Paulo Products Co.

-KmIsas City
Paulo Products Co.

-Memphis
Paulo Products Co.

-Mwfreesboro
Paulo Pmduclli Co.

asb'iille
Paulo Products Co.

-SI. Louis
Pennsylvania Metalhagical
.J>etcrs Hent Treating Inc.
.Phoenix Heal. Treating loco
Precision Heal1'rcating
Progressive Steel Treating
Racine Heal Treating Co.
Rochester Steel Treating
Rotation Products Corp.
S.K.S. Heal Ttelliinglnc.
~ Mew! Tedmology
Soo:lheasu,m Heat Treating
Specialty Hem Treating Inc,

-A.lhetlS
Specl!!lly Heal 'Im!ting Inc.

--Bkbart
SpecillJty Heat Tte:llinlllnc.

-Gr.md RlIpi~ .
Specinlty Heal Treating Inc.

-Holland
Speciall)' Stecl 'Jlrw.ing loco

-Fannington Hills
Specl!!lly Su:el Treating loco '

-FfIISeI"
SIlIIC Heat Treat Inc.
Steel Treaters, inc.
Su:cl Treating
Su_ Heat'Iia:.~ Inc.

--ClriruxIo
Suncoas.t Henl Treat. loco

-':Pompano Bench
SullCQ!!S! Heal TIel!!. Irn:.

-Tampa
Superior Me131l'realing
SyracU!ie Heal Tn:ming

T. . Woodworth 11K.
Tberm Tech or Waukesb!l,
Thermal Mellll Treating Inc.
Thermal Treatment Center
'Ibe!mo EIe!:otx1 Metal

'i=lingDiv.
Thermo Treala'S LId.
Tractech Inc.
T\'eal All Metal...s Inc.
'Truu:c indlIStriCS
Universal Heal Treating
Washillll'oo Mew!lurgtcai,

Services
Weiss loousmcs Inc.

A.F.C. - Pifco
AbboIl.Fumace Company
ASS MdallurgjcaI

~Inc.
ccurate Steel TreaJing

Advanced HeaI.1'reating
Advanred Mew!lwgical

Tedtoology
Advaoced The!maI

Thcbnologies. Inc.
Albany Metal Treating
Alee Heat Treating ,Corp,
AIllam:e MeUll TreatinB-

Alpha Heal. Treaters I
A.merican Heat Treating Inc.
Acmeriam Metal l'nIcessing
AIIx:rica!l I\1eiaI T!ef!!lng Inc.
Al~Westsbore
Beebive Heat nesting [!\C.

Beoedict·MiLler Inc.
Berme!t Heat Treating
Bodycote S.W.lnc.
BodycOle Tbermal

Proces.mlg---,Oallas
Bodycote ThennnI

Pto!:es.'lIDll'-'PL Worth
BodyCOle Thermall

Processing (West)
Borro.ak Corp.
The Bowdil Co.
Braddock Metallurgical
B.rndOOck MewlIwgical-~
Brite Metal nesting Inc.
Burbank Steel Treating Inc.
Cal-Doran Division
Carolina CoinJ:neocilll Heal

TI'eating
Cale!pilliu- Industrial

Products Inc,
Central Kentucky

i'n:x:t:ssing
Centwy Sun Melal T~.J:ing
Certified Heat Treating Inc.
C~MetalCIlIft
Cincinnati Gear Co.
Cincinn.ati Steel Tmlting
City Sleel Treating Inc.
Clearing Niagara
Coleman Commercial Hcal

Treating
Commercial Steel Treating
Cu lorn Heat Treating Co.
Delavan Steel Trealing
Detroil Steel,Treating Co.
Di3lllOl1dHeal1reating Co.
Dixie Heal Treating Co.
Dixie M!lChine & HMil

Treating loco
I>re¥er Heal Treating
Dynamk: Metal Trea.J:ing
Easz CaroLina Metal.

Treating Inc.
EI!s!·Lind Fleal Trea!
Eckel Heal Treat
Edwards Heat l'reating
EJmim Hcal 'Il'ealing .!nc.
~H~n.U;IC..
Erie Sleel Treating loco

Euclid Heal Treating 'Co.
FairtIcld Mr~, Co.
Feinblanking Lid.
FenlOO Hen! Tn:ati!!!l,
Flame Metals Processing
,Fox Steel Jl-ealing en
PPM Hen! Treating

-Elk Grove
FPM Ipsen Heal Treating
fPM Milwaukee
Fnmklin Steel Treating Co.
Gear Company of America
General Heal T!eating
Ge-~ral MctaI Hea!

Th:lIling Inc,
Goo. H. Porter Steel

1iutingCo.
Gibsoo Heal 1'reaI loc.
'Grand Rapids ~I
Heal Treating Co.
H &. S Heat Treating
Hllnsoo-:BaIk Steel Treatin
Hal!lli Richmond I!!e.
Heal Tie;!! Corp. of

America
HIll!I·1'reaJjn.g Inc.
mTecMe!al Group.

-ck:~land
I HindcI'I.W:r .!:IJ:aI1realing Inc.

-Anaheim
Hio!trli!er JbTreI!!i!!g h.

-Dallas
Hio!trlirer HeatTreaIing 10;:.

-Thrzana
Hinddli~ Heal ~.loc.

-Tuha
Hi-Tech Steel Treating Inc.
Horizon Steel Treating Inc.
Horsburgb &. Scot! Co.
lITG Commercial

Induction
H-!I!II!p!IC.k-EIkhom
Huron MelalJurgicalloc.
Illiana Heat Treating!nc.
1mpooI. Stmtcgies Ioc,
induction Metall'renling
Ird:isuial Mew! i'reaIl!1g
lodu....mw Steel Treating Co.
Industriall Steel Treatiog .Inc.
Ironbound Heat Trealing
Irwin AlliomaJ.ion Inc.
JaKO Hsi 'l'mlting Inc.
I..alw County Steell'reating
Lawrence [ndusrri.1lli Inc,
Lindberg Heat Treating Co.

-BdJin .
I...i:lxIDcrg Heal Treati:ng Co .

-HooSlOO
Lindq Hen! Treating Co.

-Melmse Park
Lindberg Heal Treating Co.

-New Berlin
LindbergHeatTteating Co.

-Racine
I.indbeq Heal ~ Co.

-Roches~
Lindberg Heat. Treating Co.

-iRosemonl.
Li.1!!lbetgHeal im!!ing en

-SI.J...oois
M & M Heall'renl
Magnum MelallW!!ing
MII5~ Heal Treating 'loc.
Merit, Gear Corp.
Melalln1pmvel'!lCl!l Co.

oll!lllbu.!l
Me!!!llmprovemenl Co.

-Lafayette
Metallfi\prov"ment Co.

-McLeanlWicbita
M.i!taI Th!aIers Inc.
Metal Trea.Jing Inc.
Metal Treating &. R=b
Melallurgicallnc.
Metallurgical Processiog
Mewh Engint.ering JI.::
Mc!aIs Tecbnoqy
Me~lIbCo.

Melro S!=I. Treating
Mel-Te:k Inc.----Clackamas
Mel·Tek Inc, - acine
Midland Metal1'rea!ing
Midwe~m Machinery Co.
Modem Indusmcs loco
Mountain Metallurgical
National ,Broocll -
National MetaiProccssing
Oakland Metal ireati:ng Go.
Obio Melailu:rgical Servia:
P & LHem Treating &.

Grioomg
.I'an:ek LI!bom!O!ies Inc.
Paulo Products Co.

-Ik,-<;cmer
Paulo Products Co.

--I<ama; City
Paulo PrnducI:i 'Co.

-Memphis
Paulo Products Co.

-Nll.'Jlville
Paulo I'n:xIuru Co.

-SL Loui
I'ennsylvqnJa Metaltu:rgical
Peters Heall'ren.li.ng loco
f'IIoenj;( Heal Treating Inc.
Pitt- T.,.. Inc.
Precision Heat Treating
Prog=sive Steel TIWing
Recine Hen! Treating Co.
Rochester Steel Treating
Rotadon Prod!!CIS Corp.
Sbore Mew! i"ocbnoIogy
Sona: tkaI i=ling Cap.
Southeastern Heal Truong
SpeciallY Heat Treating Inc.

-Athel1s
S,pec.illlly Hem Treating Inc.

~EIkhan
Specialty Hen! T=ling lnc.

-Gnmd Rapids
Specialty Helll Treating Inc.

--HolllIJ'Id -
Specialty S"",I Treating toe,

-Farmlngwn Hills
Speciall)' S!=I Treating Inc.

-Fraser
Stme Heal Trent III\:.
Steel Trearers, loco
Su:el1'ren1ing
Sunooasl HeaI.l'reaI,loc.

--OrIa!!do
Sl!JlCOO.stHeal1'real, Inc.

-Pompano Beacb
Suncoast Heal Tmil. Inc.

-Tampa
Superior Metal1'reating
Syr-acuse Heal1'reatini
T. N. Woodworth Inc.
Thenn Tech of WaukeSha
Tbermal Metal Treating
Them!aI 'l'reatmenl CenJer
1beono Eioctron, Me!al

T-ung Diy.
TheI'TJlO Trearers LId.
Tractech Inc.
TrealAIi MetalJ> Inc.
l'ruIeC IndlIstrics
Universal :I,feat Trear.in.g
Wa.Wttgtoo Metallurgical

Services
Weiss Industries loco
Wes!Side Flame Ha!dening

'QBYQGENICS
ABS Mcudlwgical

·~Inc.
~ !eel Treati!lg
AdY.lnccd Thermal

Tecbn.nlogic.~.loc.
Aloo Hcal 'l'lreaJing Corp.
Alliance Me!al Treatin
Alpha Hew:T_
American Brazing
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American Cryogenics, Inc,
American Heal. Th:orlil!g
A=rican Mcral'l'rea!ing Inc.
Applied Cryogenics me.
Beehive Heat Treating Inc.
Benedic!-MWcr lac.
Bermett Heal Treating
Bodyoote S.W. inc.
Bodyeote 1lIermaI

Processing=Dallas
Bodycore Thermal

Processlng=-Pt, Worth
Bmddock Merall!!Jgical
Braddock Metallurgical

~A1abama
Burbank Steel Treating Inc.
Cal-Doran Division
Carolina Commercial Heal

Treating
Cenmry Sun Metalli"ealing
Certified Heal Treating iIIc.
Certified Metal Craft
Cincinnati Gear Co.
Cincinnati Steel Treating
Cily Steel1'reatinglnc.
Delavan Steel Treating
Detroit Flame Hardening
DeiIDil SreeJ Treating Co.
Dictie Heal Treating
Drever Heat Treating

, Dynamic Metal Treating
Easl Carolina Metal

TIea!ing Inc.
East-Lind Heat "fieal
Edwards Heal Treating
Elmira Heal11reaJing In!;.
Engineered Heat Treat Inc.
Erie Steel Treating Inc.
Euclid Heat Treating Co.
Fel:LI.oI1 Heat Tteating
Flame Metals Processing
Pox Steel Treating Co.
FPM Heat Treating

-Elk Grove
FPM Ipsen Heat Treating
FPM Milwaukee
.Gene!aI He.11Treating .ox1"
General Metal Heal

Treating Inc.
Gee. H. Porter Steel

Treating Co.
Gibson Heal Treat Inc,

1 Hansen-Balk Steel Treating
Hauni Richmond Inc,
Heat-Treating IIIC.
Heat Treat Corp. of

America
HIThcMetal Group

-Oevelruxl
HLnderllter !ieal1il"eating Inc.

~Anaheim
Hinderliter .Heat 'l'rea!ing Inc,

~Dal.Ias
Hinderliter .Heal1il"ealing Tnc..

~Thnana .

Hirnedirer Heal Trea!ing Inc,
~Thlsa

Hi-Tech Steel Treating Inc.
Horizon Steel Treauug Inc.
aro Commercial

tnduction
HTG Hi!edl Aero Division
Hudapack~Elkbom
Hydro-Vac
Hy-Vac Technologies Inc.

, Illia!!<! Heal Treating Inc.
Impact Strategies Inc.
Induction Metal Treating
JndDslriaJ Metal Treating

I loouslrial Srecl Treating tllC.
Ironbound Heal Treating
Irwin AUloma.r.ionInc.
J!!SeQ Hea.t TheatinlllDc.
Kowalski Heat Treating Co.
Lindberg Heal. Treating Co.

~Berlin
Lindberg Heat Treating Co.

=Houston .
301 GEAR TECHNOLOGY

Lindberg Heal Treating Co.
--Melrose Park

Lindberg Heat Treating Co.
-Racine

Lindberg Heal Treating Co.
-.Roserno!J[

Magnum Metal Treating
Master Heal Treating Inc.
Metallmprovemenl Co.

~olY!!)bus
Metallmprovemenl Co.

~Mcl..canlWi.chilll
Metal Treaters Inc.
Metallurgical Inc.
Metals Engineering: Ioc,
Metals Technology
MetlabCo.
Metro Steel Treating
MIlI.-Tek Inc.--Ch!!;:kamas
Midland Metal Treating
Modern IDdustries Inc.
Mountain Metallurgical
Nitrex Metal Ted!oologies

mc.~Burlington
Nitro- Vac Heal Treating
Ohio Metallurgical Service
Paulo Products Co.

-"B==r
Paulo Products CO.

~Kan.'II\S City
Paulo, Products Co.

~Mempbis
Paulo Products Co.

-Mutphreesboro
Paulo Products Co,

~Nashville
Paulo Products Co.

-St.Louis
Penna Flame Industries Inc.
Pennsylvania Metallurgical
Peters Hoo! Treating Inc,
Phoenix Heal Treating Inc.
Pitt-Thx Inc.
Prog!e.o;siveSteel Treating
Racine Heal Treating Co.
Rochester Steel Treating
Rotation Products Corp.
S.K..S. Heal Treating Inc.
Shore Metal Technology
Solar AlrOOSpheres IDe.
Sonee Heal Treating Corp. ,
Soo!hea.<tern Hear Treating
Specialty Heal Treating Inc.

~Athens
Specialty Heat Treating Inc.

~att
Specialty He!!! Treating Inc,

----Grand Rapids
Specialty Heat Treating Inc.

---cHolland
Specialty Steel Treating Inc.

--'Fraser
Steel. Treaters, me.
Steel Treating
Sun Steel Treating
Sl!IlCOIISlHeal Treat, Inc.

-Pompano Beach
SUI1COOSI Heat Trear, Inc.
~Tarnpa
Superior Metal Treating
Syracuse Heat Treating
T. N. Woodworth Inc.
Thenn Tech of WUlLkesba
Thermal BI1IU Inc.
Thermal Metal Treating
thermBl Trealn!enl Cenlcr
Tbermet Inc,
Thermo Electron Melal

Trea.ting Div,
Thac!ech me.
1'=.1 All Metals Inc.
TlUlec Industries

1 Univeool Heat Treating
Walker Heal 1'reaIi!lg
Washington Metallurgical

Services
Westside Flame Hardeaing

DIE OllENGHING
AfT. ~ Pifco
Beehive Heal Treating
Benedic!-MiUer Inc.
Bennett Heal Treating
Burl!anIi: Stool1fealing
Caterpillar Indu.'(lrial

Products Inc.
Cemury Sun Metal

Treating
Certified Metal Craft
Cincinnati Gear COo.
Cincinnati Steel T"n:a!iog
Detroit Steel Treating Co.
Dynamic Metal Treating
F.ngineem:I Heat 'ImIt IDe.
Euclid Heat Treating Co.
FrrutleldM(g. Co.
Fenton Heat Treating
Fox Steel Treating Co.
Franklin SteelTreating Co.
General Melal Heal

Treating Inc.
Gibson Heat Tearing

I The Gleason Works
Grand Rapids Commercial

Heat Treating Co.
Hea! Treat Corp. of

America
HTG Commercial

Induction
Hy-Vac Technologies Ine.
Illiana Heal Treating Inc.
Industrial Steel Trcatlng
Ironbound Heal Treating
John V. Potero Co.
Kowalski Heal Treating
I..indbeIg Heal T~g Co.

~New Berlin
~ tb!l Treming Co.

-Racine
I..indbeIg Heat.Treating Co.

~RosemQnt
Metallurgicall'nc.
Metals Technology
MeLlabCo .
Ohio Metallurgical Service
Paulo Products 'Co.

~Bessemer
Paulo Products Co.

~Kansas City
Paulo Products Co.

--':Mempbis
Paulo Products Co.

-SL Lo\Jj5
Phoenix Heat Treating me.
Roooduetion Thermal

Processing
Rolatioo PIIXI\JctS Corp.
Solar Atmospheres Inc.
SpeciallY Steel Treating

Inc.--':Parmington Hj]].
SpeciallY Steel Treating

Inc.-Fraser
SUD Steel Treating
Tberm Tech of Waukesha
lieal All Metals Inc,
WashinglXm Metallurgical

Services
Westside Flame HaJdeni.ng

FlAME HARDENING
Nco Heal Treating Corp.
American Heat Treating
Beehive Heal Treating Inc,
Benedict-Miller Inc.
Bennett Heal Treating
Bodycote S.w. Inc.
Bodyoore Thermal

Processing--Ft, Worth
The Bowdil Co.
California Surface

Hardening Inc.
Calumet Surface

Hardening

Certified Heal Tieating !JJc.
Chicago Flame Hardening
Chicago Induction
Cincinnati Flame

Hardening Co.
OillcionaCi Geareo.
Cincinnati Sleel Treating
Clearing Niagara
Cleveland flame

Hardening Co.
Coleman Commercial

Heal Treating
Detroit Flame HaIdening
Detroit Steel Treating Co.
!)rever Heal Treating
East-Lind Heat Treal
Edwards Heat Treating
Erie Steel1'reating Inc,
Flame Hardening Co. of

California
Pox Steel Treating Co.
Franklin Steel Treating Co.
Gibson Heal Treal Inc,
Good Earth Tools
Grand Rapids Commercial

Heal Treating Co.
Hansen-Balk Steel.

1'reaLing
HalJrn Richmond Inc.

Processing=Dallas
BodyOOle Tbermal

Precessing-e-Ft. Worth
Braddock Metallurgical
BwOOnk Steel Treating
CiJ-Dooin DivisKm
Carolina Commercial Heal

Treating
Caterpillar Industrial

ProdUCIS Inc.
Certified Heat Treating
Certified Metal Craft
Cincinrati Gear Co.
Cincinnati Steel 'lreating
CilY Steel Treating Inc.
Commercial Induction
Commercial Steel Treating
Detroit Steel Treating Co.
Diamood H.eal 1:reatin.g
East Carolina Metal

Treating Inc.
Edwards Heal Treating
F.ngIneered EkaI 'I't:wilmc.
FairllcldMeg. Co.
Fen!on Heal Treating
Flame. Mews Processing
!'PM Heat Treating

~EJkGrove
A'M Milwaukee

Heat-Treating Inc, Franklin Steel Treating Co.
Hinderliter Heal Treating General Metal Heat

Inc.~Thlsa Treating inc.
Hi-Tech Steel Trealbtg l:nc. Gibson Hea; TreatInc.
Houston flame Hardening HaDSOII-BaLkSteel
Illiana Heal Treating Inc. 1'reating
fudUClioo Melal1:rea.ting Heat Treat Corp. of
Industrial Me.taI1'reating America
lascoHeat '&"eating Inc, Heal-Treating Inc.
John V. Potero Co. Hinderliter Heal Treating
.Kowalski Heal Treating Inc. -Al\aheim
M & M Heat Treat Hinderliter Heat Treating

1 Metal Imprevement Co. m.c.~'farz.ana
-McLeanlWichita Horizon Steel Treating Inc.

Metal Treating Inc. H=burgh & SOOII Co.
Metallurgical Inc, HuronMetallurgical Inc.
Mel-Tek 1nc.~lacKamas lilian;! Heal Treating Inc.
Met-Tek IrIc.--:rucme Induction Metal Treating
Michigan Flame Industrial Metal Treating

Hardening lndusirial Steel Treating
Mid-West flame Kownlski Heal Treating

Hardening Lake County Steel
Midwestern Machinery Treating
National Induction Heating Lawrence lodustries Inc.
Ohio Metallurgical Service Lindlx:rg Heat 1reating Co.
Penna flame [ndu<tries ~Berlin
Pennsylvania Metallurgical Undberg Hesr'Ireating Co.
Revas Engineering Co. ~HOIlstOll
Specialty Heal!Treating Lindberg H.emTreating Co.

Inc.~Atbcl!S ~Melrose Park
Steel Treaters, Inc. Lindoerg Heal 'fieal:ing Co.
SUll<:OO5!Heal Treat, Inc. -New Berlin

--Orlando Lindberg Heat Treating Co.
S!IllC(la.'<IHeal Treat, Inc. ---IUtcine

~Pompar!o liIeaJ:h Undberg Heal 'Ireatlng Co.
Suncoast Heal Treat, me. ---;Rosemool

~Tampa Merit Gear Corp.
Superior Metal Tmting Metalimprovemen! Co.
Syracuse Heal Treating ---;Lafayene
Thenn Tech of Waukesha Metal Improvement Co.
Thermo Elecl!"OllMetal ~Mcl.ean.M'ichita

Treating Div, Metal Treating Inc.
Thermo Treaters lid. I Metallurgical Inc,
West.ide Flame Hardening i Metals Technology
Wahlert Corp, I Metlab Co.

Met-Tek Inc.~Racine
Midland Metal Treating

I Mid, West flame
Hardening

National Bruoob
I Notiooallnduction

Heating
Nenleson Steel Treating
Ohio Metallurgical Service
P & L Hear Treating &

Grinding
PhoeniJo: Heal Treating IDe.
Pin-Tex me,
Progres ive Steel Treating

FREE BUENClIING,
A.F.e. ~ Pifco
ABS Metallurgical

Processors Inc.
Alliance Metal Treating
AP Westsbon:
Benedict-Miller Inc,
Bennett Heal Treating
Bodycote S.W. Inc.
BodycOie Thermal

Rotation Products Corp.
S.K.S. Heal T"",ting Inc,
Scot Forge
Soeee Heal Treating Corp.
Specialty Steel Treating

me. ~FanniJ)lltoo Hills
Specialty Steel Treating

Inc.~FIl!Ser
Stale Heat Treat Inc.
Sun Steel Treating
Suncoast Heat Trear, Inc.

-Pompano Beach
Superior Metal Treating
Syrecuse Heat Treatinll

, T. N. Woodwonh Inc,
Tbermal Trearment Center
Thermo Electron MeIJll

Treating Div.
Treat All Metals Inc.
Walker Heal Treating
Wes1.sideFlame Hardening
WoJtlert Corp.

Advanced Metallurgical
Tecboology

Advanced Thermal
Technologies. Inc.

Aka Heal Treating Carp.
Alpha Heal Trearers
American Heat Treating
Auoospbero Annealing
Beehive Heal Treating Inc.
Benedict-Miller Inc ..
Bennett Heal Treating
Bodycote S.W.lnc.
BodyCOle Thermal

Processing=Pt, Worth
BomakCorp.
Burbank Steel Treating
Carolina Commercial Heat

Treating
Centml Kentucky

Processing
Cenrury Sun Metal

1'rwing
Cerufied Hea! Treating me.
Certified Metal emf!
Cincinnati Gear Co.
Cincinnati Steel Treating
City Sreel Trearing Inc,
Clearing Niagara
Cleveland flame

Hardening Co.
Commercial Steel Treating
Custom Heat 'realbtg Co.
Detroit Steel Treating Co.
Disstoo Precision Inc.
Dixie Machine & Heal

Treating Inc.
Drever Heal. Treating
lEas! Carolina Metal

Treating Inc,
:Eckcl Heat Treat
EImir.! Heal1'reating Inc.
Engirlemd ILeal:Th!9t [gc.
Erie Steel Treating Inc,
Falrlleld Meg. Co.
Feinblanking lid.
Fenton Heal Treating
Fox Steel Treating Co.
FPM Heal Treating

~E1kG!'Ove
FPM Ipsen Heat Treating
fl>M Mllwaukee

I Franklin Steel Treating
Genem! Heat Treating
General Melal Heal

Treating Inc.
Gibson Heat Treat Inc.
Hansen-Balk Steel



-- ------------,

.. HEATTREATINiG .5E:RVIICE·S DIRECTORV _
l'renr.ing

Hauni 'Ridumnd Inc.
Ileal Tmil COli'. of

Ammca
Heal. T:ren.Jingino:;.
H! TC(;MdI!.! Group

-Cleveland
lfi!!derltla" tkalT~

ino:;.-TuIsa
Hi- ThdI Sled Trca1in8 IJx:.
tbizo!l S~I ~ Inc.
Kar<burgh SCQII Co.
IflUCC!InITlC:I1:ial

10000000oo
Huron MeWll!fgicalino:;.
IIliana HenlTmninll 1=
Indoc!Jon M'em] Ti'et!ting
Lndu.'-!n.a1MeW T~g
1ndusm.J Stotl Treallllg
Irwin AmamulJOIl Inc,
JIjiitO Heat l'!atIng Inc.
JOOn V. l'oIem Co.
Kowalsu tltaI Treatin.g
l.indho::rg Heat T=ting Co.

-Nev. krhn
lIrd:cfg Heal Tre:aling Co.

-Racme
Urd-a& Heal Tm:IIlDg Co.

-R~
I>1lIgnwn Metal TmII"'!

en! Cicm'Carp.
M£IalIm~1 Co.

-Columbus
kin! bnpnM:ment Co.
-McLeanlWdli!8

Tremnlnc.
Mdal Tn:ahng &R~
MdallulJicallnc.
MctJilll!J!lcaJ ~ing
MdlI.I Engineering Inc.
Mem" Teclmology
Mabib' O.
tietro' totl Tn:a:ting

Mel· Tek ..loc.-CIao:lw!!l!s
M~·Tek 'Inc.-R!Icioe
M.idb!nd Me!aI "[realing
Mid- Wcsc, ,FlalM H.urlminll
M~mMac~' o,
M:odem Industries Inc.
Ohiol!lallmgieal ~
PIuIo~, ....

-~mcr
Paulo ProcIut1s Co.

-. .ashville
PauJo~ .

-Sl.~
Pmn>l'lwnilI 1dalIurgicaI
PI10enit Hal TrellliDg Inc.
Pitt-fa Inc.
Progr=i"" Strtl T~
Racine Hcu 'Ii'eaUng Co.
R~la" Steel ~g
RoIarion Prnduas COIJI-
S.K.S. Heal1imttiog Inc.
~ Heal ~nS, CoqI.
Soo!bcas!cm I-kalliutiD.g
Specialty S1l:d Tn:aIilIg Inc.

'armington Hills
Spccililly S~I Ttcalil1l1l:nc.

-Frver
SUD teelliuting
SImcoosI Hem, TreaL !nc.

_-.11 Hear Treat. Inc.

p1IIIO BeaclJ
SYnII.'USCHeal Treating
Th:rm Ted! of W~
Thermal TIWmmI CeIIIa"
Thmno'l"i'e:llenllld
Tn:alAD Metal..lnc.
WIIShmgIoo MeIIIIIW'gICal

SovICCS
WeIss I~ Inc.

IINDIlCTlON
I

Advmced Heal Treat
CoqI.-WaJerloo

Ad~ Hel!I TteaIin!
A\IU ..~ CilfP-
A.Iro Heal Treatinll Corp.
AlptI!! fkaI ~
~ . - i1'ra6!!!(h
Arrmcan, MdaJ Treaing Inc.
Beehive Hw TrcaIinlllnc.
Be!!edia·MiUer Inc.
Benoen IHeaI, Trc:Jling
Bodyeoo: Inductioo

~in
Bodyrole S.W. ,Inc.
Booycole Thmnal

P!'Q(.'es!ling~F!. Wor!h
BroldOOck MCIallurgica.l
Carolina C-OII'lIMrciaI Heat

,reaIinj::
Caterpillar Induw.aI

ProduclS Inc.
Central Kenl1Jcky

Processing
(bit!!!)' unMdI!.! Trea!ing
CertIfied Heal Tre:i!ing Inc.
OLiC'3%oInductioo
Cinciruw.l Gear Co.
cm.:irm!!!J S!ecl1'lWing
Oearin& .iagnm
Cok:man C~ial HCIt

T~
Comrn=iaI Induction
OlCltoor HlII'dc!in Inc.
DeL1V"4!) !eel Trc8ting
Di.Ue MllC~ & Heal

l'real:ing loc.
Dre\Ia Ilea! 1i'e!!lJJlg
Ea.'<l Carolina Maal

Treating loc.
Edwards Heal "l'n:ming
Elmi!'a Heal T.rea.Jing Inc.
EuClid Heal Treatmg, C-o.
Fab1Iekll M!g. Co.
Aame Maal Processing
A!!X!!'OI Mm!ufl!C1ll!'1filllni;.
Fr.mklin S!eel Timing Co.
'Cicm' Company of AIMrica
Geoeral Heat Treating
Gibson HOll1'i'cal Inc.
Good Earth Tooll , Inc.
H' __ H.m T=.Jing
flJRmi RidmIood Inc.
:tkaI. ,=I Corp. of

AlToericI
Heat-Treating Inc.
InTecMdaI Group

~Iand
~ tleaJ: TmIIm!l

!nc.-Annbeun
Hinderliter Heal Trealin

Lnc.-l\!!£;!
Hi- Tech S~J Treating Inc.
HOO'mn Steel Treating Inc.
I:ff(j CoIllmen:LllI

Induction
Hll<IIapadl-EIkhom
miaM Hem Trealifi rnc.
Impw;! s~ Inc.
IDduaion Servil= Inc.
lOOuctioo MeI.III Treating
lDductioo Heal, Tnouing
1rxIuadIeaI1nc.
Indu51riaI ~1cIaI11mu.ing
Indu~ ~I ~n- Co.
In~ Induc!ioolnc.
Ironboomd I~ TmIIil1g
Jasco IkaIi ~ frx.
lobo V. Poo:ro Co.
UMmtt ~ 1!Ic.
~ Heal. Trcaling Co.

-HOIlSIoo
LilIdhcrg Hen Treating Co.

l'!!rl!,
I..in!Ibc:rE Heat Tn:a:ting Co.

-New Berlin
UndbcrJ! Heal. Treating Co.

---Racine
LindOOg Heal Treating Co.

osemonI
Lindhe.rg Heal Treating Co.

.Loui,
Mannings USA

1aster HeallkBting Inc.
MO;l ,Gear COli'.
Mel!!l~· R=h
MdIII lmpm''CfDm1 Co.

-McLean/WJdlira
MCIlIII"moes...mg Co.
MetnI TJUll!n Inc.
Md.aI TreaJinlllnc.
McIlII Trealin & R.e:!;earch
MetllilU!JK:alInc.
Mewis Engineering lnc,
MCI·'ft:k Inc. lao:iwnas
Mel· Thl<Inc. J!ci_nc
Michigan Induction\nc.
Midland Metnl1'realing Inc.
,Modem Industries Inc.
Molon Gear &. SlWt
N!!liooaIInducIioo Heur.in
National Mellll Pm.~g
o &. W Heal Tre.a! Inc.
Oh!o Metallurgical Service
Paulo Products Co.

-KansasCil)1
PauIo~Co.

.empIIis
Paulo Products Co.

ashvirle
Paulo Products Co.

-SL Louis
Pennsylvania MeIlIIlwgical
PilI·Tell. Inc.
Precision Heal T~atinll
Racine Heal l1reru:ing Co.
Revas EngLneering Co.
Roboducilim TheIlTllll

Prooessiog
S.K.S. HeatTreating Inc.
Sou!he<!s:!l:m Heat Treating
Sp!lLWly Hcul Treating Inc,

S~elll1'rcatiJ111Ini:·1
-Gmnd Rapid.

Spccil.d1Y HC!!.I1le;Wng :rnc.
--Hollimd I

S Heal 1'real Inc.
S~I~Inc.
, 10::.1 Treaung
, !!!lCOO>1 He.!! Treai, Inc.

-Pompano \leach
Sunroast H""'. Treat. I:nc.

-Tampa
Superior MaalTreatiD.Il.
Syrncu..-eIi'ea1 Treating
Tbermal Bmze Inc.
lberm!!I MeW T!u!Lng Inc.
'IbemlaI Treenrem CeolCt
Thennct Inc.
ThermoEl!lC!lUn M<tal

Treating Div.
Tocco,loc.
Trea! All Metals Inc.
Wu.shington Metallurgical

Services
Wclductioo CC!I]XiflIliO!!
Weslside IFlame Hardening
Wah,krI Corp.
Zloo II1dIJstries

-Wall:doo
A.dvnnccd Metnllwgica.l

TecImok!gy
A.MT Monroe Inc,
Ccnlllry Sun Met.al11reali
Cinci=ati 'Gear Co.
Fox S~I TfClling Co,
F1?M Heal Treating

-Elk Ot1JV1:
fl'M Ipsen Hl!lII Treating
Hansen-Balk Stotl TmIllng
Ham" IRicI!moI!d Inc. -
HI TecMdaI Groop

--Cleveland:
I-fIG CommerciAl

IndUC'liO!!
I.onc:l. Inc.
Li:ndbctJl Heal. Treating

Co.-RoscmmtI
Magnum Mellll Treating
MP'iAroerica
ProgressiV1: Engillttring
SOOT I\I~ Inc.
Sane!: Heal1l:mir\g Corp.
Sun Stotl ifr<ating
t'bennaI Tiemmenl (biter

Web: www.rI.dyne·.com
E-maU: radyn,e@e'Xecpc.com

Holcroft hastha ability to salVI ~e all 01 your
Holcroft furnace equipmanl neads, We Slock and
manurnctur -to-order a complete lin_ 01 high·
quality replacement parts lor our furnaces. YOL!
can depend on Holcroft for minor furna ee IfflpaltS
or ,8 complate furnace rebUild. We understand
the importance 01 customer satisfaetion and
respond qUlc'kIy to Bverv challenge.

HOLCROFT
12068Market Streel, livOnia', MichIgan 48150 I I

Tel: 17341591-11100'FlI.x:[7341591~

Cincirmar.i Gear Co.
laser Machining. In!;.
NaIiona.I McIlIIl'rooessing
Weiss Industria Inc.

IMETA'l.LURGICAL
Imllt!l
A=n!!I: too Technologic:;
Adwnced Heal. Treat

COIp.-Walerloo
AdVllllttd li'eall'1eatin.g
I\dwnced Metnllurg.iaJJl

Tcclmology
Adwnced Thermal

Tecboologic . Inc.
Ajax M.ttgnl.'tlRnlllc 'Corp.
Alliance Metal trea!inl!
Alpha Heal T=-t=
American Md:d Trealing Inc.
Bmedict.·MHlcr
Beneeu Heal '!kating
Bod~ S.W.1nc.
Body<:c(eThermal

I'rooessitJ&-DalJa"
Bodyaxe tbermaI

1'rocessing~Pl.Wortb
Bodycoo: ThemuI

Proeessin '(West)
Burbank Steel Treating
Century Sun Metal1'reaLing
Certified Me.llll Crnf!
Cincinnati Steel Treating
Delllvnn Steel Treating
Detroit Steel 1'reaLing Co.
Dixie Heal Trea!.il'l
Dynami.c Metal Treating
East·Lind Heul1ieaI
EImim Heat Treating Inc.
Engineenld HeIlIllYal, lLnI:.
Erie Steel Treating Inc.
'Euclid Heal 'Treating Co.
I"liIme Metal. J>rooes.'ing
Gener.!I Heal1'rerumg
G:n!::nII Metal Heat

Treating Inc.
Gleason lI'fauler Hurth

CUttLng Tools
GI'lUId Rapids CbDl!Ilelt"jal

Heal, Treating Co.
HJluni Richrnclnd Inc.
Hneeh Metnllurgical Co.
Hon;burgb & Soon Co.
.IITG Commercial

IndUCLion

Clre!. 111

RADYNIIE,
Innovators in Induction Heating
Turnkey Syst,smsfP,arts/Serv,ice

1-800-236-83601

® Surface" ®
Combustion

-------

'I Providinlilmll mlllt /liverse offering 01eqlli-- -
Ind suppan serviclI' for lie I trll ting lin I wid

I variety' 'Df m.tlrl,IIProeessillll illdJlStri'u.

SUFI FACIE COMB,UlSTIION, INC.
I 1700 Indlon Wood ell'"I." Po. em; 428' .... _ •• OMtl537

Phonl:'IIItIJ)531 _ .14"I'I9I'·1'!iO·Fu:j419111111·115'
E·'mlit ~c.cllmb"!lJO/I.cDm

'Clre'le 169

FAIRFIELD
GWED fOil' EXCElLENCE

COMMERClAllllEAlTREATING
• OVER 6U I'URNACES &i llI£11MAL 1REAJMOO OPERATIO S
• I'ULL RANGE OF CARBURIZING. Nl1RlDi G. NORMAUZING.

ANNEALING. a.UE.NCHING. llMPERING. PEENING.
BlASTING.INDUCnOl S'"lRAIGllTENlf'lG SERVlCES.

, FULL METALLURGICAL lAB
• CONTACT' MIKE BOWEN. MANtiGE.R 13171(7"3414

fAIRFIELD M'ANIIFACIURING 'COMPANY, (NC.
U.S. 52 SOunt. 1',111, IBOX 7940,

LAFAYrn:E, IN 41~7940

ATTENTIONI
GIEAR MANUFAICTURERS,!

This space could be your.s.in our
DirectolY of Gear Manufacturers

May/June 19991

Call Patricial Flam for delails
(847'1'437-6604



•.'•

F,roml your single
source fo,r'compult.erized
.analytica'il and function'al
'gaging systems,
• Gear-Net'" server automaticalty

shares data. for SPC, remote
analysis and archiving.

• Simple familiiar interface ideal for
manufacturing cell operators.

• Unmatched software selectio.n,
including bevel gear machine
correcnon package.

• Pentium- based technol.ogy.
• Complete training and applications

support wilh every system.

3506 Series CNCGear
Manufacturing Process, Control
Systems offer full four-axis flexlib:illtyand
unsurpassed accuracy..Certi:ficatio.nto.
.ommm traceable to.NISTand probe

___ resolunon to .OOO02mm, Vou get
greater productivity, to.o"with up
to.20% faster throughput and
capacities to 95" in diameter.

260 Series Systems provide ali! the
perfonnaace and dUli3Jbility of the larger
systems, but in a compact size that's
perfect for high production parts up to.
10" in diameter.

....' ' ..' .



•••••••.-.-••.'•'.••

'GRS-2,Double-Flank Gear Roller
System comblnes proven performance
with easy-to-usePu compatible sofrware
to make inspection accurate and simple ..
Total composite, tooth-to-tooth and
runout tests determine if parts coaiorm
to specification. Computer analysis lets
users specify AGMA or DIN tandards,

I then determine the class of gear
achieved.

•••

Dimensions Over Pins 'Gage measures
actual tooth thi.cknessat the pitch
diameter. A unique constant-pressure
gaging head assures repeatability and
accuracy over the full range of the gaging
sys~em whil:e greater throughput allows
you to inspect more
parts and reduce----
production costs,

Other M&MPrecision Systems
inspe-cCtion p.roduw:
'. Master Gears
'. Spline 'Gages
'. Variable Spline Indicators
• fixture Gages
• Arbors

Free brochure Call 937/859'-8273
or fax 937/859·4452.

PRECISIIIN
IIYIITEMII
t:IIRPIIRATIIIN

"THE Mel ROLOGY& MOTION PEOPLE"·
CIRCUE 140



_---------HEATTREAT.IING SERVICES DIRECTORY.I ..

Hudapack-Elkhoro
Huron Metallurgical Inc,
Impact Strategies Inc.
InduJ>1rUUSteel Treating Co.
InOO trial Steel Treating
Ironbound Heal Treating
Irwin Automauoe Inc.
Jaseo Relit treating Inc.
Kowalski Heal Treating Co.
Laser Machining. Inc.
Lindberg Heal Treating Co.

-Houston
Lindberg Heall=ting Co..

-New Berlin
Lilldberg Heal Treating Co.

-Racine
Lmdbeq: Heal Trea!ing Co.

-Rochester
Meril Gear Corp.
Metul lmprovement Co.

=-Columbus
Metal Treaters Inc.
Metal Treating Inc.
Metallurgical Inc.
MellabCo.
lIfel·Tel: lnc.~lHckllmas
Michigan Induction Inc.
Midland Metal Treating
0& W Hea!1h:aIInc.
Pennsylvania Metallurgical
Phoenix Heal Treating Inc.
PiIl-TelIC Inc.
Progressive Steel Treating
Racine Heal Treating Co.
Rieliler Precision tne.
ROO/tion Products Corp.
SoneeHeat Treating Corp.
Specialty Heal Treating

=-Grand Rapids
Specialty Steel TreaiingInc,

-Farmington. Hills
Specialty Steel Tn:ating Inc.

-Fraser
Syracuse Heal Treating
Thermal Me!<!! ~g Inc.
Tractecb. tnc,
Universal Heat Treating
Washington Metallurgical

Services
Weiss Industries Inc.
Westside Flame Hardening

INITBID.ING
Abbon Furnace Company
sccorure Steel Treating

Advanced Metallwgical
Technology

Nbany Metal Treating
Nco Heat Treating Corp.
Aruaican MotaJ 1rea!inglnc.
Benedict-Miller Inc.
Beanett Heal Treating
Bodyeote S.w. Inc.
Bodycote Thermal

Processing-Dallas
Braddock Metallurgical
Burbank Steel Treating Inc.
CaJ.-Dor.m Division
Caterpillar Industrial

Products Inc.
Cenlury Sun Metal Treating
C~Lnt1ati Gear Co.
Cincinnati Steel Treating
City Steel Treating Inc.
COllI!llerciai Stee] Treating
Custom Heat Treating Co.
Drevet' Heat Treating

~~I~Z;:tting I

Treating Inc.
Eh:oirn Heat Treating Inc. I

Engineen!d Heal ~t Inc,
Erie Steel Treating Inc. I
Euclid Heat Tren!ing Co.
fDjrfteJd MIg. Co.

34 GEAR TECHNOLOGY

Fenlon Heal Treating
FOx Steel Treating Co.

I FPM Heat Treating
-Elk. Grove

fPM Ipsen Heal Treating
fPM Milwaukee
General Metal Heal

Treating Inc.
Gleason Pfa\.!ter Hunh

Cutting TOOls
G=d Rapids Com~ial

Heat Treating Co.
H & M Metal Processing
Hansen-Balk Sleel Treating
HI TecMetall Group-«

Cleveland
Hinderliter Heal Treating

1nc.-AnlIhcirn
Hinderliter Heal Treating

Inc=-Dallas
Hindet!imr Heat Treating

Inc.-Tarzana
Hinderliter Heat Treating

[nc.-Thlsa
Hi-Tech Steel Treating Inc,
Hori= Swe' Treating Inc.
HTG Commercial

Induction
Hydro-Vat,
llliana Heat Treating Inc.
Impact Strategies Inc.
Jnducti.oo. Metal Treating Co.
Induslrial Metal Treating
IOOustriaI Steel T.reating Inc.
lonex. 11I.c.
lronboaod Real Treating
Jasco Hest Treating 1nc.
lake County Steel Treatil'\S
Lindberg Heat Treating CO. I

-HOOstoD '
Lindberg Heat Treating Co.

-Melrose Parl<
LLndberg HeatTrealing Co.

~New Berlin
Lindberg Heat Treating Co.

-Racine
Lindberg Heat Treating Co.

-Rosemont
Lindberg Heal Tnealing CO.

-SI. Louis
~ril Oear Corp.
Metal Improvement Co.
Metal Treaters Inc.
Metallurgical Inc.
Merals Technology
Metlll·Tec Heal Treating Inc. I

MetlabCo. I

Metro Steel Treating
Mod<:m Industries Inc.
Modem Steel T:reating
Niu-ex Metal Technologies

lnc.e-Burlmgton
Nitrex Metal Technologies

Inc.-Mason
Nitrex Metal Technologies

Inc.-SI. Laureru
Niuonlnc.
Nitro- Voc Heal Treating
0& WHeat Treat Inc,
P & ILHeat Treating &

Grinding
Peters Heat Treating Inc,
.Precision Heat Treating
Rocliesmr Steel Treating
Rotation Products Corp.
&1o!.Forge
Shore Metal Technology
Specialty Heat Treating Inc.

--Bl.ldwt
Special\)' Heal Ttealil'lg Inc. I

-Orand Rapids
Specialty Heal Treating Inc.

""':HoUand
Specialty Steel Treating Inc.

-Farmington HiUs
Specially Steel Treating Inc,

Treating
Century Sun Meta],

Treating
Cincinnati Gear Co.
Cincinnati Sleel Treating
City SteelIreating Inc.
Commercial Steel. Treating NORMAUZING
l)ixie Heat Treating . I AfC. - P.ifoo
Dynrunic Metal Treating i Abbon Furnace Company
.EngineerOO Real Tmt Joe. ' ABS Metallurgical
Erie Steel Treating bK:. I'rocessoo; Inc:.
Euclid Heat Treating Co. Aecwa1e Sleel Treating
Faldleld Mlg. ce, Ad vaaced Heal Treating
Flame Metals Processing Advanced Metallurgic&
Fox Steel Treating Co. Technology
!'PM Heal Treating Advanced Thermal

-Elk Grove Techoologies. Inc.
!'PM Ipsen Heat Treating Albany Metal Treating
!'PM Milwaukee Nco Heal Treatil\g ,Corp.
Gear Company of America Alliance MeW Treating
Hanni Richmond Inc. Alpha Heet Treaters
Hinderliter Heal Treating American Heat Treating

Inc.-Anaheim Anr:icom MetrU "De:mng Ioc.
Hinderliter Heat Treating Atmosphere Annealing Inc. ,

Jnc,~T= - Beehive Heal Treating Inc.
Hinderliter Heal Treating Benedict-Miller Inc ..

Inc.-Thlsa Bennett Heal Treating
Hi-Tech Steel Treating Inc. , Bodycote S.W. Inc ..
lUG Commercial Bodycote Thermal

Induction Processing-Oallas
Budapack~Elkhom Bodycotc Thermal
Illiana Heat. Treating Inc. ProcessilJg-Fl Worth
Induction Me!al Treating Bodycote Thermal

I Industrial Steel Treating Processing (West)
Ironbound Heal. Treating Bomak Corp.
L.indbe!'g Heal1\'eating Co. The Bowdil Co.

"":Houslon Braddock MeWllurgical
ILindbeog Heat Treating Co. Braddock Metallurgical

"":Melrosc Park -Alabama
LindbeIg Heat Treating Co. Brazing & Metal Treating

-New Berlin =-Clevelend
LiIxIbag Heal J"reating Co. Brazing & Metal Treating

""':Rucine of KY
Lindberg Heat Tn:aling Co. Brazing & Metal Tnealing

-Rochester ofMN '
Lindberg Heal Treating 'Co. Bril<' Brazing

~Rosemonl Burbank Steel Treating Inc.
LindlJeIg Mea!L~g Co. Cal-Doran Division

-St. Louis Carolina Commercial Heat
Metalfurgical [nco Treating

I Metals Technology C3lerpilli!I Industrial
Metal-The Heal Trem.i118 PmdIX'~

""':Frnser
Steel Treaters, Inc.
Sun Steel Treati.ng
Suneoast Heal Treat. Inc.

-Orlando
Suncoast Heat Treat, loco

......;pOOJpallo Beach
Suncoast Heat Trea~ Inc.

-Tampa
Syracuse Heat Treating
T. ,Woodwonh Inc .'
Therm Tech of Waukesha
Thermal Treatment Cenrer
Treat All Metals Inc.
Trutec Indu tries
Universal Heal Treating
Walker Heal 'Jre;jting -
Wear-Ever Swface

Treating

NITROCARBIJRIZING
A.F.e. - Nco
AbOOIt FUllla(:C Compan,y
Alliance Metal Treating
Nco Heal Treating Co!p.
Am:ricuI Metal'J'leating Inc.
Benedict-MHler Ioc.
Bodycote S.W.lnc.
Body~ Thermal

Processing=Dallas
Bodycote Thermal

Plocessing-Ft Worlb
Carolina Commercial Heal

MetlabCo.
Metro Steel Treating
Modem Industries Inc.
Nitrex Metal Technologies
lnc ......:Burlingron
Nitrex Metal Technologies
lee ......:Masoo
Nitrex Metal Technologies
;[nc.-SI. Laurent
Paulo Products Co,

-Bessemer
Paulo Products Co.

-Kansas City
Paulo Products Co.

-M:emphis
Paulo Products Co.

-Nas.hvjHe
Paulo Products Co.

-St.Louis
PetersHeal 'Fteati.ng Inc.
Phoenix Heal Treating Inc.
Recbester Sree:1Treating
Rotation Products Corp.
Shore Me!al Technology
Specialty Heat Treating

lnc.-ItIheI15
Specialty Heal Treating

1nc.-EIkhart
Specially Heal Treating

Inc.-Grand Rapids
Specially Heal. Treating

lnc.-Ho.11lmd
Suncoast Heat Treat, Inc.

-Pompano Beach
SyrdCllse Heat Treating
Therm Tech ofWaukesba
Thermal Treatmeru Center
T:nnec TndusUies

Century Sun Metal
Treating

Certified Metal c..1ft Inc.
Certified Heat Treating
Cincinnati Flame

Hardening Co.
Cincinnati Gear Co .
Cincinnati Steel Treating
City Sree:1Treating Inc.
Clearing Niagara
Coleman Commercial

Heat Treating
Commerciallnduction
Commercial Steel Treating
CUStom Heat Treating Co.
Delavan Steel Treating
Delphi Engineering
Detroit Steel Treating Co.
Diamond Heat Treating
Disstcn Precision Inc.
Dixie fleal Treating Co.
Dillie Machine & H'~

1Teatillg Inc.
Drever Heat Treating
Dynamic Metal Treating
Bas! Carolina MeW

Treating Inc.
East-lind Heat Treat
Eckel Heat Treat.
Edwards Heal Treating
Elmira Heat Treating Inc.
~Heatl'reat Joe.
Eric· Steel Treating Inc.
Euclid HC31Trea:ting Co.
Fah1Ield Mig. Co.
Peinblanking .Lld
Fenton Heat Treating
f'Jamc Metals Processing
Fox Steel Treating Co.
FPM Heal Treating

-Elk Grove
FPM Ipsen Heal Treati_og
FPM Milwaukee
Franklin Steel Treating Co.
Gear CO!I!J'!!!'y of America
Geootal Heal 'Th:aI:ing Corp.
General Metal Heat

Treating Inc.
Gen. H. Porter Steel

Treating Co.
Gibson HeatTreat Inc.
Grand Rapids Commercial

Heal. ~ling Co.
H & S Heal Treating
Hansen-Balk. Steel

Treating
Hanni Richmeod Inc.
Hear Trear Corp. of

America
Heal Treating Services
Heal· Treating Inc,
HI TecMellll Group

-Cleveland
Hinderliter Heat Treating

InC.-Anaheim
Hinderliter Heal Treating

Inc=-Dallas
Hindeilirer Heal:Treating

inc.-Tarzana
Hinderliter Heal Treating

Inc-e-Tulsa
Hi- Thch Steel 1'reati,ll1! Inc.

, Horizon Steel Treating Inc.
Hornbmgh & Scott Co.
HTG Commercial

Induction
lITO Huech Aero

Division
Hudapack""':Elkholll
Hudal=k-Glendale HIS.
Huron Metallurgical Inc.
Hydro-V3c
Hy· Vw: Technologies Inc,
Illiana Heal Treating Inc.
IndUction Metal Treating
Industrial Metal

Treating COIl'.
lIldu.tria] Sled 'Jre;jting

Ironboond Heal Treating
Irwin Automation Inc.
JIIS!:O Heal treating Ine,
John V. Potero Co.
Kowalski Heal Treating
Lake County Steel

l'nealing
Lawrence Industries Inc.
Ilndberg HeatTre8ling Co.

=-Berlin
Lindberg Heal ~g Co.

-s-Houston
LiOOberg Heal Treating Co.

-s-Mebose Park
Lindbt.:!g He!!! 1reating Co.

-New Berlin
LiOOlJerg Hror Th:a!ing Co.

-Racine
Lillf.lberg Heal Trea.ti!'lgCo.

-Rosemont
Lir!dberg Heal Treating Co.

-Sl.louis
M &; M Heal 'treat
Magnum Metal Treating
Master Heal Treating Inc,
Merit Ge;u- Corp;
Metailltlprovement Co.

--COlurnbl.!s
Metal Improvement Co.

-Lafayette
Metal Improve men! Co.

-McLeanlWichita
Mellll Methods
Metal Treaters Inc,
Metal Treating Inc.
Metal Treating &

Research -
Metallurgic& Inc.
Metallurgical Processing
MCIaIs Engineering Inc.
Metals Technol<1gy
Me!labCo.
Metro Steel Treating
Met-Tek Inc.-Oacloonas
Met-Te.klnc.-Rocine
Midland Mellli Treating
Modem Industries Inc.
Modem MeW Processing
Mountain Metallurgical
NatiOruil Broach
National Metal Processing
Nettleson Steel Treating
Ni!ro-Vac Heal Treating
Oakland Metal Treating
Ohio MetallwgiC<l! Service
P & L Heat Treating &

Grinding
Purtek Laboratories Inc.
Paulo Products Co.

=-Bessemer
Paulo Products Co.

---Km>sas City
Paulo Products Co.

-MeIt\phis
Paulo Products Co.

-NlIShville
Paulo Products Co.

=-St.Loul
Pennsylvania Me:lIlllu,gical
Peters Heat Treating lee,
Phoenix Heat Treating Inc.
Pitt-Tex lne .
Precision Heal Treating
Progressive Sleel Treating
Racine Heat Treating Co.
Roebester Steel Treating
Rotation Products Corp.
S.KS. l-lealTreating Inc.
Scot Frog"
ShQre Metal Technology
Solar Atmospheres [nco
Sooee Heat Treating Corp.
Souiheastern Heal Treating
Specialty Heaf Treating Inc.

-Athens
Specially Heat.Treating Inc.

-Elkbart
Specially Heal ~g ll!c.

1
I

I



___________ HEATTREATI'N!GSERVICES DIRECTOR,V _
-GnmdRapds

~ Hal ,=ling Tn:.
-H II;md .

SpiriIIty ~ lb::IIinglnc.
-Famringmn HilI5,

~ Iiei!I ~ loc.
-Fmser

SWIt: Heal 'mal Inc.
Sl«1~1!!c.
SUll SIl:d Trating
SWlC08SIHeal1'mI!, Inc.

. ando

i!!XOi\SIlIeall'=t. bJc.
-l'mIpaoo 8eadI
SuIJlXl8Sl He3l1'ml!, hie.

-Thmpa
S~Me!:!l"~
Syracuse Heal Treating
T. . Woodworth Inc.
1'hmm Tech of Waukesha
1brnnaJ Metal Treating
lmmal Treab1ImlC=
Thr:mIo Ela::!n:m Mct.aI

Trealing Div.
ThmooT~Ltd
'l'rllcll!cb Inc.
T!al1\lI MdC...1!!c.
Tmjoo ..!teat Treal I!!c.

ni~llIeaI TIcIting
Va!:!! Braze
WalknIbT~
Wall CoImoooy Corp.
Washi..1lgton Me!alLurgic!!I

Services
Wei Industries Inc.
Woh\erI' Corp.

PlASMA CARBURIlJNG
CllIClI\IIaD Gear Co.
Gbsm Pral!1er HUrth

utiL"IIlOOIs
Hl TecM'etaJ Group

---Ckve.land
'IOI'IVI. Inc.

A.IF.C. - moo
~>Ct''''li/ler Inc.
ikmJ:ll Heal Treatil!g
Can:rpillaIr IndUstrial

II"IodbcIs Inc.
mcin.nati G:ar Co.

Cincinnati S~l Treating
~u.n.1DI:.
b.!;:1KI Heal T!WIllg Co.
FIIIrlIddI ,M(g.. Co.
Franklin S~I 'fu::ning Co'.
Gcncn!I MEW HcaI,

'~lJn!llnc.
ib!ioo Heal Treal Inc.

The Gleason 'fVCH'ks
Heal1i'e.1I Corp. of

AIJII!IlICS
h"lu..ut ..l Sr<rl Th:::t1lng
Kowulski Heal Tn:a!ing Co.
LindberJl Heat Trealing Co.

ewBmin
Lindbcfg H Treating Co.

-Racine
l..i!!dberg lIeaI 'fiea!iDg Co..

-Ro:R1Il!XII
lmdhag Heal T~ Co.

I.i..o!!ls
MruIIurgicaIlnc.
MNh TcdIooIogy
Mellab Co.
M<IUl!LoJD Metal~
Ohio Metallurgicnl Sa-vicc
I'hJmiJ: lAC. T~g hie.
Robodoction T1II!rmaI

~\!IlI
pea!!!,>, SU::el Tmating

,In!:. '- - 00 HLIIs
Spcciah)' ~11lmati..!l1l

Inc.--Fra.vr
T~ A.II ~ Inc.
WaWngtoo MdalIuqiaJ

Scniccs

CentUJ')' Sun M.tal Treatiog
"!r».:II!lI!!IlCie!!l'Co.

Commen;i.aI ~J Trear.in
East-Lind Heal ,rea!
'~ t"'IT!n11nc..
fUmle Me1ui5 ~n
I'm S~l Treating Co.
Ili & MIMetall"roocIsin
HI T~Mc!l!lGmup

-Cleveland
Illiam Heal Tn:atinglnc.
~ MeW l'Rming
Lakc ~ S~I. TfC8Ii.n_
Liodberz Hcu1irealing

Bedi!!
Lirxkrg I-b 1lrcmin Co.

-R.1cine
LindIxrs Heal 1Irealiog Co.

-Rmcmool
Metal TreIIIm Inc.
Met.mT~
M~·rCkInc.--Clackamas
latiooaI 81011dJ

NiII&Vsc Heal ~
o & W Heal 'maIlne.
Th!1eC I!!dw.!ries
WaIb:r Heru Treating
Wear·Em- Swf_ 'TIeati!!8
Weiss Induslries Inc.

:5'1101 PEENlNG
AJpha Heal 'lm!1Cr!i
CQIcroanCommctriaIlIeaI

Ti'eIIi!!I
~HeMnwlM.
.A:uno! Metals I?roc;c:;.,mg
Horizm !l!C1Tn!:lUing Inc.
J - Had, ~ I.nc.
~1IlskJ Heal TIeBIing :0-
MetallmpruvemcllI. Go.

-CoIumh!s
Metal~Co.

-MiJ~
P!!uIo ~ 'Co.

·cmpbis
Superior Metal Tradng
"Pracr..ch Inc.

SfN'IEBING
A.F.e. - ~r"a
Abbou. FUl'IIaCe Company
AllrelId .Products
Benndt H TmIliII/iI
~rtiticd McIalIemn-
Cincinnati OeM Co.

U1!rol M;muL~l!Ine.
I-liodcI:IiII!r HCal1'rc!IlnI1!r..

-1l!nana
Hi1eCh Mel.alJm-gicaI Co.
I-fI1G AmlInzI:
Hydro-Val:
Hy·Vac 'I\rlIoo1.ogics Inc.
IIli.'I!l!IHC!!!~loc.
Ilnductioo Metal Trelllin&
1ooa,1nc.
Metal. ImpmvmJenl Co.

-Md~>ehilB

MelabTedmoIogy
Modem MclaJI J>r-oc=;ing
Pimnsylvania ctall~
I'irogrcssi''e S~I Tteaiing
SoIwr A~Ine.
SpeciallY Heal Treatin

Inc.-AIl!em
Specially l:1ea111realiog

:1nc.----EIkban
~pcciIlly 1-ka11Iming

11nc.--Gmnd Rapids
SJl!lcioJ,>, Heal 'l:re.ncng

:lnc.-HollBnd
~ Hell '1RuI. Inc.
-Pompano Beach

Symcuse Heal1'reating
Walker IRe:\! '!\'ulti!lll

c:IaIlrqxm-emc1ll Co,
-Colwnl:m

Metal1fi'eaIi.1!g Inc.
MdlabCo.
MeHcli: ilnc.-Oac
Midwesl ~ HWe!!mg
Pw.!lo Prod~ Co.

""':Na..<hviDe
I'boenix. Hem 'l"remil\llne.
~iVl:!eeI TlUling
Racine Heal Treating Co.
Specialty Steel Treating

Inc. rnscr
SuperiQ!' MeW Tm!!1n&
1lIeImet: Inc.
TllIClllCh Inc,
1"reaI. All MClals
WashingtOn MetaliuJilc!!l

Services -

Westside Flnme Hrutk:ning

I

!}' teel ~ Inc.
Clellring Ni p1I
Clclil:laOO Flame'

HurdcJling
Cokman Commr:rciaI

HeruTDIm
'Comme!1:ill tnd!!o;.'Uoo
COIllI'I'lCR:ialSreel1'n:ating
C~lnc.
eu.wm HC!!I _ - !Ii ,0.

DeLuvali reel Treatil\g
Delphi Engineering
DelmillFJIlJIle I-Iunkoln,g
DeIroiI 1J!cl Th!a.1Lng Co.
OI!!!OO!1d He.!!! 1Iea!inS
Dlsston Pn:cisioll Inc.
DOOc I:iCIII "l'mIIlllg Co.,
Dixie Mochinc & Heat

'l'n!m.in I!!C,

Dn:ver Heal Th:aUng
Dynamic MdDJ irealing
En>I. Oimlillll Metal

~Inc.
ElLq·Lind Heal Tmu
Eckel Heat 'l:re.nl
Ed'-'ri.l· ~
ElmIra .1uI TrelIIII1g Inc.
~I Hm'T'rNIIM.
Erie Steel TrmtinS lnc.
-:'l1rIIdd 1fg:.',O.
Fcinlllankirlz LId.
Fcmoo Heat T'n:n~n
Flwne Mewb Processing
FllIJttrol MIlnufllCllJl1ing
Fa Steel TreaIin& Co.
FPM Heal Traifln&

-BlkGruvc
FPM Ipsl!n Henl Treating
FPM Milwaukci!
Fn!nltlin S~I' T -ling Co.
GcneruJ Heu! Treating
Oenernl Metnlllcnl

fuating 1111:.
aeo.H.~ !eel

Tre.!ti!lS Co.
Gibson Heat 1'renllnc.
GkawnPfIlDtu l~'WFI.b

ClllllI!g ThoIs
GkJbal H I IrE.
Grund Rapids COI'tlJI'ICrciaI

HCIII 'lC.IIllnll Co.
H&.M 1cm1~
H &. S Jbl Tn:aLi'1
Hanscn-Il!!lk SIcCI

1ieating
Hmnl Ridtmond Inc.
Heul TICal Cap. of

AIl£ricn
Heol-'frcIling I .
HCIII ilClllintl Ser."K1Cl>
HI 11:<:MdllIGmup

-GeveJnnd
~lindcrlilcr He , 1ireaLin

lnc.-A!Wle>_111
Hinderltla' II . 11rwmg

1nc.-DaJI
Hinderliler Hea1 Trealiog

1111:.- 'll!mma
Hinderliler Hetll Treating

[nc.-lI.ili!-
~tilec:nMelUllurgicnl Co.
Hi·Itcb Sleel Treaung Inc.
Horizon. SlcCl11~1I Inc.
H 00rgh & ScoII Co.
Hoos!Qn. Flame 'Hl!!dcning
!froAcrobn!z.e -
!fro CommI:n:JaI

Inductioo
IfI'ti HlJ:ed! Aero o.vL<ion
JllIditpack-Flkh m
FlIlI.I.iIpod<"""("dmdllleEItL
Huron McmJlurgicallnc.
Hydco.vllC
fly· Vue Tcclmologi· Inc.
lIli ' Heat 1'l'CIlling loc.
ImplCI tml.egla 1111:.
h-,duc!iog l>'Le!.!!I~
Induc!ioo SelViccs, ,Inc.

:S1lEAM! 1IR£AUNG
A:fC. - Pifco
Abboll Furnace Company

IlmI'IIle Ion T~
AdYalll'ed Hi .T~
:Bct!ndl Hem Treatin
~ Melli! Treating
Gkasoo Pralll r HWFI.b

,CuI:lin!ilThol5
Hi·TId! ~l ~ Inc.
!fro Comtn:n:iaJ

IndIlCUoo
IndlL<!NI Me!!d Treating
Kav,·lIl.sldHca TmIiogCo.
MetiabCo.
SoIl!!' AlIDOSp~ Inc.
'l!!I ieel Trea!.ing
SyraIlllS!: H I Treating

AITPl<al Me!:al Tlt!!!lng hr.
.Ikonetl Heal Trcanng
.Bod)'OOl/' S.W. loc.
BodyooCe 1b:nmtI

Processln •
BOOyCOle Thernw.I

Pnxc<sing-fl. Worth
'BodyaXe Thermal

~in (We!ilJ
CcnlW")' Sun Me.1IIl

Tmlling
Ch:icajJp Flame Hatde!ling
CinClmtaIi .Flame

H:lrdening Co.
CincilllUlti Sreel11realing
CbriJIg b!g,am
:Delmil Flame Hardening
O)namic Metnl1'renting
EdWlll'li~ Heat ~ting
E1mJra Heal Tte!!Ii_1II [nc.
~ EkW'Jlrt:iI.1Dc..
Ene SIreITrealIng ilnc.
Euclid Heal Treating Co.
FJnrne Me.tals Processing
G~Pl"imter Kurth

Cl!J:tInIl . boI!J
Grund Rapids Commercial

HeaI1'renting Co,
Hi-Tech SII:o:lTlCaIinlllnc.
Horizoo Sl«11frating 'Ioc.
Ji~ _ Scou Co.
HOII.\IOII Flame Ii!!nIcbing
HTGCOOlIIlI!t'CIllI

~
,- . R -l1l'e11l1ng Inc..
IKowDl5ki H ITreating
LinIIlc:rg Hal 1'nlaIin1l Co.

-NewBatin
Lirdlcrg HC1111't:aIing Co.

-Racine
~ Heal 'l'n:aing Co.

-R~
M&MHCl!lTn:iII
Meril Gear Corp.

STRESS REUEVUJlG
!\.IF.C - Pifeo
AhboI! ~ CampI!/I)'
ABS MallIIurgicnJ

I'rooessooi Inc.
Aecutale Sled Ttelling
AdvaomI Hca! TICal

Corp.-MOOIOC
Advanced Hear 'lre:ll

Corp.-Waterloo
Advanced MetalLurgical

Techoology
Ad~1hmn!!I

Ted!ook!gIeS. Inc.
1\jax~CMp.
Albany Metal Treating
Alco Helll Tl1)ating' orp.
Alliance Metal Tremml!
Allread ProdIlC1S
Alpha Heal 1'i'eaLen
Americnn BrazinS
American Hea! Th:ati!ll!
Anui!:3n MdalT~
AMTM!lI1lllI:Inc.
AlmO!iphere ~in&
Beehive Heal TreaUru! Inc.
Benedict·Millcr .Inc.
Benoen Heal TmIling
BodycoIe S.w. Inc.
BodyCO!e Thermal

1'rocessing-1la.II.iI5
80dycru ThmnaI

~"-RWri
RodyCO!e ThennaI

Processing (WOSII
Boo!!!k Oxp.
8oo.oJ Tcc~ Inc.
The .Bowdil Co.
Braddock Metallurgical
Braddock MallIIurglcal-~
Brnzing &: Metal-r-~g

-Clevcilll'ld
BllIZing & Metall'reating

of KCfllIICky
Brazing &: Mellll Th:atLn_

of Mirulc..<O!a
Bri~ BllIZing
Bdre Metal Tn:aling Inc.
Billbank Sled ThlaI:ing loc.
CaJ..Doom IDimioo.
CaroUIl8 Comn:lm:iaI H

Tn:ating
O!TJtrallCt:nJJJciy

~inll
CcnWl)' SUll Metal

TlCaIing
CertifIo:lI HCIII'IltraIing Inc.
CettiliaI Metal Cl1lfi
Chicago fll!llle H.ardening
C'mcitlllllli FID:tne

1'IanIming. Co.
Cincinnati Gear Co.
Cincill!l!!!! S!eell'rearlng

~Inc..
,1ndUStn:J.I Metal '\iQ1IJIB
1!!d!!'!riJ!! Sk:d TlcaImJ
IIl1dIWriaJ ~Ili-eatin&
1~11lI!.

, bmboond Heal. Tm!IU1g
bwm AllromaUOO Inc..
Jasco, II t 1h!a Inc.
John V. "-tv Co.
Kowahki Heat Treltlin
LnkI: Counly ~l

1'reutin
La .. """"" 1odw.1ries Inc.
li!xIJeq Heat ~ Co.

-Ik.-din
LindI:leIl! Heat'fmlling Co.

-Hoo>lOO
~ I[CUI Tre!!!Ing Co.

- 'elmY: Part
~ Heal Tmnting Co.

-Newlkflin
~ tY:a! TIaIW\I Co.

-RIIcirJc
LiId!crglb Tmmn Co.

-RQ;;~
LirxIx:IJ Heal T~ Co.

-R0IiC_
t...rdx:rg Heal T~ Co.

L Louis
M & M Heal TmII.
M gown MeW TrcabJtB
Momu"i!' S.I\.
Mmc-r Ileal Trcatinllnc..
Mcril Gear Corp.
Metall~' .

-Coli!llll!us
Metal ImproYl:mcnt Co.

-Lafayellc
Mclal Impm""tnm!'

- _cl.anIW"tclnta
Melli! Methods
Metal1'renters Inc.
Metal1'ITm.ing IDC.
Meral ~& Rcscan:h
MallIIurgiaI .Inc.
Melll!lurgil:al ,I'nx:cssinl!!
Metals Eng:meain Inc.
Metals ~
Mct:aJ- Tee Hcal Tmum
M~CIl.
Metro Steel Tre:King
MCI-Td.lnc.~
Mel--Tcli:1nc..
Michipn FJamc

Han:Icnin
M'dtipn Induction :In!:.
MJdWId MdiII Tr=IinJ
Midweil f'lame Hardening
MklwesImI Macl.!incry
MOOmt~lnc..
MOOi:m Metal Pmcr:ssirt
Mounwn Metallurgical

IIm».I nI'IIIIdI
!!Iion!!Il~ Hca!!:ng

NIIliroaI Mct:aJ ~I
Nenkson k:d TI'CI!linIl
Nitro- 'Il Heal Treaiing
o & W IHeat Treallnc.
0nI0.1md eraI n-.tng
Ohio Me!.i!II~ Sct\rioe
Prutek I..nbori!!oIic: lnc.
Paulo I'rodu!:Is Co.

-Ikw:mer
Paulo I'nldIJct;; Co.

-Karu Cily
10 ProdIx:Is Co.

-MeIq!Ius
Pluto I"nl4IcIs Co.

'I!Jj"Ille
I1uIo I'-'n:1dIIm Co,

-St I.ooii
I'mn3 FJamc IID.tsIric:!:
I'mnsylvilma McWlwpcIII
1'cIe1li Heal remoa lnc..
I'I1oxmx Heal ,\eating Inc.
Pitt· Tex Inc.
PreO,iOll Heal Th!a!inJ
I'rogIm,ive Sleel ~
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Washington Metallm'gical I'

Services
Racine Heat,Treating Co.

I Roboductioo1berrni!l
Processing

Rochester Steel Treating
ROOlllOIl Ptoduc!s Corp.
S.K.S. lieal Treating Inc.
ScoImge
Shanafelt Mfg. Co.
Sb!lre M£IaI Technology
Solar '~1De.
Sonec Heat Treating Corp.
Sou~1!:m Heal Treating
Specially Heal'I'ieai:illj If);:.

-Alhens
Specially Heat 'I'ieai:ing Inc.

-El_kIw!
Specially .liea! Thating !!le.

-Grand Rapids
Specially Heal Th:aIing Inc.

-Holland
Specially .HCsI Treating Inc.

-Fanning1oo Hills
Specially Heal1'reaIing ~

---&.lset
S~ Hea! 1'rea! Inc.
Steel Treaters.Jrx.

Steel Treating
'SI!!IS~ Treating
Suneoast Heat Trea!, Inc.

-Orlando
SL!IlC08St ·Heal1':r'!:l!I. Inc.

-Pompano Beach
Uncoosl Heal ficaI. Inc.
-Thmpa

Superior Metal1'real:ing
~ Heal Ttealing

T N. Woodw«th Inc.
Therm Tech of Waukesha
Thermal Metal Treating
ThennaI Tcea!lII!:Il! Cenrer
Thenno Electron Metal

Treating Div.
Thermo Trealm Lid.
1ba:o,1nc.
ThIcIecb Inc.
~ All Mdals Inc.
Tlo.i-I!l! Heat treal [nc.
Trulct Industries
Universal Heal Treating
Vacu Braze
Walker Heal Treating
Wall Cilinoooy Corp.

Weiss industries Inc.
Western SIJ'eSS Inc.
Wes15ide FIrunc Hardening

TEMPERING
A.f.C. - Pifco
Abbott 'Furnace Company
ABS Metallurgical

~<OnInc.
AllCUIlllc SIlleI TIealing
Advanced Heal Treatlng
Advanced Metall~caJ

TecltoQlogy
Advaoocd 'IberrnaI

Thdmologlcs. [nco

Ajg1t~Corp.
Albany MeI.I!I 'l'ka!mg -
Ak:o Heat Trealing Coxpc
ADian<;c Metal Treating
AJIread ProdlJClll
Alpha 1ie;U imI_tm

American Brnzing Tn:ating-CLeveland
Ameri.ean, Cryogenics. Inc. Brite Brazing
Alr!eric;m Heal Trea~-8Brite Metal Treating lnc,
Americsn Metal Processing Burbank Steel TreatinS Inc. I
~ Me1!i11h:iI&JgCo. Cal-Doran Division
Anmcan Mdill T~ ~ QlIUIiel SlI!face Hardening
AI' Westsbon: I C8r01ina ~ flea!
Aunosphete Am!el!Iing Inc. Ti'eating
Beehive Heat Treating ,Inc. ,Calctpilhlr Indus!riaI
Beoedlc!-Millcr Inc. Products Inc.
BenocII Heal Tlel!ting 'Cenrral Kmtuclcy
Bodycote lnduction Processing

Proeessin.g Century Sun Metal Trea!lllg
Bodywe S.W.Inc. Cstified Ileal Trmq toe,
BooyOOle ThennaI Certified Metal ear!

Proccssing-DullllsChicago F111lIlC Hardening
lIodycQ!e Thermal Chicago Induction

Proccssing-fl. Worth ' ilIci!m;ui F'Ia!ne
Bod)'oote ThennaI Haroclling Co.

Processing (Wc:sI) Cincinnati 'Gear
Dornak Cotp'o Cincinnati Steel Treating
'Ibe b'diJ Co. City Steel 'l'mlting Inc.
Braddock. Metallurgical Clearing .iagan!
Braddock Metallmgical Clcvelaodl fbmc ftmi:run&

-AJ!lbama Coleman Commercial Heal,
Bmling &; Me!l!l Treating

ColIllIll:rCiallnduclioo
Commercial Steel Treating
Custom Heal Treating Co.
Delavan SteeJ Th:!!ting
Delphi Engineering
DetreitFlame Hardening
Detroit Steell'n:i!ling Co,
Diamond Heal. Treating Co.
Disstoo Preei ion Ioc.
OWe Heat 1maIing Co.
Dixie Machine &; Heal

Treating Inc.
Dre;ier He!!! Treating
Dynamic MCUII1kating
East-Und Heal1'real
Eas1 Carolina Metal

Treating inc.
Bckel Heat Treat
Edwards Heal Treating
ELmira Heat Treating Inc.
Engineend Hml 'Iie!l11ne.
Erie Steel Treating Inc.
Fabfidd WI\' Co.
Feinblanlring Ud.
Femoo Heat Treating
FIrunc Metals Processing
F1ux1To1 Manufacluring Inc. i
Fox Steel Treating, Co.
FPMHeal~lI~

-Elk Grove
PPM Milwaulrne

I Franldin SI£cI Th:aUng Co.
Gear Company of America
General Heat Treating
Geoeml Metal Heal

nmtinglnc.
Geo. H, ~ Steel

Treating Co.
Gibsoo Heal. Treat Inc.

, GIeason'.~ HurtI!
CIItting 1boIs

Grand Rapids ComIIlClt:ial
Heal Treating Co.

H &. M Metal ~ll!g
H &; S Heal Treating
Hansen-Balk Steel Treating
Hauni Richmond Inc.
Heal Treat Corp. of

i\lneria! .

He<I~-Treanng Inc.
Heal 1Ieating Services
HI T""MetaI Grool"

---Cleveland
Hi!!dedlw Hea! ~n

lnc,-AI!l!beim
Hinderliter Heal Treating

1nc.-....:DaIIa5
Hinderliter Heal1Ica!ing

1nc.-Tarz.I!ll.II
Hinderliter Heat Treating

Inc.-Thlsa
HiICCb Me!!lIIwgical Co.

1Proprietary 2 Invo'lute splines, 3'Produl:lion,design,1 helical .spli.nes, splin.e lrolling
engl.__ s and • ..pored 'pll.... • . ,.ppo.ted
Imanufacturing.. . threads. I by SPC.

If r.ou're going by the numbers, Colonial Todll(~roup.h~. s
01 the reasons you need to hove us be your spline roiling
service supplier. We're a leading designer ana
m~~ufactur~r of high qualify pr~islon ~pline rdllin9. racks,
With extensive prototype capabd!lfy. And if you need
pre-production or prOduction .spline rollingl services ...
we db that teol . . -
Call, write, FAX or E-mail us off ou« Web Site.

COLONIIAL TOOL GIR'OUP INC.
1691 Wdlker Road, Windsor,. Ontario, Canada N8W 3,P1

5119-253-2461 • FAX 519-253-59T1 • www.colonialtooli.com
In the U.S.A. 5505 Concord Ave., Detroit, Mil • 313-965-8680
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Hi-Tech Sleel Th:a!ing
Hoo7.QOSteelntruing
HorsbuJW! &; Scon Co.
HollSlO!!F1ame Hardening
fITG AcrotlrazI:
HTG Commerc:ial,

Indi.!c!!oo
Hro Hltech Aero

DivWQ!I
H~
~-GImd*HIs.
Huron Metallmgicu1lnc.
Hydro-VI!C -
By· Vile Tcdlllologieslnc.
I1li.1IIIlI Heal Treating IDe.
Impact S!n!tegies lne.
Induction Metal Treating
Induction Services Inc.
:lndUCIob!:alln!:.
Indy !rial Metal Treating
l!Ul.'<!tinI Steel Treating Co.
.1nd!!S!rial Sled Treating
:~ IIlduc:tion Inc.
I.rotib<lod Heal ~g
Irwin Auloma1lOn .Inc.
JIIKO HflIt lmIting lnc.
Joim V. PilI:ero 'Co.
:1<owl!Jsti Heat Trealing
Lab: County Steel Treating
Lawrence lDdusllies Inc.
Lindberg Heal Treu!ing Co.

--Berlin
Lindberg Heal'rrealing Co.

-iHooslOO
liOOl:!erg Heat Treating Co.

-Melrose Pafk
~ KCl!I Trealiog Co.

~Bcrtin
I..indberg Heal T!!lating Co.

--Racine
lJndhers Heal Treating Co.

-Rochester
LindbeIJ Heal Trea!ing CO.

-Rosemool
Lmdb"'l! Heal Treating Co.

--SJ.Louis
M &; M Heall'rea!
Magn\!lll Metal Dea!ll!g
Master Heal Treating Inc.
Merit Gear Corp.
Melal ~eILCH! Co.

-Col!!l!lbus
Metal !rnprovemenI Co.

-Wayene
Metallmprovemen1. Co.

-"":Mc1eanlWichita
Metal Methods
MeI.!!i T""'1mi Inc.
Metal 'li'e.ating Inc.
Mcl1llTreatil!g&;

Research
Md.l!lJwgicallnc.
Mctnll~ ~iD.g
MelBbEogioocringInc.
MeWs Teebool.ogy
Met1abCo.
M~ S~I Treating
Met·Tck Inc.-Claclwnas
Met·Thk Inc.-Racine
Midiigan F1=e

Hanlcning
M'tdtjg'lIlI .lnductioo Inc.
Midland Metal Treating
Midwest Flame Hardening I

Midwestem~
Modem Induslries Inc.
ModmJ Metal Processing
Moibn Gear &; Shaft
Mountain Mctnllwgical
NatkiI;g!,BroadI

atiOl\al h!duc:!ioo
Hea.!lng

N!!Iional Metall.'!tx:essing
, NCI1k:sooSteel Trealinll
. Nitro- Vac Heal T-rea!ing

o & W Heat Treat lnc,
oakland Metal Treating
ObioM~~



P,ower In,te'g~ated
PIOP-UP1M1

-

Lift/IRotate I,nduction
Hea,t-lirea.ti'ng System

Radyne's Power Integrated Pop-Upllol
heat-treat center is a self-contained
system for hardening and tempering
components ina Uftlrotate, sub-
merged quench method to meet the
specific needs of the heat treater. A
user-friendly machine interface panel
and Pl;C control ereble qUick and
easy setup and operation. An
integrated" modem. efficient,
transistorized inverter povver supply

, can match a Vlliclevariety of heating
coils with easy-~o-cl1ange tuning
capacitors and a multitap .output.
isolation transfonner.

The lift actuator assembly lincludes
a ball bearing linear WCJIj mounted
under a stainless steel sink through
double lip wave seals. A chrome-
plated stainless steel spindle Is
mounted on a tapered roller bearing',
enclosed tn a steel housing. The lift
mechanism allaws lloadlunload.
heat and quench positions.

The Perfect Integration
The combination of Radyne's Power
Iintegrated Pop-upllol and APEX QAlloI
Quality Assurance system
!represents the llatest in induction
heat-treating technology.

WESTECH/March
IBooth 5564

AWS ExPO/April
Booth 3764

RAD¥I E
InnlJva.fDrs in Induction He fing
'-800'..286·8968
211 W. Bod811 Street
Milwaukee, Will :53207,U.SA
(414) 481!-8360- Fax: (4\14) 48,1-8303
.II-mail: irIKIyne@eIlBCpC ..com
Itllp:l/www_r:adyne.com



_----------IHIEATliREAT SE~RVICED'IRECTORV _
P & L lieal. Treating &

Grinding
P!!rtck la~ Inc.
.Paulo Producls Co.

--Bes._
Paulo Products Co.

-Kmtsas City
Paulo ProdIlCls Co.

-Mmlphis
Paulo Prodoets Co.

ashville
!'iw[o ProdIlCls Co.

-St LoW
~ Flrunc Induwies
I'c:nnsylwn:ia

MetalllII'!licnI
Peters Heal TteatingInc,
I"hoeni~ Heal Treating Inc.
Pi!!·Te~ Inc.
Precision Heat Trearing
Progressive Steel Treating
Racine HelIl reaUog Co.
Ridner Procf~ioo Inc.
Roboduction Thermal

ProcessII111
, Rocl¥:sI<:rSteel Tnsning

RoolI.lQfl Products CO!]).
, S.KS. Hent Treating Inc.

Sool~
I ShIxe MoW T«1moIogy
I SoIar A1:l1n;pb:= In!:-

Sooee Heal Treating Coop.
~ Heat Treating
Special1y .Ie.ru ireating [nco

-Alhens
SpcO.rd:I) Heal 'I'rMil1g Inc..

- kiwi
Specially Heal Treating Inc.

-Gl1I!IdRapids
Specialty ~ l'reating !lx.

~HoUnnd
SpecWLl)< Heat Treating Inc.

-Farmington Hills
SpecillIty H~ Treating [nco

_Fraser
Slate Hr:at.1reat Inc.
Steel Treattn Inc.
SlrelTreaLing
Sun Steel Treating
S-Ilnooa~tHeal Treat, Inc.

-ortando
Sullcoast Heal 'Ireat, Inc.

-l'OInpaoo Beach
SU!K:OaSIHeal Trea!. Inc.

-1lunpa
S~ Mdal Treating
S~'l:HCIlI~
T. N. Woodwooh lee.
Tbeem Tech of Waukesh3
1bennal Metal Treating
Tbermal Treatmern Center
~LIIC.
ThcrmoEloctron Metal

T=UngOiv.
Thermo Treaters lJd.
Tocco. Inc.
'Il'I!cr«h Inc.
lh:ul All M.ctaIs Inc,

I
Ttutee Industries
Universal Heal Treating
VacuBI"8:l.e
W!!Iker Heal Treating
Wl!.'ihi!!gtoo MetalJwgical

Services
Weiss 'tnd~!ries Inc.
Westside flame fLardMing
Wahlen Corpl

VACIIIIM mEA'nNG,
A.F.e. - Pifco
Accurnle Slrel Trealing,
Advanced Metallurgical

Techoology
AJID,~Corp
Alliani:e Metal Treating
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Allread ProduCls
American Brazing
~HeaJTrea.1ing
Am:iicarJ McIal Trealing Inc .
Beehive !'kal Th:ati!Jg
Benedicl·MiUer -
Beoncn Heal TreallDll

, Bodycote S.W. me.
Bodycro: ThennaI

I'roocsslng-Oallas
, BodyCO!e Thermal

l"1rocessing-A. WorIh
BodyOOle lbcanal

Pro!;essing (Wes.t)
Braddock MeLallurgical

Alabama
Burbank S!ecl Treating
CalL.Doran Division
Central Kentucky

Processing
Century Sun MCIllI Treating
Certified Metal Cmft
CeI1iIied' He.11Tmu!ing
Delavan S!Ce1Lreatinll
Drever Hea! TreaU..ng
Dynamic Metal Treating
East-Lied Heat Trea!
Elmim Heal. Treating Inc.
~lk!!I;~lne.
Erie Sreel TreaWtg Ioc,
Euclid Heat Treating Co.
Fenlon Heat1i"ea:ling
Flame MeW!; Processing
Genemll It I Treating
General Me!;!] flea!

Treating loc,
GJ:easoIi I'1~UlerHurlb

ul!lJing 1boIS
HlIl!SQI}ooBalk Steel Tresung
HOlumRichmond lne,
I:li:nderIiter-Dallas
Hilech MCLallurgical Co.
Hi. Tech Steel Treating 'Inc.
Horizon Steel Trealing Inc,
Hl'G Commercial

Induction
HTG Hitecll .ero Division
lJ.ud!!pad.:-EIkltam
ImpacI Stmregie5 lee,
1ndus;1riaI Metal Treating
Industrial Steel T=Mg [nco
lonex, 'Inc,
Ironbound Henl Treating
Irwin i\ulOm:looo Inc.
JIHD Heal Trutlq Inc.
ICS Engineering &.

Developmen.l-
Kowalski Heal T rearing Co.
Lindl:lelg, ~ Th:aIing Co.

-...: ev.rBerlin
Lindberg Helll. Treating Co.

-lit!!cine
Lindberg :Hcal 'l'reating CD.

"':ROSCI1JOl1I

Me!al1i1'eaIer.; Inc,
MCIllI 'I"lwitingloc.
MetaI'll"eor!ti!!g &. Re~h
Metallurgical Inc.
Metals T-e<:hnology Corp.
MetiabCo.
Modem MemI ~ing
N3Ii<JnaI,Metnl Precessing
NitreX Metal Technologies

lnc.-Masan
Nit:n>- Va;: Heal "I'rerulng
0& W H!2I. Treat [nco

PanIo Products Co.
-Bessemer

Paolo Products Co.
-KluL'IIS City

Paulo Produds Co.
-Memphis

hula ProdllCts Co.
-NaShville

Phoenix. HeIll Th:ati.ns loc.
Precision Heal Treating
Progtesl lve Sreel Treating
.Rncine Heal Trc.Ilting Co.

Richter Precision Inc.
Solnr Atmospheres loc.
Speciality Heat Ttea1ing

-Grund Rapids
Specialty Steel 'lieating

Im;. _unning10n Hi.IIs
Specialty Sled Th:ating

loc.-Fraser
SIIIl!JO!IcQ.Heat Treat, Inc.

.....Qrlando
S-upeOOr Metal Treating
Syracuse Heat .tWin!!
Thermal Braze [nco
Ul!iversal Heat Treating
waShington M.e!alJwgicaI

Services

ODIEB
American Mewl Ttealing
[nc.-<J.&r Program -
QlI<?'!d!ing

Beehive Heal T~ting-
Nt.llral Sal, Hardening

IBeoodicl·Mill£:r'--Niremper

Bennm Heal Treating-
l¥f1icai CarlJwoizing 01"

Hardming 1080"

Bodycote ThennaI
Proccssing-Dall..-.
llydro8~1!

Bodyco«r ThennaI
I'ro<;e..;sinll(Wesl}-
Marqll<?ochiltg

Century Sun Metal
Troating-IO- and J2-Bar
Wu'UW>! Trearing

Cincinnati Gear Co.-
EIt'r'roII B~ HarrJellir!g

Cincinnati Sled TI"eaIing-
Sub-a,.,

COOlOOJ'HardeIling--
MnaUu"IlicQ/ Services

Delphi Ensineering-
Ponable H.7:: 1711 sile

bI.J:..i!!d Heat Treal-A;,:
Oil. Waler Hardening

EnRi~ Helli 'fteat
Inc.-l.ab &nicn. NAD-
CAP Appro"t4

Erie Steel 'FrenDog .Inc.-
Plug QU~J!Ching

Euclid Heat 'lreanng Co.-
Gro Blasri/lg

Flame I-ilIrtbJing of
CalifOOl.i<l--Ol!-Sile 1ItJnI:

Fox SI:ceI Tf'eIIiog--Se/«r
.HDle ~lId!ing

H &. S Heat T:reating-
NnltmJ Hun:lming

Heal1fealing Network-
Heal Treatil1g Troinif!g

Hi:nderliler-Anabeim-Kool
Kase-FNC-

Hilech Metallwgical 00.-

, Weldil!g

Hl'G Cornmercial
lnduction-TrN-7iC CVD
CoatingJ

I:n"G Hitech Aero
Oivision-CVD Hard
COGIings

Hundapaek-.(Jlendak: H~.
~t!d Sal/to SaiJ
Iwstemperlng and
Marquntchillg

:lmpocl. Stralegie!\ Inc.-
Consulrins & ~ 'Wonl:

lnduction Services-
Bo'wing Heal

indw;trial !eel Treating
Inc.-MtJol1elic Panicle
Inspection; Tensile Te.,tins

1ronbc.'l.mdHeal Treating-«
U1bWonl:

,l'asco IHeal~ 1M.-
tmge Sa/1 &lh .liRD I

Kowalski ~. 'I1reaIing-
20 Bar ~nching

M.erit Gear Corp.-NATCO
Gear Hardening

Metal IrnjX"OVC:tne!!!Co.-
Mil~agnelic
Particle Inspection

Metals Technology COI"p.-
HypertlTlJ!etJling. B'nghl
Harril!l1ing

Miclligan Indll';;tlon Irn:.-
Co,uulting 011 Induction

Midlnnd Metnl Treating
lnc.-T~' InduclifJII
Heal Treal S)'SI~1IISwilh
Ml!lf1llurgit:a1 !k",'ic~sasd
Prrxhu:r Dn'l!/opmsu

National Mew Processlng
I t1}C.-CfJllrln"" .....Bdl

Furooce

, Paulo PnxIocts-Kansa.~
Clty-lrupecrioll

Paulo Products Co.-
Mmfreesboro-Zinc .&
Pirospha!e f/aJ1118

Phoenix Heal 'treating
Inc.-Copper Plating

, Progressive SI«I Trcar.ing
Inc.-Grit Blasll"8

RebcolRolockIMTcch--
Saks EngiM~"

Sun SIllt:J lrealing-Salt
Bath Hardening

S~ .. Hcal 'rreat, lnc.-
OrlandO-MaJwn.d,w,g

SyrolClise Heal TrelIting-
Ullrasonic lemlllllf

1bennaI1 Braze Ioc.-
IndlM.1UNJBroziJtll

Thernml Metal. 'l'reatinll
Inc.-Fe-Mn-2 Phm;plll1.l~

Westside Flame
H!!!"dcning-\libra
Hardening. Wbrolory SI~SS
Rdil!l'inll

A.F.e. - Pif~dr .I
ContiJlUOW liroJ Trra1
S)'SIV1lS /or Slut
Alwniruun llI1'iJ B>rus
CO!f¥1OlIenf5

Abbotl FUIlJllI:e
CompanY-COI1linuow
Dell FUI'1II"P:e.'

AJIIlI Mugnetbcl1llJc
_ orp......tnductkm H~
7tmling ~!lip-'11

Cm-En.g FIHIllICeS lJd.-
COIIllnuorlS FUl1lQCet.
&irIJ FumtJCe S),SII!JII.!.
M~sh Bdl Fu:mI1Ce,
F/uidi-dfl /ktl FllI'rIIJ«s.
Almosphl!rr FUrflDa.3/or
ATlNaliJlg. Iwstempering.
CeJrlxJIIlrriding,
Cartx,rlzing, NOJ7Mlizjng.
/frc.

The Du.1[y Company-
ConJu.nYJl SJop-Q1! Pail1l.1'

, JOT'CIlr/",rWng and
I Nilrfding

HIlkrnft...-standard and
Cuslom Hw7tt1Jl
Fumaus, indruli!lil
&lch, Pushus,. RoIaTJ
fl~. \ibn!Uln
PUl'1llJUS, A.._~
f;~lI~rdI'Dn ,and Ma~

IHS, .an Indl!Cloil:lenn
Co.-/Nbu:rit»l Jieam.g
Equipmorl

rndudo.heallnc.-lndilcJiIm
Htming £q!lip'1Ii!1I1

IODI!X, 1nc.-pmlOO Ion
N!'lriding &: Ion
/mpllIlJlaJion Syslems

Laser MachLniDg, Inc.-
Laser H~aI TJTo!i1!g
Syn~ms

Macdhu.i PrOOe of
AmeriCll--Carbon Probe~

illU Metal Techoologies
loc.-"':Masoo-
Technologiorlly advtmct-d
gm lIi1ridillg sysImJs jfu7-
~S, proaS3 ClNfImJ hDrd-
IO"/II"dSOjho'ill"l!'.ahauJl ",,"u-

rra/ftjng apti&lS, _1(d/{u-

gIL-a! ,·Q.II.<!dling D.lId r~clmi-
cal supporr unri~JI

itrex Mi!IaI Technologie<l
Inc.-SI. Lauretll-
TecllJJologi.callyadvanced
gas nltridinll sysrem.1 (fliT'-
''''us, proc~sscoillrollrcud·

ware/sofiwall!. ahem,t
neutralizing optioos, mel-
alluJ1!ical cOlISrdting tmd
r«hnicai .mpporl services}

Pillarlndustries-«
Ind~cti(Jf1 &[lIipmI!PJt

Radyne GO!pDDl

tn4MctioIJ HtflI 7trating;
Annealing, 7lmperin
twi RMdng Equip!f!~m

Surfaa!C~
IDt.-Wodt 'J.i!rid.p oj
lkl1l:h & Canlilwous
Funuu:nfor AImasp.hut,
V/!C!I!!!f! !HId Non- -
Almosphen H~
'I'm1IiJIg

1hermet Inc.-lnd~l'lioll
SystollJ

Wektl.lction CorporaIioo-
fndw:rion /froJ 1'rPQI;l1g
Equ.ipml!nJ mid Rdaled
Supplies



____ IIINDUSi1RY REP,ORT _

Study Predicts M!ode'st IGrolwth
in IGe,ar Manufacturiing

Gears. a new 1.92-page tudy frcm The Freedonia Group
(Cleveland, OH), project u.s. demand for gears to increa e
4.3 percent annuaHy through 2002, when hipments are pre-
dicted to reach $25.7 billion.

The automotive industry will continue to be the large t

source of gear demand. comprising about rwo-thirds of total
sales. However, growth in the sales of automotive gears will
be the lowest among major industry sectors. the study says.

The reasons for the expected lowdown include a satura-
tion of key gear-poweredacce ories uch as power windows.
tile ongoiQg d velopmem of belt-driven and other eontinuoas-
ly variable tran mi sions and the slowdown of the overall
economy.

Demand fer gear, in quipment and machinery is also
likely to slow down because of the overall economy. while

marineapp1ications hould exhibit the best growth prospects
becau e of a projected continued demand for recreatienal
boats. the srndy says.

Individual gears accounted for about 60 percent of total
shipment value in 1997. However.grawth in gear assembly
hipments i expected to rise fa ter than that of individual

gear through 2002. Most of this is expected because of
growth ill the gearmotor market.

Gear Demand By IMa~ket'& Orig:in
tmilm,on dollarst

Il1em1.1 1992 1991 2D02 2007
Ilurable Goods Shipments 12.29 1456 20501 2582 3241
S !lears I 000 $durable 101.4 10.4 10.4 10.2 10.2
'goods

,Gear Dlmand 12170 15U5, 21.a5 2631111 iB165,

BVMarket
Motor Vehicles 8120 \0010 "'1100 11&20 120\0

Machinery & Equipment 2800 3355, 4005 61'20 7845,
Other l2!iO 1700' 1800 24401 33101

Bv Origin:
OEM 11425 13495 19225, :23660 29735

Captive, 81'2fI 9435 1'3035. 1'65101 20535
Merchant 3305 4060' 5500 70001 92001

Merma rket 1345 1630 2180 2720 34&),

Gears is available for $3.300 from The Freedonia Group.
Inc.• 767 Beta Drive. Cleveland, OH 44[43~2326.

TenUs WUt You TIII_ •••
If you found this artlela of Intarast and/or useful, please circle 2D&.

If you'd like more information about TIle freedoaia GrouP.please
circle.,.
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W. M. BERG, INC.
'. ' .

TIEL:1·800·232·BERG
FAXI, 1·800-45S·BERO,

Over 720 pagel 01 specs Itld au !or
over 65.000 PI'KiSlOll mech nal aNt Ionear
~ IroeII!drlg mort a-n 50 New PIDducII

Our I8l9 ol pJOdUCIS rodude cha!ns. belli i!l bel
drIVes. Qe~rs. B6semblle . breadbOIlJ'd1. II ar
!XlI11ponenlS.hardware. Iasiell IS.couplings. shins.
clulches. keys. beanngll. vlbrlltlOO daml*1lng
COI!\p0nMt5 and mudl more FDI' QJIIOm tlIIv1
CGlllponen!I and a.nbIII COIIlKl' u CustimIr
Semce Ted1nIc;Ij SuppoI1 Group



-ETTING STANDARD,
OF VALUE

WIITH ICUSTOMERS'''· F"CR CIUSTCIMERS

TECiHINOLOGY

Surface has excelled for more than
80 years in ,oppllying its brood
thermal processingl technical abillities
to new and unusuel customerprocew
iing applications. These applications
reach the full speefrum of vacuum,
atmosphere, and non-atmosphere
process demands. Surface techno'iogy
is developed with,cusfomers for use
in every day processing requirements.

IRiELA.1I0NiSHIPS

The strength ·oF5u rface comes from
the customer relationships built and
maintained throughout our long
history. Customer satisf:a.ction and
growth continues fo be the key to our
success. Surface combines tradition,
integrity, ondtechnoloQ,yto help
our customers achieve long-term
success. Surface is truly in business
with customers, for customers.

Surface· dedicates al wide range of
resources ill support of our oustom-
ers .. When )fou 'commit to Surface
products, youl gain the support of
a largefieldl service force,Q,n
aquiprnanl retrofit & up-grade
d,epartment, a stronq techn,ical
services group, a fu'll R&Ddleport-
ment, and one of the largest parts
inventories in the industry.

SURfACE COMBUSnO, INC. .. 1700 I DlAN WOOD (IRm ... MAUME:E,OH 4353.7 .. PH. (BOO)537·8980. (419)891-7150" FAX (419) 891-7151
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A.F.C. - PiFco
49630 PooliM: Trai!I
WLtOlll, MI 48393
248-624-8191.
Fu: 2411-62.1-37111
E-mail: SllJnfila;fi~pifco.com
Web: ..._afc:-plf~·com

Abball ~furnx:c COII1pa!lY
1068 'I'rool. Run ROI!!d
S&inl MiUp. .PA 15857
814.;711.1-6355
Au: 814-781·7334

m;ill: ullbJa/"s pe1ffl com
Web: """""~potM.ctJmlabbcl:rftU'rnJU

ABS Mel.illiurgicall ProcCMOrS Inc.
4313 IE. Mognolla SI.
I?I1;xni:x. AZ 85034
602437·3008
Fax: 602471).030\1

Accuml£ SUlci il'Cllling
10008 M iller Way
South G -!e, CA 902IID
562-927-6528
FlU: 310-921·8591

Advanced Heal ThaI Corp.
1625 Rose SL
MOIIIW. MI 48162
734-243-0063
Fu: 734-243-4066
Wd!: ........!tlhJW~b.m'"

Ad'i'M<.'Cd1 Heat Trw, CoIp.
2839 B~1'!O!l Avenue
W.'~Ioo. IA 50703
J 19-232·:5221
Fax: 319·2324932
E·nwl: mkr jU"·"'ITitllng.cam
Web: """"'l.ahtw~/);(Om

Advanced ·I-!ew Tn:ating Inc.
itnu! Run Rd.
SI. Marys, PA 15857
81 ....781·3744
Fax: 814-781·3230
E·mail: clu!rr).filocl.l!I.ra1.n11f!

Ad~ Metallw-gical Tcdmo]ogy
212 Po eAve.
1!'on!Honh. TX. 76110
811.921.':100
Fu: 817-921·:5372
E-1I!.Ill: WlllSmim I:al'lh1iM.1Id
Web: ........ ,.h .. lUlrrall:n.com

Advancedl1bcrm.al Toclmologies, Inc.
P.O. Bo1!l8"
3668 East U.S. 6
l<i::mlnllville, IN 467S5
219-341·1203
F8JI: 219-347·3568

I\ju Magndhe.nnl Corp.
1745 OverllUld An.
Wllrftll!, od 444112
3JQ.37z.:8SJ •
Fix: J.».J11.MOll
E-mall: qftu:saln 1!jtur_,.COIII

I I Alb;my Mew TreatiDl!
400 S. Dowden A~.
.AUJlIIIY,IN 41320
317·789-6410
fa~:317.789-6839

A1co Hw Tn:ating Corp.
130 Verdi Sl
Parmingdaje, NY 11135
.5.16-249·1660
Fu: 516-249-7889

Am~ M.ew Tw.1.tilll!
P.O. BOK6
Eola. a 60519
63CJ..8S I·S88O
Fax: 630-851-0133
E-11II!:i1:aLlru@i.r.nl:lcam.colII

AllreIId Produc
22 S. Main SI.
Terryvill . CT 06786
860-5 9-3566
Fax: 860-589·3566

A1pba He.!. TreAIm
210 Emili iRid.
Emigs\'iHe. I'A 17318
717·767-6751
Fu: 717·764--0129

A1Mncan Bl1l2iing
4428 Hamann Pkwy.
Willoughby, 01'1 44095
440-946-:5900
F - : 440-946-3091
E·!!!!!il;j~1WIn@paul/N'/l.com

American Cryogenics-Inc.
203 l'mvis we
W um!m, WI 53189'
41 .....51J..0486
FIlA: 4.14- S I J..OA.8:5
E-mail; jim@OIMrlcancl"}'O~~lIin""",
Web; WWMUlml:riCant:I"}'OlI"llia.com

A1Mrican Heat Treating
1346 Moms Ave..
DaytOn, OK 4:5408
937-461·1121
Fax: 937401·11,66

American M.elal Proca.sinll Co.
22.120 Nagcl
Wanell. MI 411089'
810-157·1331
fall: 810-757·8232

An1HiI:an'kDiI 'fiWI!!c co.
100, 1:1. 62ild1 sc.
UI!:_III!II.OH 44103
216-4J14192
:Fu:: 216-4JI.l5Oll
'EAnaII:~_
·~Mi. ~rIIdI!_-*tppb!!r;lllln

Ammcan Melal Treating lnc,
P.O. Box 4157
Hlgh Pain.. C 27163
336-889·3277
Fu: 336-889·7950
Web: www.alMn·melal.(tJnt

AMT Monroe Ine,
615 HuborAve.
Mol1l'l>l:, MI48162-5601
734-242·17.33
Fu: 734-242-0993
E-mail: 1JIIlLmIi11l I:anltJinJl:.nt!/
Web: ............!wQltrraJus.t:OIfI

AI' Westshorc. Inc.
4OOOS!.!Ile Hwy, 91
Oshkosh. W1 :5<I9()II..9217
920-235·2001
Fa:.:: 92CJ..23S-2701
E·IIl!!i.I; adiapwfilat1l.com
Web: ....w.appli~dpror:tlu;(_

Applied CI)'t>gCnics ~Inc.
1191 Cbe toUI. SI.
Newton. MA 02164
617·969·6400
Fax: 6\1·969-6266

Applied ~ Int'.
12238 N~wbIL... b [Rd.
t.Ivol!la, M..J 481~·1'046
7~2030
Fu:134464-631."
E-mail: jlmugh@4ppU_dprnc.sl.tOlfl
Wrb: ·'N"i4Iw,applitdproc~u.~Qm

AttOOSphcre A..!Lnea.lillgInc.
1300 IndustriaJJ Dr.
N. Vernon, IN 47263
812·346-1275
Fu: 8.12·346-4534

B
Beehive Heal Treating l.nc.
132WaierSI.
S. Norwalk, CT os :5<1
203-866-163S
.r:a:.:: 203·8:55·9321

Benedict-Miller I·nc.
Marin Ave. & OrIent. Wa.y
Lyndhurst. NJ 0707 1..Q912
2014 8.3000
Fa:!:: 201-438·3137
E-mail; j"fofilwMdlcr'lfIiII~r.r:am
Web:_w.bt:Mdicl·mlll~r.c_

B_ Heal T!eadng
690 Fen")' sc
Newark, IIIJ 07105
913-589'-0:500'

, Fax: 973·5]19..65111

BodyCOl.e 1'I!m!!;!lProa:&sioll
W:5<I3 Doric S!JeC1
DaJ.las, »:75220
214·9Q4..2438
pax: 214~904-243J
E-mail: llancdJlmdycole·na.com
Web: ....fWW.bottycoIiHIlI.com

BodyCOle Thrn!!!!.l. .Processing
200S MOlI~mery SI.
F<m: Wonh. 'IX 761011
817· 737·665 1
Fu: 817·377·9610
E-ma.il: I"rU[Ilk bcdycO/NIlI.oom
Web: WWK'.bcdyco/t-na.eom,

BodyCOl.c Inductioo Proc.ess.ing
8468 Ronda Dr.
Canton, MI. 48:187
734-459-8514
Pax: 734-459·8195
E.mail: ~h!lllon@bod cote-na.com
Wtb: _badycol~·n·Q.mlll

BodYCOI.e S,w. (ru:,
1240 N. Hl!T'i1!rdAve.
Tulsa. OK 74115
918·834-0855
FD~9111-3364162

Bodycoo: ThmnaI Processing (Vilest)
18600 Oxnard Stm:! -

'I'm.arnI, ,eA 91356
8111·344-0216
Po: 818-609-9312

BomakCorp.
Si~ lcffenoo Ave.
Woburn. MA 011ID1
61H3S-'11oo
1'0: 617'932·0:5<12
E·maiI: bcmakinmuJry.1V1

Bona! Thchnolollil! loc.
2111& IBruige SI.
Soulhfield. M I 48034
248-353-2041
Fax: 248·3:53.2008
B.mail: bcnallhurJl.com
Web: 1\'W>O:bcnal.COlOl

ThcBowdil Co.
2030 Indus.llia] PlIce S.
Canton. OH 44707
216456-7176
Fu: 216-456-4625

BrwIdodt Mel.ll.llwpcall
14600 DuYal PIaa: Wal
Jacksonville. 'ft. 3221
904-741-4777

I Fax: 904-1414_13

Bra&lock MetallllrJliCll1 Aillhamn
3008 Red Morris Pk.wy.
Anniston, A1. 36207
205·831·5199
Fu: 205·831·5680

~B:mzillll.& Me!ll.l1'realios
IDiv. of HI TecMelil Grou.lI
1101 !E. 55th St.
Cleveland. 01'1 44103
216-8111.8100
Fax: 216-1181-68n

8ruing &; _ew T:"rWin8
Diy. of HI iecMeI.al. ,Group
1379 Jamikc ,In,
Elrlanger,lKY 41018
606-647· III 5
Pax: 606-647· :116:5

BnIZlng & Mew ~1in8
2501 Hj Tee kvenue
Albert Lea. MN 56007
507·373-9630
Fa: 507·373-3771

Brill: Bnzinl!
5476 J:..aG Ct
Ocveland. OH 4411"
H6-881.8100
FaA: 216-881-6811

Brite Metal 1'_00 Inc.
8640. Bessemer """e.
Clevelaod, OH 44127
216-341.2266
Fa:.:: 216-3414273

Bucyrus lntemarsmal, Inc,
1100 Milwaukee Ave.
S. Mil.wa.ukce, WI 53172
4 !4-768-4000'
FlIX: 414-168·5221

Barbank Stu], Treating
41S, S. Varney Sl
Bwban " CA 91S02
213-849-1480'01" 81 .842·0975
Fu: 213-849-3139
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Cal-Doran D.ivwon
1804 Cleveland Ave.
N~tional CilY, CA 919:50
619-477-2121
Psx: 619-477-1219

California Surface HMdening [nco
1315 S. Alnmedn SI.
Compton. CA 90223
310·608-5576
Fax: 310-608-2072

Calumel Surface Hatdc.ning
6805 c ook Ave.
HlImDlood, IN 46323
219·844-5600
Fn: 219-845-1046

Can-Eng Fumaces Ltd.
P.O. Box 235
Ni1\g!!!"llFall., NY ]4302-0235
905-356-1327
Fill': 905-356-1817
E-mail: lumoceS@CIl"·~"g.com

Carolina· ommerciul Henl Treating
I P.O. Drawer 1368

Fountnio Inn. SC 29644
80,3-862-3516
Fax: 803-862-4466

Caterpillar [lldu trial Product> Inc.
100 N.E. Adams SI.
Peoria. IL 6]629-4315
309-675-5451
Fax: 309-675-6457
E-mail: ro.rg~aN@cal·.e-.mail.wm

Cel!lr.!I Kl!nrucky Pnx:essing'
Hea! T=I Divlsien
'657 E. 7th 51.
Lexington, KY 40505

, 606-231-0226
Fax: 606-231-9464

Cenruty SUIl Metal Treating
2411 Wesl Aero Park 0.
Tt;!VefSe CiIY. MI 4%86
616-941-1800
FaA: 616-941·2346

Certified Heat Treating Inc.
1200 E. First SI.
Dayton, OM 4:5403
931-46.1-2844
Fax: 937-461-4519

Certified MeLlll,Croil Inc.
817 Vernon Way
1':1Cajon, CA 920,20
619-593-3636
Fill: 619-593·3635
E-mail: cmci@c:erlifi~dm ..lalcraft.com
Web: ·www.cerlifiul".~IIllt:raft.comlcmd

Chicago F1sl!1e Bm:denillll Co.
5200 Railroad Ave.
East Chicago, IN 46312
219·391-6415

I F~: 219.391-4{)29'

Chicago Induction
J305 w. HMIi'O!!
Chicago. IL ,60624
173-826-1213
Ill: 773·82,6-1178
·mwl; fJmygoslt@Qol.com

Cincinnati Flame Hardening Co ..
375 Security Dr.
Fairfield. OB 45014
513·942-1400
Fax: 513.-942-141.4

Cinc.inmni Gear Co.
5657 WOOSle~Pik~
Cincinnau, OH 45227
513-271.2100

42 GEAR TECHNOLOGY

Fax: 513>-271-0049'

Cincinnati Steel 'F:~J1!l
5701 Mariemont Ave. -
Cincinnati, OH 45227
513-271-3173
Fax: SI3·271-3510

City Steel Treating Inc.
13007 Los Nietos Rd.
Santa Fe Springs, CA 906 70
562·941-1246
F~: 562·941·1241

Clearing Niagara
P.O. Bo~.475
BuffBIo.. Y 14240
716-893-4010
Fax: 116-893-4084
Web: www.cnb-iflll,rom

Cleveland Flame Hardening Co.
935 We.st.Ave.
Cleveland, OH 441.13
216-241-1333
Fax: 216-241·3946

Coleman Commercial Heal Treating
2867 HaJ"lg!lr Rd.
Mempbis,- Tl 31111S
901-36641204
Fax: 901·366-0nO

Commercial Induction
11116 Avon Ave.
Cleveland. ou 44105
216-881-8100
Fax: 216-881-6811

Commercial Steel Treating Corp.
31440 Stephenson .Hwy.
Madi!Oll HeigliJs, MI 4&071
248-5811-3300
Fax: 2411-588·3300

Contour Hardening Inc.
7898 Zionsville Rd.
Indlanapolis, I 46268
311.816-,1530
Fax: 317-8:79-2484

Coopetheatlne.
410 WalCot Rd.
Westl!!ke. LA 70669
3111-882·11100
Fu: 3UI-.8112.IIII I

'Custom Heal TreatingCo,
4111 Meadow Lane
Bessler City, LA 71111
318:-742-6662
Fax: 318-742-4135

Delavan Sleel Treating Operation
2250, Fuller Road
West Des Moines, IA 50265
515-225·6565
Fax: 515-2215-8712

Delphi Engioeerlnll &, Contracting Inc.
13! Bl!!cl;wood Bamsboro Rd. -
Sewell. Nl 08080

, 6094684839
Fax: 609·2211·9354
E-mail: d~c76@aol.com
Web: """'"""'thlph;~lIgilVrin8.com

Detroil Flame Hardening
17644 Mt. Emon
Detroit. MI411212
313-891-2936
!Fax: 313·891-3150
E"ma.il: 4fhinc@~arthlink..1/Ll
Web: ",,,,w.,,~rwork 'OOO.comldr.rflam~

lRtroitSteel Treating Co.
1631 Highwood Easl
Pontiac. Ml 48340

Z48-334-7436
Fax: 248-334-189!
.E-mail: B71652@ool.mm

Dlamoed Heat Treating Co.
5660 W. Jefferson
Detroit, Ml 48209
313-843-6570
Fax: 313-84.2-0,280

Disston Precision Inc.
,6795 Stale Rd.
Philadelphie, PA 19135
215-338-1200
Fax: 215-338-7060

Owe HeI!! Treating Co.
425 Coon~ R.oad 30
Florence, AL 35630
205-767-1752
Fax: 205-761·1513

Duje Machirue &, Hea.l Treating Inc.
711 E. Franklin
Gastonia, NC 28054
704-864-5454
!Rax:704·864-5456

Drever Heall'reBting
6201 Robinwood Rd,
Baltimore. MD 21225
410-789-6161
Fax: 4.10-789-6659

The Du.1fy Com]!!!O
283 - -t Hellen -Road
Palatine, IL 6OIHI:'7.fi954
:84-7.201,,0000
FlO: 1147•.W:M(I04,

Dyn.amic Metal ne!!!i!!!!
7784 Ronda. Dr.
Canton Township". MI48187
734-459-8022
Pax: 734-459-7863
Web: ww",.blgl",()fuh'~cl.netldynt1mic

Easl CIIIOUOOMelal Treating Inc.
1010 S. Saunders SI.
R.aleig.b. NC 27603
919-8:34-2100
Fax: 919-833·1764
E-mail: rockylll@aoi.t:OffI

East-l..ind !:lea! Treat
32045 Dequindre
Madison Heights. Ml 48011.
248·585·1415
Fax: 248·585-3045
E-mail: easllilJd@OO/.com

E.c.lrelHeat Trent
8035 W. County Rd.
Odessa, TX 79764
915·362-4336
Fu: 915-362-1821

Edwa.n:ls Heat Treatin8
642 McCormick St.
San Leandro, CA '94577
510-638-41.40
Fax:SI0-638-1438

Elmira Heat Treatin!! [II(;.
401 S. Kinyon SI.
E1mi.ra. NY 14904
607·134-8904
Fal!: 607-732-2572

I E!!gineuedi Heal Tm!llnc.
3U71lephCDcW!! Hwy.
Madison IIkjghts. MI 4&lt71
248-S88-S14~
Fa:.:: 248-588·6533
E-,mail; ,hlrp@ODLcom

Web: '...""....,htl1U:.colff

&i.e Steel Treating IDe.
5540 1ackrrum Rd.
Toledo, 08 43613

I 419'-478-3743
Fax: 419-4111-0'109
E-mail: ~rl~n ..~I@loledolir!k.com
Web: www.erii..(.om

Euclid Heal neadl! Co.
1408 E. 22~nd St.
Cleveland. OH 44117
216-481-8444
Fu: 216-481-3473

Fai_rfield, Meg. Co.
P,O •.Box 794Q'
.Larayeue, lIN 4790l
765474-3474
Fu:317-477.7342

Feinblanking Lid.
9461 teSaint Dr.
Fairfield. OH 45014
513-860-2100
Fax.: 513-870-5146

Fenton Heal Treating
3605 Hornesread Duqucsee Rd.
We t Mimin, PA 15122
412-466-3960
Fax: 412--466-7931

flame H!!RIen.ing Co. or Califomi
6057 L!!.le SI.
Huntington Park, CA 90255
213-589·5066
Fax: 213-5119-5403

flame MeI4ls Processing Corp.
7317 W.l..ak!: SI.
St. Louis Park, MN 55426
612-929·7815
Fax: 612-925-0572
E-mail: jirrl(;@jlam~mI!rQ/J;.mm

Fluxtrol Manufecturing Inc.
1388 Atlantic Blvd.
Auburn Hills, M148326
810-393-2000
Fax: 810-393-0277

!RoxSteel Treadng Co'.
2220 Gratiot Ave.
'l.Je!JQil, Ml 48207
888-IIIS.()808
Fax: 313-:568-0148

fPM He.IlI Treating
]501 S. Lively Blvd.
Elk Grove, IL 60007
1147-228·2525
Fax: 847-228-9887

FPM Ipsen Heat Treating
666 Roule 20,
Cherry Valley. IL 610 16
815-332-4961
Fu: 815-332-3022

fPM ~ilwll,ukee
8201 W. Calumet Rd1
Milwaukee. WI 53223
414-3~5·7900
Fu: 414-355-4719

Fmntlinl Sleell1'rel'lling Co.
uno Ridge SL
Columbus, OIl 43215-1J90
614-488-2556
Fax: 614-4&6-9489

Gear Company of A~erica
14300 Corgin Ave.
Cleveland. OH 4411.1,
216-671·5400
Fax: 216-611-5825
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General Heal Thcating Corp.
6770 Benedic! Rei -
Eas! yncl.lsc. Y 13057
315-437-1117
Fa::<:315-433-1194
Web: WWI<:g~nerolhl!l1l1retlling.rom

General MeW Heat Treating Inc.
941 ddi50ll Rd.
Cleveland. OH 44103
216-391-0886
Fax: 216-39I..Q890

Cleo. H. Porter Sleel T=ting Co.
1273 .E. S51h SI.
Cleveland. 01-1 44103
216-431·6601
Fa::<:216-431-0009
E-mail: 11'J!!<11ing@ooi.colR

Gibson Heal T!n:a! Inc.
2037 Brookside Ln.
King port. TN 37660
423-246--S542
Fu.: 423-246--8629

Gleason Pfauler Hul1h Culling 'fools
1351 Wmdsor RO!!d
lcO'-esPa..rk.. Il 6U U
81$·877·8900
fax: 815-87'-0624
E·mall: sa1u~pmcl.com
Wtb: II''''II'.pnuUom

The Gleason Worts
1000 I mnrs:ity Ave.
Rocheslu, NY 1.4692'
716-46J.fIOSI
Fall: 716-4M.149~

GlobaJ Heal Treat Inc.
54· ROYle 130
Ym!\IWe. NJ 08620
609- 298-1200
Fax: 609-298-7958

Good Earth 1Oo1s. Inc.
Four Industrial Drive
ery.m.I. CiJ),. MO ,63019
314.937-3130
Fax: 314.937-3386
R-mail: (t(}()l/.umhloo/s U5a.m~1

Ora.1!dR~pid. Commercial Heat Treating
3832 Bucharum Ave. S.W.
Grand R.npilh, Ml. 49548
616-243-UIII
Fax: 616-243-4080

Ii M Metll! Processing
1850 Front St.
Cuyahoga Fall, OH 44221
800-304-2636
Fax: 216-928·5472

H _ S Heal Treating
P.O'. Box 160
133 Sou!ll 51. N.
Po!'! Rohinson. 0 LOSI~O
Cwlada
905-384.9355
Fax: 905-384.9110
E-mail.:h.rheat@l.a.uiM.com

Hansen-Balk Steel Treating Co.
1230 Monroe N_W.
Grand Rapids, MJ 49505
616-458-1414
Fax: 616-458..6868

Hanni Richmond Inc,
2800 Cbarle ell)' Rd.

I Richmond, VA 23231
804-2J6.524I
FaA: 804-236-5284

HealTreat~.orAJncrica
1120 W• .Il9!h SI.

Chicago, 11..60643
773-264-1234
Fax: 773-264-4321

Heat-Treating Inc,
180? W. Pleasant St.
Springfield. OH 45506
513-325-3121
Fax: 51.3-325-3117

Hul treating Nelwork
16600 W. Sprague Rood.1Il75
Cleveland, OH 44.130
440-243-8990
Fax: 440-243-8992
E-mail: hSUln.e.l@aol.col1!

Heal Treating Services Corp.
217 Central Ave.
Pontiac, MI 48341
810-858-2230
Fax: 810-858-22-42

Hi TecMetal Gl'OIIp
I tolE. SS!II 51.
ClevelJmd. OH 44103
216-881-8100
F8JI: 216-881-6811

Hiuderliter Heal Treating Inc.
1025 N. Paulin St. -
Anaheim. CA 92801
714.776-8312
F8lI.: 714-776-8446

Hinderliter Heal Treating Inc.
10530 Doric St. -
Dallas, TX 75220
214-357..Q394
I'ax: 21.4-3SHlI95

Hinderliter Hcal 'I'r-.ating me.
18600 Ox-nard SI.
Tarzana, CA 91356
8IB-344..Q216
Fax: 818..609-9372

Hinderliter Heal 'l'realirlg Inc.
1240 N. Harvard
Tulsa,OK 741.15
918-834-0855
fax: 918-836-4162

CONDURSAL
STOP-'OFF PAINTS,

.Thefirst choice of ie'adillg 8ear
ma~".{actllrers,zo;r selectIVe

carbunzll~g '& mt"dll~gprocesses ..
Condursal 0090 I Gas CarblLri~g & Carbonirriding

Condursel 710 I Gas Car'burizi.ng
Conduron G55 J Deep Case 'Gas Cafburizing

Cendursal N523 J itriding
Condursal 0118 CR I Nitroear'burizing

Ccndursal N-9 f Ion Nitriding
Condunal P' 362 I [lack Carburiring
'Condursal Z 0095 I Scale Preenrion

The ,only alternaUve to
copper Plating that wo~k's!

TH<JnUFFY COMPANY
.. ,,283 EastHellenRoad

.. .. , P.alatll1e, Illinois 60067-6954
- (847) 202-0000

FAX (847) 202-0004

Hitech Metallurgical Co.
7384 Trade SI.
San Diego. CA 92121
619-586-7272
Fax: 619-586·7598
E-mail: aajb8@proliigy.c:om

I G'ROUND GEARS'- Ten or Ten Tho.usand'
I For small to medium QuantiNes_01 spurs or helicals that have to

meet close-tolerance AGMA or DIN specs, our Reishauergrinders.
and M&M gear analysis. systems are the perfect combination.

For Long runs, we offer the unique Uebi1err CBN grinding
process with full SPG Quality control and documentation.

So whether your needs are for ten or tens of thousands, we
invite you to join the growing: list of INSCO customers who rely on
us for consistent quality, reasonable costs, and rellable delivery.

G. IPHONE: '978~448~6368
IFAX:978-448-5155

. WEB:Inscoco~p.Ci)m
ns.C. .0 412 Main StIOOt. Groton, MassachuSlJlts 01450
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Hi-Tech Steel Treating Inc.
2720Roben S['
Saginaw, MI 48601
1100-835-8294 or 517·753·1455
Fax: 517-7S3-2368
Web: .........,hileooled.com

.Holcroft
12068 Markel St.
.Livonia, Mil 48150
734-511.1-.1000
Fax: 734,591-64'0.
E-mail: raln@ilo/cro/tcom
Web: ",ww.hoiuoficom

Horizon Steel Treating Inc.
231 Jendus Rd.
CI!fY. IL ·6001.3
847-639-4030
Fax: 847·639·198l
iE-mail: Mrwyslour@hormail.i:om

Horsburgh & SCOII Co.
5114 Hamilton Ave.
Cleveland. OH 44114
216-431-3900
Fax: 216-432·586.1
iE-rullil: rpc@l!orsburgh,scoll.com
Web: "",,,,,,hon/1uf1/h,,cfJll.com
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, Houston Flame Hardening

215 N. Jenkins St..
Houston, TX 77003
7 13-926-8017
Fax: 713-92608316

HTG Aerobraze
940 Redna Terrace
Woodla ....n, OH 4:5215
513-772-1461
Fax: 513-1/2-0149

HTG Commercial Induction
40 WEast Ii6th S(J1le!
Cleveland, OM 44105

, 216-881-8100
Fax: 216-883-4822
E-mail: h,gsal~s@apk.n~1

Induction Heat Treating Corp,
775 Tek Drive
CI)'SlaJ Lake, II.. 600 14
815-477c7788
Fax: 815-477-1/84
E-mail: i.htcorp@mc.nel

KfG Hilech Aero Divisioll
34800 Lakeland Blvd.
Eastlake. OH 44095
44!J..946-2280
Fax: 44!J..946-2283
Web: www.hjlumetalgroup.com

Hudapl!ck MeUtlI1'reallng,-Elthom
9'79 KDQpmen Lane
Elkbol1l" W1I 53121·2203
414-723-3345
F!Q; 4~4-'23-3'S2
Web: wMlMl.Iwd4pa,kmeia1Jrellting.com

Hudllpack Metal, 'il'reallng,
-Glendale Heights
550 Mitchell Road
Glendale Heights, lL 60139
630.858·0505
Fax: 630·858·13[3;
Web: www.nu4iIpackm.elllbrcoling.cottl

Huron Mcta.llurglcalln.c.
12611 l1agget!y Rd.
Belleville, MI 48111
248-452-230 I
E-mail: hrsqJ@aoi.com

Hydro-Vac
lin Marquette St.
Cleveland, OH 44114
216-881-11100
Fax: 216.881.681.1

Hy-Vac Technologies Inc.
1570 I Glendale Ave.
Detrou, MI 48227
313·838-2800
Fax: 313-838-21102

ms, an Inductotherm Co.
5009 Rondo Drive
FI. Worth. TX 761 06
817-6.25-5511
Fax: 817-625-1872
E-mail: i.ifo@iils- ..sa.com
Web: ihs-usa.com

llliana Heat Treating Inc.
P.O. Box 1466
Danville ..JL 611134-1466
217-443·5418
Fax: 217-443-5419

Impact Strategies Inc.
P.O. Box 5317
Clinton, Nl 08809
908.730-9163
Fax: 90S- 730-8334

, Induction Metal Treating Co.
p.o. Box 748

,44 GE-"R TECHNOLOGY

York. SC 29745
803-684-2548
Fax: 803-684-9381

Induction Services Inc,
24800 Mound Rd.
Warren. M.I 4800 [
810-754-1640
Fax: 810-754-5402

Inductoheat Inc.
32251 N. Avis Dr.
Madison Heights. Ml48071
810.585-9393
Fax: 810-585.()429
E-mail: moorhou.r@imluclohear.com

Industrial Metal Treating Corp,
402 B. Front SI.
Wtlmlngton. DE 1980 1
302·656-1677
Fax: 302-6560437,0
E-mail: rib~c@voiunet.com

Industrial Steel Treating Co.
P.O. Box 98
jackson, MI 49202
517.787-6312
Fax: 517-787-5441
E-mail: swilco.x@ifuisrl.com
Web: ·www.indsrJ.net

Industrial Steel Treating Inc.
3370 Benedict Way
Huntington Pad. CA 902-55

, 213-583-1231
Fax: 213·589-1255
Web: www.industry.ner/'",r

International Induction Inc.
1504 10th Ave.
POll Huron, Ml 48060
810-984-3803
Fax: 810-984-3801

Ionex. Inc.
6633 Bellaire Highway
Bellaire. M149615
616-533-1%60
Fax: 616-533-6669
E-mail: ljiHJmarrl@iona.com
Web: www.ionacom

Ironbound Heat Treating
304COJ;S~t
Roselle, NJ 07203
90S- 245cQ717
Fax: 908-245-6255
Web: wwvdbht.com

Irwin Automation Inc.
715 Cleveland SI.
Greensberg, PA 15601
724-834-7160
Fax: 724-834-4670
E-mail: iai@westol.com

JIIS(lO HeatTreatlng IDe.
75 Macednn Center Road
FIILIJ)Q!1, ,\' 14450
116·]88-1040
Fill!:: n6-377.1lU
E-mail: jagpit!s@ooLcom
Web: ...w ....m.emo"comljasco/

JCS Engineering & Development
211 W. 22nd SI.
Hialeah, FL 33010
305-838-7911
Fax: 305-8S8-9913

John V. Potero Co.
4'225·35 Adams Ave.
Philadelphia. PA 19124
215·533·8988
Fax: 215-533-9210

Kowalski Heat Treating Co.
3611 Detroit Ave.
Cleveland. OH 441 I3
88S-KIH-HEAT or 216-{;31-441 I
Fax: 216-631-8921
E-mail: Ichrheal@aol.com

I..ake County Steel Tl'elJ.l.ing
960 Anita
Antioch, IL60002
847-375-8174
Fax: 847-395-7638

Laser Machining, Inc,
500 Laser Drive
Somerset. WI 54025
715·247-3285
Fax: 715·247·5650
E-mail: sales@iasemllUhining.com
Web: www.lasermach.illlng.com

lawrence Industries Inc.
2720 S. Comhusker AVe.
Hastfngs, NE 68901
402-463-3158
Fax: 402-463-4128

Lindberg Heal Treating Co.
675 Christian Lane
Berlin, CT 06037
860-225-1691
Fax: 860-229-3891
E·mail: berlin@linlibergcl.com

Lindberg Heal Treating Co.
8316 E. Freeway
Houston, TX 77229
713-672-6601
fl!lt: 713-672-5164

Lindberg Heal Treating Co.
1975 N. Ruby SI.
Melrose Park, IL 60160
70.8-344-4080
F~: 708.344-4010

l.indberg Heat Treating Co.
16167 W. Rogers Dr.
New Berlin. WI 53151
414-782-5553
Pax: 4[4-782-5660'

Lindberg Heat Treating Co.
4210 Douglas Ave,
Racine, WI 53402
414-681-4280
F!Il<: 414-639-5719

Lindberg Heal Treating Co.
, 62,0 Buffalo Rd.

Rochester, NY 14611
7160436-7876
Fax: 716-43605276
E-mail: rroberts@ft'onliemeI.nef
Web: www.tindberghtcom

Lindbetg HeM Treatins Co.
6133 N. River Road, Suite 700
Rosemont, u, 60018
847-823-2021
Fax: 847-823·0795
E-mail: Ihlclbrown@aQI.com

Lindberg Heat Treating Co.
650 E. Taylor Ave.
SL Louls, MO 63147
314·382·6200
Fax: 314-382-3741

M & M Heat treat
1309 Main Sl.
Essexville, MI 48732
517-893-3617
Pax: 517-893-4423

Macdhul Probe of America
9300 Pinecone Drive
Mentor. OH 44060
440-350-0400
Fax: 440-350-0047

M~gnum Metal Treating
4400 N. Frazier SI.
Conroe, TX 1730'3
713-353-8615
Fax: 409-856-6607

Ma=ings U.S.A.
.200 Ric!tmb Ave.
Dover, NJ 0780 I
800-447-4473
Hu: 973-537-1581
E-mail: MANNINGS@woridmll.atl.rrer
Mannings@aol.com
Web: manningsusa.com

Master Heal Treating Inc.
Sl Brown A~c. -
Springfield. I'll ,07081
201·379·7320
FiIlt: 201·379-3214

Merit Gear COIp.
810 Hudson si,
Antigo, WI 54409
715-623-2301
Fax: 715-627·2558

Metal Improvement Co.
1515 Universal Rd.
Columbus, OH 43207
614-444-1181
Fax: 614-444-042!

Mew Improvemenr Co.
116 Southpark Rd.
Lafayette, I..A.70.5011
318-837-9273
Fax: 318-837·2505

Meta! Improvement Co.
8201 N. 87th St.
Milwaukee, WI 53274
414-355-6119
Fax: 414-355-9114
E-mail: melalirf!p@at!cpc.com
Web: WW\II.~I"limprvlit!mlttU.com

Metal Improvement Co.
1618 Ida
Wichita, KS 672 II
3lf,·267 ·8201
I'M: 316-261-5135

Metal Improvement Co.
1019 S. Mclean Blvd.
Wichita, KS 61213
316-267-8201
Fax: 316-.267· 79<J4

Metal Methods
260 Chenault Rd.
Frankfort, KY 40601
502-695-5700
Fax: 50'2-695·5702

Metal Processing Co.
3257 N. 32nd sr
Milwaukee, WI 53216
414-811-9010
Fax.: 414-871-3910

Metal Treaters Inc.
859 N. Prior Ave.
Sll'.aul. MN 55104
651-646-1317
Fax: 651-646-7705

Metal Treating Inc.
1575 W. Pierce St.
Milwaukee, WI 53204
414-645-2226
Fax: 414-645-9U8
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Metal Treaung & R~
1.6801E. 69th Ave.
·DeoYO'. CO 80219
3OJ.2M-933
FWI: 303·28f1.9366
,E·IIIlIil; lIlUfJlJIIrr@tfiJMJUioftaJ.roIIJ'

Metallurgical Inc,
900 E. Hennepin Ave.
Mumeapoh MN SS414
612-378-1500'
Fat: 612·]78..Q462

Mc14llurgL_ ~ing IDe.
~O. Bolt 10842
ForI Wayne. I 46854
2\9-U3-\69'1
Fax; .2191422-2656

Mcla.1 .Engineering Inc,
1800 Sooth Broad.wiIY
Green Bay. WI! 54304
414-1·]7.1686
Fax: 414-437·7687

.M~lI.Ls.Ta1moIogy C"'P.
120 0I1h Sc!unale Rd.
CIII'OI Stream, JL6011l8

i 636- :!21·2S00
fu: 636-221-01201

MdlII-tecH t=ting Inc.
4723 W. SIaIIOD SL
Ei hI Mile. All. 36613
334-456-1133
fU.3)4..456-II34

Melll!b Co.
1000 E. M'"nnaid Ln.
WyndlllOO1'. PA 19038
21S·233-2600
'f : 215-233·5653

Metro teel Treating
9792 Grinnell
Detroit. MI. 411213
313-921.-5522
Fat: 31.3-921-0363

M -Tck Inc.
15651 S.E. I 23th Ct.
CIacU!nas. OR 91015
5OJ..636..3203
Fax: 503-655.fl898

Mi:!·Tck. IDe.
1800 ~elvin A,-c.
Racine. WI 5l41W
41"-'639-8357
fill: 414-639-7152

M-,cl!Jg:m f'IIme thnIe!Ling Co.
2241 Bellinglwn
Troy, MI 48083
810-689- 3737
Fu:: 810-689-0680

M ichigan Induction I.oc.
8468 Ronda Dr.

E-mail: .",ilfllJSl~T (H!oniiM.ffJIf!
Web: M'l' ...... michigan·iMl.lcliolLcom

Iidlend M'd.lI1'.-ing Inc.
5512 W. Airway Ave.
FPI~kLin. WI 53132
41 '21·5140
Fax: 414-421·2360

Mid", est fl~ Hatdeni!! Inc.
500 W. l5()Ih 5!.
Ells. Chiclljo. [PIlI 46312
219- 91-8423
Fu: 219·391 _ 80

Mid""e.lem Machinery Co.
902 ' 4th SUCCI

Joplin. MO 64 02-2214
417 -624-2400
Fo.: <1"-624-2430
Web: "'II'11'.mwdrlILrom

Modem Indll5uie Inc.
613 Wc.'1 11th Sl.
Erie. PA 16512
814455-8061
Fu.: 14-4S4-lO!iIO

Modem Atc!aI Processing Inc.
3448 CO!'\\'lD Rd.
P.O.Bo_~22
WiJjillll1S1on.MI 48895
517-655-4402
FaA: 5 J7.-655-l795

11.10100 Gear III Shaft
335. . [liiooi , St.
PaIl!l ine, II. 60067
847·239·3750
FaA: 847· 7OS-8149

Mountain Melliliurgicill Corp.
P.O. Box <l6O
Elizabethton. TN 37644
423·543-7212
Fo.: 423.542.3519

MPTAmeria
27525 cwbalJ Ranch Rd. Urnl 4
\Ialmcia.. CA 91355
8O~·257-1933
Fax: 805-257·1936
E-mail: mpl·j~ll@pw_.rUlride.c_·
Web: "'II"".pWIM-.l'lilrid~.com

National Induction Heating
6300 E. Ten Mile Rd.
Hazel Part. M1 48030
81 [)':547-5700
Fax: 81'[).547.S702

Nl1Ioonl Meal Proeessln Inc.
450 /II. EsIJli .A.ye.
P.O.Bo,2S0
Richmond. KY 40476-0280
6IJ6.613·929I
F : 6IJ6.623·929I
&mail: NSGrm.ls@ooLc-om

Nell1cson Steel Treating
1371 451l! _I.
C1evcllmd, OH 44103
216--881·8100
Fax: 216--881·6811

Nitrex Metal Technologies Inc.
4211 M.inwllY Drive
Burlington, Ontario LiL SN9
Canada
905.319·9238
Fu.: 9115·319.9260

';IJ'eJl d.lI Tttbnologies Inc.
822 IGm Drive
MlI.SOfI. 11.11481154
511-676-63701
Fu: 517-676-6427

Web: M"'K'W.niltr:J'.rnm:

ilJ'6 Mel.lll Technologies Inc.
3474 Poili1t:r Blvd.
SL Laurent, Que.1lI!C H4R 2]'5
OmJld!!
514-33S·7J91
E-l'IwJ: ni~ni/=.com

Spirall & StraigM Bev,ol Gear anufactlJr;ing.
Commercial to aircraft 'quality gearing.

:Spur, helicall, s,plined shahs. interna'i ,Ii ,extemal.
s!f1aved& groundl,gears. Spinill bevel grindingl,

Mil·I-45Z08, • Mill,STD'·4566Z. SPC

MrDWEST GEA_R
It. TOOL. INC.

2&169 Groesbeck Hwy.
Warren,. MI4BOB9

CIRCLE 137

We supply these and tol AJ4SI. ASA,
IBritish and other national specifications,

with traceable cerlificates if requireCl.
Involute splines, serrations. parallel-

sided splines, specials. helicals - all are
within our range. Prompt Quotations

made and good deliveries. Hobs and
shaper·cutters also available.

1650 Sycamore Avenlls
Bohemia. NY 11716

1·5,16·561·100D
Fu: 1·5116·56:7·1355

.WWW.parkerind.com
~ Mali: sales@parkerlnd.com
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Web; wWH1.nllrex.com
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Nitro- Vac Heal Treating Inc.
23080 Dequ indre
Warren, Ml48091
810"7544350
Fax: 81~754-5195

Nitron Inc.
26 Wellman SI.
Lowell, MAOl8S1
508-458-3030
Fax: 508-458-3131

o & W Heat TreatInc.
One Bidwell Rd.
S. Wmdsor, CT 06074
860-528-9239
Fax: 860-291.9939

Oakland Metal Treating Co.
450 Derby A.ve. -
Oakland, CA 9460 1
510·261-9675
Fax: 510-261-5678

Obio MelaJJurgical Service
1033 Clark SL
Elyria. OH 44036
216-365-4105
Fax: 216.365-9527

p - --
P & L Heal Treating & Grinding
313 E. Wood SI.
Youngstown, OH 44503
216-746-1339
Fax: 216-746-7029

Panek Laboratories me.
225 S. Hollywood Rd.
Houma, LA 70360
504-851.5310

! Fax: 5Q4..851-5312

Paulo Products Co.
705 N. 22n<l St.
Bessemer, AL 35020
205-428-1294
Fax: 205-425-9841
E-mail: GMassr!)I@pauio-us.com

Paulo Products Co.
4827 ChelsJ:,a
Kansas City, MO 64130
816-861-7500
Fax: 816-924-7300
E-mail: DCoulis@paulo-us.com

Paulo Products Co.
1540 Channel Way
Memphis, TN 38113
901-948-5523
Fax: 901-948-7501
E-mail: DKermick@palllo·us.com

Paulo Products Co.
1307 Rutledge Way
Mlltfteesboro. TN 37129
615·896-1385
Fax: 615-895-9613
E--m.ail: JJenk.ins@paCl/o-us.com

Paulo Products Co.
3206 Ambrose
Nashville. TN 37207-3206
615-228-2526
Fax: 615-228-2734
E.mail: E:Pfrommer@paulo-us.com

Paulo Products Co.
5711 West Parle Ave.
Sl. Louis, MO 63110
314-641.7500
Fax: 31+647-7518
E-mail: NPrince@paulo-us.com
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, Penna Flame Industries Inc,
RR#3 Box 14B
Zelienople, PA 16063
412-452-8750
Fax: 41.2-452-0484
E-ruail: jo""@~nnlIfla~.com
Web: www.pennafiame.com

Pennsylvania Metal[w-gjcallnc.
3[5 Columbia St.
Bethlehem, PA. 18or7
610--691-1313
Fax: 610-691- 2662

Peter.! Hea! Treating Inc,
215 Race St.
Meadville, PA 16335
814-333-1782
Fax: 814-333-2533

Phoenix Heat Treating Inc.
2405 W. Mohave
Phoenix. AZ 8S009
602·258·7751
Fax: 602-258·7767
E-mail: info@pivrheaflTaI.com
Web, www.phxheatreal.com

Pillar' Industries
N'}2 W15800 Megal Dr:
Menomonee Falls, WI 53051
414-2.55-6470
Fax: 414-255·0359
E-mail: ~·ales@piJI(lr.cum
Web: wwwpillancom

Pin-lex Inc.
P.O. Box 109
Latrobe, PA 15650
412·537-2009
Fax: 412-531·2140
E-mail: Pitt·TI!X@protiigy.nel

Precision HeatTreating Corp.
271/ Adams Center Rd.
FOT! Wayne, IN 46803
219-749-5125
Fax: 2 [9-749-0108

Progressive Engineering Co.
2010 E. Main St.
Richmond, VA 23223
804-648-7221
Fax: 804-780·2230
E"mail: sai.es@pecgears.com
Web: www.pecgears.com

Progressive Steel Treating Inc.
922 Lawn Drive
Loves Park. IL 61111
815-877-2571
Fax: 815-877-7922
E-mail: prosreeCl@aol.com

Racine Heat Treating Co.
1215 8th St.
Racine. WI 53403
414-637-9893
Fax: 414-637-9854

Radyne Cof1POralion
2U W. Boden St.
Mil:waukee. \VII 532017
414-481·8360
Fax: 414-481·8303
E-nmil: mdyne@u«pC.com
Web:: www.radyne.com

RebcolRolockIM~b
P.O. Bo~ 375
Jefferson, OH 44047
44(}.275- 3075
Fax: 440-275-3075

Revas Engineering Co.
555 W. 16th si,
Indianapolis, IN 46202
317-635-6311

Richter Precision [nco
r021 Commercial Ave.
East Petersburg, FA 17520
717-560'9990
Fax: 717-560-8741

Robcduetion Thermal Processing
P.O. Box 5090
Southfield, MI 48086
810-356-2577
Fax: 810-356-3989

Rochester Steel Treating Works
962 East Main St.

I R'ochester, NY 1'4605
716-546-3348
Fax: 716-546-1684

Rotation Products Corp.
2849 N. Catherwood Ave.

I Indianapolis. IN 46219
317-542-8563
Fax: 317-542-1171

Scot Forge
, 8001 Wrnn Rd. Bo~ 8
I Spring Grove. 1L 60081

847-587-1000
Fax: 847·587-2000
E-mail: saie.t@scorlorge.com
Web: scotforge.cos«

Shanafelt Mfg. Co.
2633 Wm1ield Way N.E.

I Canton, 01-1:44705
216·455·0315
Fax: 21,6-455-4487

Shore Metal Treating Tecbnology Inc.
I 5475 Avian Park Dr.

Cleveland, OH 44143
216-473-2020
Fax: 216-473-0941

S.K.S. Heat Treating Inc.
3286 lndu trial Dr.
Saginaw, Ml 48601
51,7-777-0270
Pax: 517-777-0273

Solar Atmospheres Inc.
1969 Clearvlew Dr.
Souderton. PA 18964
800-347-3236
Pax: 215-723-6460
E·mail: irrlo@solaratm.com
Web: www.solaratm.com

Sonee Henl Treating Corp'.
3900 N. 31st Ave.
Phoenix. AZ 85017
602-277-4757
Fax: 602-230-7811

Southeastern Hea! Treating Inc.
ro Old Shoals Rd.
Arden, NC 28704
'/04-684-4572

I Fax: 704-684-5982

Specialty Heat Treating Inc.
, 105 W. Sanderfer Rd.
, Athens, AL 35611

205-233·1l47
Fax: 205-232-5595

Specialty Heat Treating
55226 C.R. I N.
EIIihart, IN 46514
219·295·2491
Fax: 219'-295-1752

Specialty Heat Treating Inc,
3700 Eastern Ave. SE
Grand Rapids, MI 49508
616-245-0465
Fax: 616-245-3060

Specialty Heat Treating of Holland, Inc.
3270 John F. DonneUy Dr.
Holland. MI 49424
616-399-6880
FaJ:: 616-399·1504

Specialty Steel Treating
31610 W. Eight MJle Rd.
Farmington Hills, Ml 48336
248-478-5900
Pax; 248-478-9626

Specialty Steel Treating
34501 Commerce Rd.
Fl1ISer. M148026
81.0-293·5355
Fax: 810-293-5390

State Hea! Tleat Inc.
520 32l!ci St. S.E.
Grand Rapids. MI 49548-2304
61,6-243-0178
Pax: 616-243-6337
E-mall: rMrvey@iserv.lTeI

Steel Treaters, Inc.
100 Fwn.ace Sl.
Oriskany, NY 13424-
315-736-3081
Fax: 315-736-8849

Sun Steel Treating Inc.
550 Mill St.
S. Lyon. MJ 48178
248-471-0844
Fax: 248-437·3140

Suncoast Heat Treat, Inc.
316 S. Hughey Ave.
Orlando, FL 32801
407-843-7145

I Fax: 407-422-3276
E-mail: brisellr@mindspring.com
Web: www.heallreating.com

Suncoast Heat Treat, Inc.
3181 SW 15th Sl

I Pompano Beach, FL 33069
305-968-6200
Fax: 305-972-0970

Suncoast Heal Treat, Inc.
4704 W. South Ave.
Tampa. FL 33614
813-870-1510
Fax: 813-871-3792

Superior Metal Treating & Equipment
2540 Indiana Ave.
Kansas City, MO 64127
816·924-1966
Fax: U6-924-3199
E-mail: gnrue@msn..com

Surface Combustion,.lne.
1700 lnd.iBn Wood Circle
Maumee, OR 43537
419·891·1[50
F8ilI.:,j,(\1-891-7151
E-mail: info@surfacfCOmbu!iMlI.COm
\Veb: WW'W.sflrjllt:ecombustWn,rom

Syracuse Heat Treating Corp.
7055 Interstate Island Rd.
Syracuse, NY 13209
315-451-0000
Fax: 315-451-3895
Web: www.S)rOClIse}u.wlrwtinll.com

, I 1: N. WO(x:h. <mil Inc.
1600 Parrow St.
Ferndale, Ml 48220
810-541-1960
Fax: 810-541-3864

Therm Tech of WauKtsh., Inc.
30 I Travis Ln.
Wau.lcesba, WI 53186



414-.49-111111
Fu: 414-5494320
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Thermal Braze Inc.
230 JUDO St.
Jupiter, FL 33458
561.746-6640
Fa: 561·746-7452

TbermaJ, Mew TreaJinl! Inc.
PJO. BcuJ67
314, S. PLne \.
Abenkco. 28315
910-944-3636
Fu: 916-944-3280
E-mail: rW@piMhu:m.MI
Web: IllJp;I.llJt>mLpuu;hum.ftI!rlscotry

Tbennal Treatl'l'lell! 'Cente'lr
28910 LaRIlIIld Blvd.
Wickliffe. OH 44O'1.Z
216-881·8100
FaJO: 216-881-6811

1"hcmll:1, Inc.
203 Tray;. I..aJK
Waukel.ha, Wl 53189
414-:$44·9800
Fu: 41 :544-5959

mail: rlw~1 ad",""",

Tberme Electron MeLIII Treating Div,
1:51S . Piucc Sl
Milwauktt, WI 53204
414-645·2226
Flu: 41'1-645·9118

1bcnno 'neaIen Ud.
IOJ McCo)' Creck Dr.
Bu.;harum. MI 49'107
616-695·6700
F : 616-695·6737

Tocco. Inc.
30100 Sl~DSOII Hwy.
Mw:I,soo Heights, Ml 48071

16- 99·8601
f'u: 810-399·&603

Tl'IICUCb Inc.
11405 Stephens Dr;
WIIJftD, 11'148090
810-7S9·J 80
Fax: 810-759'11545
E·n:w.I: dmiiDlasi1. rrod«lI.com
Web: 1O,..... rJ'IJLUdLrom

I

Trw All. MeW 'Inc.
5140 - . Pun, Washington Rd.

I M...tIw~~, WI 53207
4'14-962·2500
Fax: 4.14-962-4702

TrojllJl Helll Treat Inc.
320 East Plain Sl
H _r. MI492A5
517.56I!-4A03
Fax: 517·56&-4435

Trutec Indu.'!nes bIe.
4700 lewa), Blvd.

prin field. OH 45502
513-323-8833
Fa: 51l-32J-9192
-- lJ

niversal HUI Treating
3818 E. 93rd SL
Cleveland, OH 44 105
216-641·2000
fll.t: 216-641-6703

VilCuBI'1!i1.i!
115 Lo"'er Morrisyille Rd.
F!!lhinglon. PA 19054
215-7 6-9262
FlU!.:215-136-9343

WaIkr li.C!!.! Trel!lJ!!g
10601 Brigg Rd.
Cleveland. 01-1441.11
216-8111·11'100
F&IOJ: 21,6-881-6811

Wall Co1monoy Corp.
30261 Stcp/letL<OOHwy.
Madison Hc'gbls. MI 48071
1110-585-6400

Wall Colmoooy Corp.
4700 S.E. 59th SI.
Qk.Jahomal City. OK 7lIJS
405-672·1361
F:u:: 41)5.670-3763

W~...ington Me!allurg~!!l Service.
2447 ,6th Ave. South
Sealtle. WI.. 981134
206-622-89(\(]
FIIX: 206-623-5045
E-mail: ...ash ... ~l@$tll.us .. -est... et

Wear-EVl:1' SurClICC Treating COIIp.
14326 E. inc Mile Rd_
WII'!'m, Ml 48089
8Io-nS-2330
FM.: 10-778-2393
E-mail: "'/'lJTl'\I~ril~Qrthliztk.PU!1

Wei. ledustrie lnc.
P.O. Box IS7
~,fleld. 011 44901
419-526-2480
Fu: 419-526-1'158

WclduclJon Corporation
2.4492 IndopJcx Circle
Farmington Hills, Ml 48335
800-798· 042
Fax: 248-442-0200
E-mail: ..'/'ldn@ ..,~lducli(m.rom
Web: ............welduction.com

Weslern SI.n:5S bIe.
7521 WhLICJ).ne Rd.
Richmond. VA 23237
804-271·5447
FD.: 804-271·7692
E-mail: srrt!n~hwl.,"om

Westside AlIIDC HlIrcIcninl! Inc.
38200 Ex=tive Dr. onI!
Westland. MI, 4 185
134-729-1665
fax: 734-729-3520

WohLnCorp.
708 E. Grand River Ave.
Lansing, Ml 48906,
5.17-485·3750
fax: S :17-485-0s0 I-- - .z
Zion Indu Ine
6229 Grafton Rd.
Valley Cil)" oa 44280
216-225·3246
Fax: 21,6-483· 942

'odel GHB~A
Hi:gh P,roduction

Gear Hobber
$8Oi995

8" D.iamelBr
D'FacIII I

Model GH32~11
IHigb Production
IGeif nobber
$591,395
3Z' Diameter
11" or 19'"Face

High PreeisiQn
Geaf Shaper

S64J95
111" Diameter

eNC Model '1591,995
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Metallurgical Aspects
to be Considered in

Gear and Shaft Design

IntroducUoD
In his Handbook qf Gear Design

(Ref. 1). Dudley tates (or understates);
"The best gear people around ll1eworld
are now coming to realize that metallur-
gical qualiryis just a . important as gee-
metric quality." Geometric accuracy
without metallurgical integnt.yin any
highly , tre ed gear Oil' shaft would only
res 11II in wasted effort for all con-
cerned-the gear designer. the manufac-
turer, and the customer-as the compo-
nern' life cycle would be prematurely
cut hart. A carburized automotive gear
or shaft with the wrong . urface hard-
ness, case depth all' core hardne s may
1'101 even complete it ha ic warranty
period before failing 'I.orally at can ider-
able expense and loss 'of prestige for the
producer and the eu tornez The unex-
pected early failure of a lar~e industrial
gear or shaft ina coal mine or mill could
result in lost production and income
while the machine i down since
replacement components may not be
readily available. - ortunately, this sce-
nario j not common. Most reputable
gear and shaft. manufacturers around the
world would never neglect. the metallur-
gical quality of their product.

Additionally.thereexi t today a
wide range of sophisticated and reliable
control equipment available to the gear
i'ndustry to ensure that all of the metal-
lurgical processes in gear making are
adequately quality a ured,

New Oppo.rtunlti for
Manufacturers

In the automotive indu try, cus-
tamer' have always demanded lighter,

M. G.,Cnnyngham

cheaper and quieler
higher loads at increasing speeds. Wtis
only through an increa ed knowledge
and understanding of 'the metallurgical
a peel of gear and shaft design that
the. e demands can beati fied.

For many y,ear , indu trial gear man-
ufacturers have followed me \arger auto-
motive gear companies in introduclng
proces es . uch as gas carburizing '~or
their small to medium siz'edgear .
Surface hardening techniques such as
flame hardening and contour induction
bardening are frequently used [0

improve the endurance or load carrying
a:bil'ity. allowing reduced weight and
co 1. Gears and shafts manufactured for
mining machines. for example. have
been surfa e hardened using techniques
that. include go. earburizing, nitriding,
induction hardening and shot peening.
In all of these cases, cu torner demands
can be fuUy mel by an intimate knowl-
edge of the metallurgical change occur-
ring before, during and! after manufac-
turing, Thi includes material selection,
machining, heal. treatment processing,
shot peening. grinding. chemical treat-
ment and ubseqnent lubrication.

Desigp Engineer's Role
The de ign engineer has overall.

respen ibmty of the engineering specdl-
cations of new gears and shafts used to
transmit torque, change rotational
speeds or drive machinery. This respon-
sibility includes calculating the geomet-
ric or dimensional specification and
ensuring that the .Ioad can be transmit-
ted moothly and safely without. break-
age or seizure, The designer mak:es u e

and computer software (0 aid in this,
process. He will utilize table and charts
in these references '10 obtai:nthe load
carry:ing properties of variou material
or, more likely. to compare the urface
load and bending endurance limits of
th available material . The mo I com-
monly tabulated metal!lugical property
shown in these tables ami graphs is
Brinen hardne s, which is directly relat-
.dm ultimate tensile strength, as are .all
indentation hardne S 'tests (Ref. 2).

The e chart apply to n rmalized or
hardened. and tempered ueel gears up to
a maximum. of about 400 Brinell hard-
ness. MetallUll'gi.cal factors such a ur-

M. G. C'Dnyngham
is /I IlU'lallllrgisl and II thin.Y· 'Or

IIt'ltron of Ihe Ilear iM1lStr)'. He i a
Membu of Ihe Enginnring faculry
at me Unilltrsiry ojWo/longong.
New South Walts. )luslraUa, ·....htrr
he coordinates postgraduate educa-
tio« wilh lhe CooperoJi~ Rt'st'arch
Cente» for Marl!!riais Wtltling and
Joining. His rrsean:h irJIeTt'sU and
arras .oj expertis« inclutie g ar
process tl'cilooiogy and urfa t
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Now You Can Meet ISO '90011Gear I'nspection
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I
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GEAR:FUNDAMENTALS •• _
face microstructure, grain size and steel
cleanliness can have a major influence
all. gear and shaft endurance limits. but
they are typically ignored. Such factor
are not easily expressed numerically and
are difficult for the design engineer to
use directly in his calculations. It is
probable that the designer may consult
tabtesgiving the full mechanical and
physical properties of specific materials
and rate them on performance in areas
uch as impact strength, ducrility,

:fatigue life, or surface load and bending
endurance limits if these figure are
available. In reality. it is implied that the
vast majority of vital metallurgical fac-
tors must be correctly dealt with by the
material supplier or process provider.
who must ensure that metallurgical
integrity and the optimum balance
between trength and toughne s proper-
tie .are achieved ill the final product.

Materials Engineer's Role
ht larger gear and shaft companies, it

is the responsibility of the materials
engineer to ensure the metallurgical
integrity of the final product. This
ineludes selecting the correct materials
andthermal processing, as well as qual-
ity assurance of all the vital production
processes that could change the proper-
ties of the final gear or shaft. Many
metallic and nornmetaUic materials have
been successfuUy used to manufacture
gears (Ref. 6). A wide variety of steels.
cast irons, nonferrous alloys, phenolic
resin • thermoplastic and sintered iron
are available. but by far the greatest
number of highly stressed gears and
shafts are made from steels because of
their high strength to weight ratio and
relatively low cost. Additionally. fer·
reus materials gain their wide accep-
tance from the fact that their structural
properties can be modified by Ileat
treatment, and their surface chemistry
can. be changed by diffusing carbon or
nitrogen into their surfaces. It has been
estimated. for example, that reels
account for about ninety percent of all
gears and shafts produced in Australia.
There are also, a wide range of surface
hardening options to select from, so
specia.list knowledge and material te t

equipment is required. [t is in this ailea
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For the most. highly loaded gears and
shafts, this uncertainty may affect the
final fa tor of afety in the de ign calcu-
laLions. The gear design standards may'
mention certain metallurgical factors to
be con idered, but '!Jileymay not give
precise answer regarding what can be
tolerated, Finally, confusion may exist
between !Jiledifferent standards regard-
ing how they hould be applied. I

These problems are of major concern

dun most materials engineer receive
llIeir training.

Mechanical and materials engineers
work together in, their differing roles to
arrive at the correct design and manu-
facturing route to make better and
cheaper gear, and Rafts that will not
fai,1 prematurely.

Materials and, Preeess SeI~ecUon
In general. the de ign engineer will I

con lilt, with the materials engineer to !
discus all of the available options
before selectingthe final materials and
heat treatment processes that satisfy the
design requirements for a particular gear i
or ' han 11 well as :fulfill.the economic i

requirem.ents of lhe tmsi,ness in an
increasingly competitive environment.
In Australialhere are a limited Dumber i

of steels and prece options available ;
(Ref. 6), .0 the right deci ion at the
de igl'l tage i .e ential. For example, an
automottseuansmissloa shan may be !
made from a low carbon alloy teel and i
carburizedl and quenched, Of it could be
atl factorily made from a cheaper plain

carbon steel and induction hardened.
The final decision wiU depend on the
configuration and type of gear or shaft
being considered as well as the location,
magnitude and duration of stresses that
are l:ikel.yto be present Abo vital are the
cnpabil,i.l)" reliability and cost of the met-
aJiurgi.cal proce es available at the time.

At this stage, ihe materials engineer
must consider metallurgical problems
such as distortion duri~g heal treatment
processing, the lLlrely impact and fatigue
load that may be encountered during
service, and the added cost related to
ensuring metallurgical ,quality. The two
engineer must be able to apply theory
and experience 10 the particular applica-
tion in question so as to' arrive al the
desired resu·lt-a precision product at a
competitive price to satisfy the customer.

Con iderable experience and knowl-
edge of existing successfal designs is
normally required. Discussion of the
precise application needs and require-
ments may reveal, !.bat special problerns
exist with lubrication or overheating.
Impact loads are llonnaUy impossible to
e timate accurately and some melallurgi-
cal factors may not be known precisely.

to smaller gear eompaaies thaI cannot
afford an in-house araterials engineer
and do not. pos ess ln-hou e heal trear-
rnent racHitie .

,G r Tooth iLou.dio,g
Any discussion of the metallasgical

aspects of gear de ign mu t begin by
looking at ba ic gear tooth loading.
Regardle s of the gear type, whether
pur, bevel, helical. hypoid or worm, in

highJy loaded mechanicali gear trains, the

COMI G SOD
THE TRADE SHo- - - -

OF THE FUTURE!

Visiit Show Centrall, the worl'd's premiere vhtual gear show. only at fbI

688' Industry HomeP8ge~. this 'online version 10I Gear IExpo'99 willfea-

tum hUlldreds of companies showing the latest in gear manufacturing

and testing technologri. You will ha,ve access to Web sites, product pho-

tosand Ilit,erartur'B,.online product d,emonstntions and much more, and ,all

within an int'eractive 3D 'ex_nibit hall brought rlight to,your desktopl
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forces acting on the mating gear teeth
when they engage to transmi; power will
produce high mace contact stresses on
the loaded flanks of the mating teelh and
high bending stresses at OJ near the root
of those teeth. Differences exist in the
magnitude and depth of the shear stress as
well as in the thrust direction and amount
of sliding that OCCIUS in the different gear
types, bUI these differences will not be
considered at this point.

Su.rface stresses. Surface fatigue is a
frequent cause of gear failure. Although
wear and scoring can be related to poor
lubrication or surface roughness, pimng
fatigue and subsequent breakage 'can be
related to metallurgical factors.

The surface and near surface stress-
es developed between two steel sur-
faces under load have been studied by
the 19th century German engineer
Hertz, who developed formulae to aid

;Hne Pitch
GearRot~

PROCESS
In pection I

Since 1938 ITW has provided the gear ind.ustry
with gear inspection devlces .. Put your trustm

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 pltcn,
• Computerized double flank testers

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

!\Ioder 2275-DOP
Olmens,ion over

Pins or Balls

, Cornpulenzed 'aU
tester 10, COIT1PQ$i18 -

rod lead

No matter what theappUcation; coarse
pitch, line pitch, externals, internals,

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

ITrfJf Heartland
1205 36th Avenue west

Alexandria. MN 56308 U.S.A
Ph: (320) 762-8782
Fax: (320) 762·5260

E-mail: itwgearsOraa·alp.com
www.itwgeal8.com
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in rating pitting resistance. However,
these Hertzian ,equatjolls are correct
only for static load on i otropic homo-
geneous materials. Because of the com-
plex stress patterns existing in modem.
gears, where sliding and rolling take
place above and below the pitch line,
more recent]y developed relationships
are available. However, these too are of
limited value as the effect of lubricants
was notconsidered (Ref. 4),

Initial wear or "wearing in" may be
normal, and unles cracks develop in
the tooth surface, it willI generally not
lead to pitting. However, pitting fatigue
is progressive and leads to the destruc-
tion of the loath profile.

A combination of rolling and sliding
takes place both above and below the
pitch line. The sliding motion plus the
.coefficient of friction tend to cause
additional. surface and sub urface stress-
es. Compressive stres es are present just
ahead of the contact zone in the direction
of sliding .. Just behind this zone, there
are tensile stre ses. Beneath the contact
zone are shear stresses. The depth ofllle
point of maximum shear stress is about
one third the width of the contact bane!.
For any given load. 'the magnitude of
these stresses is dependent. on the length
of the contact band and the action ohhe
lubricant present.

As already mentioned, gear design
tables and standard make use of the
trong relation hip that exists between

indentation hardnes , olrimate tensile
strengthcthe surface stress factor (Sc)
and the bending stres factor (Sb) for
static loads ..But as th majority of gears
and shafts fail by fatigue at loads welJ
below the ultimate tensile strength,then
such tables are only \I eful in detennin-
ing the steel's behavior under static
loads. They are of little help in predict-
ing the material's behavior under cycli-
cal loading. It is at this point that the
influence of residual stresses on fatigue
must be discussed.

It has been well documented that
processes introducing residual tensile
stresses into the surface of a cycl:ically
loaded specimen decrease its fatigue life,
Processesthat introduce residual com-
pressive stresses i.nto the surface of a
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pecimen increase il fatigue life (Ref.
3). Because indentation hardness does
not indicate the ign or magnitude of
residual I1e e exi ting at or below the
surface, load table . ba ed onhardness
are of little help in designing fatigue
re istant, higlit.lyloaded gear and shafts.
It ha also been well documented that tile
pre enee of surface abnormalities in lite
micro true lure. orinelu ion in the base
material. can initiate. fatigue cracks that
eventually lead to failure. 10 addition,
cracks can initiate at the urface of high
hardnes .gears and shafts if high impact
load. are present. Therefore, in order [0

know more about improving the fatigue
life of gears and shafts, and 0 be able to
build lighter and cheaper gears and
shafts that give longer service, we must
concentrate Oil knowing more about;
I. processes that introduce high r~sidual
compressive tresses into the surfaces of
gears and shafts where fatigue failure is
likely.
2. the metallurgical factors controlling
impact toughnes •
3. the factors affecting the cleanliness of
the reel.

ResiduaJ' Compressive Stresses.
High urface contact loads can produce
unfavorable tensile stresses in the tooth
urface. These stresses eventually pro-

duce cracks. thai lead '10 failure of the
surface by pitting and breakage. The
introduction of re idual compressive
stresses into the tooth urfaee oppose
the tensile tres e and prevent the ini-
tiation of :fati.gue cracks. It is well doc-
umented 'that manufacturing processes
such a carburizing. carbnnirriding,
nitriding, induction hardening and shot
peening considerably increase the
re idual compressive tress level at the
urface of ferrou components. Also,

thermal, mechanical and chemical
processe can be used together as in the
case of automotive planetary gears
which are carburized, acidueated and
shot peened with hardened steel shot.
(This process produce the most fatigue
resistant gear that the author is aware
of.) It is extremely importanttbat all
such processe be preci ely controlled
if maximum residuall compressive stres
levels are to be con i tently achieved,

TltermalProcessing of
Gears and Shafts

Carburizing;. Case hardening processes
have been known to impart high residual
compressive stresses at the surface of a gear
or shaft It is these beneficial internal stress- !

e thal give the gear or shaft the improved
endurance properties that allIow the compo-
nellis Lacarry higher loads withem failing.

Carburizing ha . been used for many I
'Year to ca e harden gears and hafts to i

improve wear resistanc _ and load carry-
ing ability. The process ba .come. long
way from the early years of pack IlI'Id alt
bath hardening to modem controlled
atmosphere furnace that us sophisti-
cated gas. measuring devices and corn-
puten . The process, when correctly car-
ried out. produces very high residunl
compre sive . tresse l Ihe mace IlI'Id
underlying cased region. This results jn

improvedurt'aee endUranceand wear resis-
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lance, as well as improved bending fatigue
life and impact resistance, The metallurgical
requirements (in the tooth, contact. zone) to
achieve these benefits can be slated briefly
belowas:
1. surface carbon level 'to achieve the
eotectoid composition for the particular
steel used:
2. absence of excessive retained austen-
ite after quenching:
3. absence of cementite networks (car-
bides) at or near the contact. face:
4. absence of sub-surface oxides:
5. absence of intermediate transforma-
lion products. 100% martensite or mix-
tures of martensite and lower bainite
being the aim (no pearlitic or upper
bainuic skins):
6. fine grain size throughout the case.

The above requirements can only be
achieved by preci e control over
I. furnace temperature and carbon
potential of the furnace atmosphere at
the desired level:
2. use 'of the optimum quenehant and
quench conditions (oil type. agitation,
and oil temperature):
3. fine grain steel of the correct harden-
ability to ensure the gear or shaft meets
the requirements for surface hardness,
effective case depth. and core hardness:
4. optimum heat treatment cycle to pro-
duce the required case depth (carbon gra-
dient) and micmstructure.

The above requirements become diffi-
cult to achieve if the carburizing furnace
load contains gears or shafts made from
carburizing steel!s of different composi-
tion, or the furnace is overloaded to the
extent of reducing either gas circulation
or subsequent quench oil circulation, For
example, ,a plain carbon manganese car-
burizing steel such as YK1320H wi11
.require a higher carbon potential than a
higb nickel carburiziog steel such as
X3312H.

Residual surface stresses must now be
considered in relation to the commonly
available gear heat treatment operations.
By far the greatest quantity of highly
stre sed gears are carburized. The e gears
are made from low calibon.low alloy
steels which, in and of themselves. lack
surface durability. However, after raising
the urface carbon of these gears to about
54 GEAR 'TECHNOLOGY

0.8-0.'9% carbon, they exhibit the most
desirable combination of surface en-
durance, bending endurance and tough-
ness. Extremely precise control of all vari-
ables is required during earburizing and
sub equern quenc.l:ring to achieve the hJgh-
est qua:lity. lowest distortion gears.

Whether the gear designer requests
direct quenching or reheat quenching
after carbarizing will depend. on the
known applications of the gear . Direct
quenching has been used for many
years with automotive gears where
extremely fine grained. autemctive
quality steels are specified. However,
the reheat method for more precise
gears such as turbine gears bas been
said to produce better metallurgical
structures and more assurance that the
gears can run satisfactorily for a much
higher number of cycles.

In.duction hardening. Induction hard-
ening has long been used to hardenplain
carbon automotive axle shafts. Surface
hardening shafts using induction tech-
niques also develops residualcompres-
sive stresses at the surface and in the
hardened zone (Ref. 7). The exact panern
of these stresses depends on the process.
conditions and the composition of the
material being hardened.

Apart from delaying the initiation of
ratigue cracking in service. these residual
compressive stresses are known to delay
the process of stress corrosion cracking.
Gear can also be induction hardened
using different inductors and fixtures.
The method best suited to' large gears,
where the pro me and root area can be
hardened without embrittling the tip of
the tooth, involves using an jnductar
shaped to fit between the teeth. Modem
techni'ques use dual frequencies .in order
1.0 achieve the deeper ca e depths
required by larger gears. Shaft are
induction hardened using a scanning-type
machine. which progressively moves the
haft through the inductor, heating and

then quenching a small moving zone. The
depth of the induced currents that heat the
steel shaft. or gear are related to the fre-
quency ofthe induction hardening unit.
Ca e depths lor small hafts require high-
er frequencies (RF), while larger shafts
require low frequencies (AF).

Automotive axle shafts are hardened
[Ising motor alternator units with a fre-
quency between 3 and to Khz. The result-
ing hardened depth, measured to 40 KRC,
is approximately 2.5 mm. Smaller olid

state units operating at radio 'frequency
450KHz can harden small shafts within
seconds to a depth of 0.7 mm.

Mecbani.cal Processing
Shot Peening. The automotive industry

uses dynamometers. driven by either elec-
tric molDIS or gasoline engines, to clUl)' out
precise life tests on finished transmission
assemblies. The e tests have proven that
catburized automotive gears and shafts can
achieve significantly improved fatigue life
after peening with hardened steel hoL, pre-
cisely earned oui, The shot peening process
is expensive but has allowed automotive
companie (0 upgrade the rating of auto-
matic and manual transmis ions without
'the need 'to make expensive dirnen ional
changes 10 their gear trains. The peening
operation induces beneficial residual com~
pressive stresses LIJithe flank and root area
of the teeth under strictly controlled condi-
tions. Compressive "tress prevents or limits
failure in gearing due to fatigue failure at
the fiUet and pilting failure at the pitch line.

Rolling ..In some applications, work. bard-
ening of a component surface by rolling can
induce residual compressive surface tresses
and improve the smfaee futiSh. bu.t care must
be taken not to prodooe tine mface cracks
that may inriliate fatigue.

Common FaUure Modes of
Gears and Shafts

Fatigue Considerations. In regard [0

surface stresses, the limiting load for wear
depends upon the urface endurance limits
of !he material, which in turn depend on
geometric as well as melallurgica:i factors.
Surface endurance limi'l values appear to
be related consistenijyto a Brinell. hard-
ness number up to approximately 400
BrineU hardness (Ref. 2). Wilen the Brinell
hardness is over 400. the steel does not

TABLE 1
Spur and helical Gears IRel. 2t

Brinall Hardness
HB
200

Surface Endurance
Limit (psil

70,000
110,000
150,00

300
400 I
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TABLE 2---for steels over 400HB IRe •..2)

Brinell Hardness

HB
450
500
'55(1

600

~urlacBendurance limit [psi)
11 X U)Ii 2 X lao 5 XI OS 107
188000 1170000 147000 132000
210000 190000 165000 148000
233000 210000 182000 163000
255000 230000 200000 179000

Wnen tile Brine" hardness is over 400

appeal!" to hav a definite endurance

limit. Values for the surfa e endurance

limit for steel over 400 Brinen are

given in the table above.

The focus up until. now has been on
uniform loading, but ill reality many gear

systems experience fluctuaring loads rang-
ing from moderate 10 heavy shock. The
sensitivity of !be gear or shafl material to

notches or s.barp comers is a major con-
sideration. Wn addition, rno l gears: and
shafts fail by fatigu at loads well below

their yield strength, Although Tables I. and
2 above are comparatively useful to design

engineers in calculating load carrying

capacity. they do not impart any informa-
tion about the toughne or impact proper-
ties of the material. nor can they shed any
light on the materials' fatigue sliellgth.

The onen quoted "rule af'thumb" !hal the

fatigue strength i.about 50% of the yield
strength is probably very conservative.

More infonnatioDBbout the metallurgical
factors that influence toughness and

fatigue life is needed 0 that the engineer
cal'lconfidenlJy reduce !he weight and
hence the cost of a drive sy em. Research
work 10 dale points clearly at factors uch
as steel cIeanliness.a11'oy combinations

present. heal treatmenr condition. grain
size and gram flow and the nature of
micro-constituents prescnt at or near ·Ihe
urtaee, Of critical impenance is the steel-

making practice and the proce ing route
used to make ihe components. Two steel

with the . arne Brinell bardn could vary
(lramatically in impact and f,uig~e proper-

tie, particularly in the presence of small
stress concentrators such a machine tool

marksor ub uri ce defects.

lmpad Properties
The selection of the correct material

and heal. treatment proce for: teel must
be considered [0' be a comproml e
between strength and ductility. Although

through hardened gears with a surface

hardness over 400 Brinell can give
excellent wear properties, they may lack

the toughne s for many applications.

Tempering will reduce the hardness and
wear re istance but will increase the
toughne s, The balance between
strengjh and toughness, developed after
quenching and tempering, is a eritieal \
'Consideration for the materials engineer.

The only processes where both strength ,
.and toughne increase together are those I
involving grain refinement. This is I
achieved by making micro-alloy additions I

,!
10 teel and thenno mechanical process-
ing. Heal. treatment processes involving

the diffusion of carbon, or carbon and
nitrogen combinations, into the surface 0:1"

I

I
i

D! low or medium carbon steel can re ult .in
th _ production of wear resistant gears and
shaft that axe also tough, The resulting

lrigh hardness is at the surface of the case

wh reit can improve wear and fatigu
strength. while the core is softer and more
ductile, giv.ing .rughtouglmess propertie .
The core, however, must not be too soft as
the case needs adequate support to prevent

case crushing (Ref. 4),
Importance of Flow Line

The impact propertie of steel cast-

ings, plates, and forgings are not uniform
in all directians, but. are related to the

now line direction.: harpy tests indicate
mal. the impact strength acro s the How
lines can be up to 50% lower than te t

where the test piece is parallel with the
flow lines. Since any incluionsand
micro egregation will follow these flow
lines, they must not be parallel with the
base of the gear teeth in highly stressed
gears ,(Ref". 4).

~mpol"fanc,e of Composition

During the eigilt ies, re earth was
completed on the impact propertie of
alloy steels with higher mol.ybdenum

eontem using instrumented Charpy

testers. Although the early re ults indi-
cared that molybdenum steels were

tougher than nickel steel • it w later
hewn that. cenain combination of the

two alloys gave the best results. The
.in trumented Charpy re Is gave the
researchers valuable inform lion re-
garding the initiation of the propagation
of cracking that could :nOl be obtained
otherwise.

ConclusiolL'l
Many workers have g nerated a wealth

of meLallurgicalk-nowledge and informa-·
lion about the surface fatigu re istance
and impact resistance of vnsiou materi-
als. There is also con idera:ble Information
about the metall.urgical :fact affecting
those thermal and mechani aI proce. ses
used to improve. the life of highly sltessed

gears and haft . Much of lhh information
i available for the de igner to c nsideJ
and apply in order to a hieve metallurgi-

cal and geometric quality and meet ell -
lamer demands for precision gears and

shafts at minimum costs, 0
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I A;ustempered Ductile Iron {ADI)
outperfonns steel as demonstrated in th.ese

, road test results on hypoid gears:
H~'POidGears: ADI . SteelSwitching From steel

to Austempered
DuctHe Iron (ADI)
will also add these
benefits:

I • Cast to nearer nel
. hape ami reduced
machining cost

'. Lighter weight
• Lower overall cost

Applied Process. Inc.
is the world leader in
austempering, Call
today or visit our
v.'ebsite to learn how
Austempering can make
}'our parts quieter.

1000 2000 3000
R.P.M. (road test)

$Livonla, MI ·Oshkosh, WI Elizabethtown, K¥
Melbourne. Australia Binnlngham. England

Ph: (734) '1M-2030 Ex. 31 Fax: (734) 464-6314
Email: jkeough@appliedprocess.com

web: www.appliedprooess.com
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Mitsubishii M'achine Tools Opens New Tech Center
Mill Machine Tool U.S.A., Inc., has announced the open-

ing of its new Soutbea tern Technical Center, Located in
Greensboro, North Carolina, the new Technical Center show-
cases the latest product developments for Mitsubishi.'s entire
line of machimng centers, turning centers, cylindrical
grinders, gear production machinery. Flexible Manufacturing
Systems (FMS) and more.

The staff at the new Milsubishi Southeastern Technical
Center will be available to answer design and manufactllling
question and to assist in developing innovative soluticas.
The center is located in the Deep River Bu iness Park, 7860
Thorndike Road, Greensboro, North Carolina.

I
•

Mahr Promotes Hochwart 10 President.
Parker to Vi,ce'President

Thomas Keidel, Chairman of the Board of' Mahr GmbH,
Germany, announced the promotion of Edgar Hochwart 10

President of Mahr' North American operations and Donald
Parker to Vice President Hochwart, a 13-year Mahr empJoy-
ee, has been Executive Vice President and General Manager
for North America since November 1997. Parker formerly
served. as National Sales Manager.

About the promotions, Hochwart said, "Mr. Parker and I
pledge to continue the strengthening of Mallr customer support
we began one year ago. In that time we've added more applica-
tions, engineering and other after sales . uppor; personnel to our
Cincinnati headquarters. We also opened addnional
Measurement Re ource Center in North Carolina and
California, and increased ourpresence in Mexico and Canada-
all with the goal of delivering exceptional customer service
along wi!h our iDdUSlI)'-leading measurement products."

PresMet to Double IProduction 'Capacity
The PresMet Corporation has announced the pUI0Cllase of two

additional buildings to meet current and anticipated production
demands for powder metalparts. The company's $10 million
investment includes the cost of the buildings and !he new equip-
ment that will be housed in ihem, When completed, the new site
wiD double the company's manufacturing operations. The new
facil:ities add 60.,000 square feet of production space.

"Work will 'begin immediately on these facilities and we
expect to be operational by the second quarter of 1999," said
Julia E, Gwinn, President of PresMet. "The ever-expanding
acceptance of powder metallurgy. a viable metal fonnin.g
process has increased the demand for the high-performance,
high-toleranceparts we produce. This is especially evident in
the automotive industry where it is anticipated thai. the u e of
metal powder will increase anywhere from 20 to 30 percent
by 2002. PresMet anticjpares it will exceed tho e indu try
growthfigures for thai time frame."

I
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INew TSK Measuring System
Performs Continuous Radial' Scanning

TSK America has unveiled its
Radiance Radial Measuring System
(RMS), a solution for complex rotary
measuring challenges. The all-new RMS
permits unrestricted rotary scanning of
parts such as gears, turbine blades, cones
and other shapes with reduced cycle
times and improved accuracy for com-
plex measurements. The measuring
range of the RMS is 1m in diameter and
.0.6 m vertically, yet the machine occu-
pies less than 2.5 m2 of floorspace.

The Radiance Measuring System
allows manufacturers to collect informa-
tion quickly and accurately. Linear accu-
racy in the X and Z axes is 2 microns;
the U2 (X and Z axes) is 2.0 + U500
microns. Angular accuracy is 3 arc-sec-
onds ..Acceleration is 1000 mmls2 along
the linear axes (X and Z) and 250 mrn/s?
along the Y (round) axis. Measuring
speeds are up to 250 mmJs. "The main
advantage to the Radiance is that for the
first time ever, users can complete a full
radial scan.of a nonrotating part without
probe changes or reorientation," said
Jack Epstein, TSK product manager and
developer of the Radiance concept. For
more information, contact TSK America
Advanced Metrology Division at (800)
247-9875.

Circle 300
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Guvson Introduces New Rotal'\'
Indexing Blast System

Guyson Corporation announces the
introduction of the Model RXS-lOOO
indexing spindle-blast machine. This
midsized system is applicable to a wide
variety of impact treatment operations
such as shot peening, deburring, cos-
metic finishing, etching and surface
preparation, in which 360-degree cover-
age is required on components that must
be handled and blasted individually.

Up to 12 component-holding spindles
are located around the perimeter of the
machine's 42" diameter indexing table.
Components. more through separate
entry, blast and airwash chambers. within
the blast cabinet before returning to tbe
front load/unload position. Vertical slid-
ing doors, actuated by pneumatic cylin-
ders, are available to seal the blast enclo-
sure and isolate dust and noise from the
work environment. The overall dimen-
sions of the blast cabinet are approxi-
mately 72" high by 55" wide by 80" deep
(183 em x 140 em x 203 em). A full
depth door with abrasion-protected view
windows on each side of the cabinet
enables full access for inspection, adjust-
ment and maintenance, For more infor-
mation contact John Carson, Guyson
Corp., at (518) 587-7894 or via e-mail at
jccarson@guyson.com.

Circle 301

Thomson Industries Introduces the
UltraTRUE Planetary Gearhea.d

The UltraTRUE Planetary Gearhead
has the highest radial load capacity, lip
to 8,500 lbs., of all the Thomson Micron
planetary gearheads. This ultra-precise
gearhead was designed for the high
torque performance requirements of tool
changers and plasma and waterjet cut-
ting equipment The UltraTRUE has two
important features: a standard 4-arc-
minute backlash and crowned helical
carburized steel gears that are hardened
to a minimum of HRC 60 and flank-fin-
ished after heat treating for ultra smooth
performance. The UltraTRUE provides
lifetime lubrication and features a self-
aligning RediMount system that speeds
mounting to virtually any motor. For
more information, contact Thomson at
(516) 467-8000 or send E-mail to gear-
heads@thomsonmail.com

Circle 302

INew Small Parts Washer from
Cincinnati Industrial Machinery
Cincinnati Industrial Machinery

introduces its small parts washer with a
unique 360Q rotation and separation
design. The washer feamres a special S-
shaped track to guide round parts from
side to side to ensure complete and
proper cleaning. Parts remain separated
throughout the wash and blow off stages
via stationary slots. The brass drying
trays prevent the parts from marring,
which occurs with other metal trays.

For more information, contact Keith
Williams, industrial systems sales man-
ager, at (513) 769-0700 or by fax at
(5]3) 769-0697.
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AI'pha I'ntroduces Till' low-Bac'klash
Planetary Gear Reducer

Alpha Hear Drives. Inc., hasan-
nounced the introduction of the TP Low-
Backlash Planetary Hear Reducer.

The Dew TP gear reducer features a
minimum backlash of Iessthan J-arc-
minute. which is the lowest of any gear
reducer currently available. The unit
also offers an advanced motor mounting
system that provides unparalleled motor
shaft thermal expansion compensation. l

Th
~

, e TP ensures high-torsioaal rigidity !
due to its output. flange and optimized !

~
planetary gear train. This creative design i
ensures maximum torque transmission, 1
high efficiency (:>95%). and the least I
audible noise. Because of its superior !
engineering, the Alpha TP is guaranteed I
to have the longest service life available !
today. For more infomation callAlpha at !
(847) 439-0700. !
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:'",.1 New Digital R.eadout for Hydraulic
Expansion Arbors

MyTec GmbH (Germany) has intra-
includes the scanning head, translation i duced a new digital readout system to
stage, acquisition and, inspection soft- i monitor and control internal arbor/chuck
ware, training, and even the PC. The sys- i pressures, Advantages of the Dewsystem
tem was developed for speed, accuracy, ! include better expansion control when
ease-of-use, and affordability. In particu- : working with thin-walled parts and con-
lar,the system introduces new technolo- fumation of full pressurization. Un:ifonn
gies to simplify fixruring, to streamline clamping, especially in gear grinding
scan ahgnrneat, and to reduce noise. For and advanced aerospace applications, is
more information contact Joel Bisson. another benefit. For more mtormation
president, at (613) 7494445 Of via e- contact Eurotech at (414) 781-6777 or

ShapeGrabber C'ompuler-Aided
I'nspection System IReleased

Virana Corporation has announced its
new ShapeGrabber Computer-Aided In-
spection system for Part-ta-CAD verifi-
cation and inspection.

The tightly integrated ShapeGrabber

mail atjoel.bisson@vitana.com.
Cirde30S

Grieve Introduces iNew
Electric Walk-in Oven

Grieve Corporation announces the
introduction of its new No. 822 500°F
electric walk-in oven, Workspace di-
mensions inside this unit measure 72"
wide by 96" deep by 78" high. 60 kW
power is installed in Incoloy sheathes
tubular heating elements while a 6000
CFM, 5 lIP recirculating blower pro-
vides a combination airflow, which
sweeps around the workload, traveling
upward to a return duct,

This Grieve walk-in oven features an
aluminumized steel interior and exteri-
or, double doors at each end and a
removable top-mounted heat chamber.
Operat-ing and safety equipment on
this unit includes a digital indicating
temperature controller, manual reset
excess temperature controller with sep-
arate heating element control contac-
tOTS, recirculating blower airflow safety
switch and a fused disconnect switch.
For more information contact Frank !:
Calabrese, national sales manager for l
Grieve at (847) 546-8225 or by fax at I
(847)546-9210. !

Cirde306 i~-----------------------l ~~~~:
!

~:
~
~
!
~~
~
!------ ~~
i
1
;

!

I
;

via e-mail ateurotech@ex.ecpc.com.
Circle30?

Mori Seiki Develo,ps New lathe
and Machining Cenler

Mari Seiki introduces the MT-250, a
lathe and machining center combination
that reduces fixmring, increases product
flow and gives greater accuracy on very
complex work pieces.

"The MT-250 is the new standard in
integrated machining and is the ultimate
machine for parts requiring multiple
processes." said William Jone •National
Sales Manager for Morl Seiki. "We have
gone beyond the conventional level of
technology to create a machine that inte-
grates full-scale turning and milling.
Combining the lathe operations and
machining center allows for more accu-
rate work pieces and the elimination of
extra handling in the shop."

The MT-250 features headstock on
both the 1efl and right sides, making
setuptime shorter and promising high
precision machining. The spindle de-
sign features the turning range from -90

degrees to +90 degrees, making oblique
machining possible. The MT~250 also
has an automatic tool. changer thai car-
ries 20 tools attached to the saddle. The
automatic jaw changer eliminates semp
hassles when work pieces vary or require
multiple machining. or more informa-
tion. contact William Jones at (972) 929-
8321 or by fax at (972) 929-0730.

Cirde30S
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Elk Grove ViUa.ge, Il600D'7
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ADVERTISING SECTION

WEBFINDER MART
Companies listed below offer product information and design assistance 'on the world wide web. Reach them through home pages listed below.

--- -

ITW HEARTLAND
ITW Heartland, a division of
Illinols Tool Works, Inc., has
locations in Chicago, IL, Detroit,
MT. and Alexandria, MN, along
with /I worldwide network of
sales and service' offices. ITW has
manufactured and serviced gear
inspection and burnishing equip-
ment since 1936. To learn more
about our products, and services,
visit our Web sire.

--_r::~-----.:===... -

BARIT INTERNATIONAL CORPORATION
From our manufacturing facility
or on-the-shelf inventory. we sup-
ply top quality tools at competi-
tive prices .i ncluding precision
ground and TIN coated gear &
worm gear hob ; parallel & invo-
lute spline bobs; disc, deep C-
bore & shank type shaper cutters;
keyway. round. spline. hexagon,
square & special, form broaches;
shaving rolls.

- --

LECOUNT INC.
leCount expanding mandrels are

designed 10 grip the inside diame-
ter of parts to be inspected ..Place
your part on (he mandrel. load it
between centers and you're ready
to inspect. Our mandrels are dis-
tributed in Europe, Asia and the
United Stales. For a brochure or
'the name of II representative in
your area, please visit. our Web
site for further information.

NATIONAL BROACH
Making or finishing gears? Corne
V1Sli lational Broach's home
page for a sample of Red Ring
machines, tools, training. and ser-
vices specially designed to meet
every need of (he geari ndustry,
With 70 years experience as II: sin-
gle source supplier. we can create
the perfect gear solution for you.
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APPLIED PROCESS, INC.
Applied Process is the world
leader in austernpering, a heat-
treating method that produces
steel andiron parts that are
stronger, tougber, Ughl.er, qul-
eter, more wear resistant and
have greater di rnensional repeara-
bil ity than conventionally heat-
treated parts. AP has advanced
this technology for heavier
stampings, forgings and castings.

NIAGARA GEAR
The Niagara Gear Website
details our precision ground
spur. helical and pump gears. All
our gears are manufactured with
the latest gear grinding technolo-
gy. The web site also provides
information on Niagara Gear's
complete capabilities to meet
your most demanding, close 101-

with fast

PERRY TECHNOLOGY CORPORATION
Perry Technology Corporation
can. satisfy all of your tooth cut-
ting requirements from prototype
10 production. Services include
straight and helical broaching;
gear. spline and sprocket hobbing:
CNC Shaping. Hobbing and
Grinding; aircraft spline cutting in
exotic materials; CNC inspection
and machining. Please visit our
Web site for further information.

_ ....iIIo--::r.::"!:.:...::---
~~..:-~;:s~~::..~~:;~~-...s.e--=

------ - I

I

BOU'RN & KOC'H
Boum & Koch is a. manufacturer
of OEM gear bobbers, gear
shapers, specially gear machines.
dial machining centers. extrusion
milling machines. specialty rna-
chines, turning centers. machin-
ing centers, grinders. boring
machines and more. Visit their
Web site for more information
about their product lines and ser-
vices.
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GLEASON PFAUTER HURTH
--- -

Gleason Pfauter Hurtb World Wide
Sales is the world's mosl compre-
bensive ~. for g~ manufae-
buin-$.teclmology. We offer IIcom- I
pehensive gear cutting machine
progmrtI, for every gear bobbing,
milling and grinding appIiClllion
for C)llindri ;al and bevel gears. To
learn more aboul OUI" products and
services OJ 10 find key contact
infonnatiOll, see our Web ite,

GLEASON PFAUTER HURTH CUTTING TOOLS
Gleason Pf!lutt;rHurth CUlling I "'1IIPI",g~P"!~---.
Tools is .m leading ~ culling
10011 manufaeturer in North ,
A rnerica, We offer !! wide Y!!!iely
of form·relieving milling cutlers,
bobs, "haper cutters, having cui-
te d CBN·plmed form grind-
ing wheel as well lIS OUI engi-
neering, coaling. heat treating,
metatlurgtcnl, tool sharpening
nd reconditioning services,

-- ------

AJ:AX MAGNIETHERIMIIC CORPORATION
~ur 1, .. 1,'1h.

r ..". ----.-

Ajax Magnemennic peeializes
in the manufacnne and service of
induction heal treati ng equi p-
ment jax has plants and service
centers in the United States,
England and 'Canada; a jointven-
lure in Japan. and representatives
all over the world. For more
information visit the Ajax Web
site.
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INISSEI CORP. OFAMIERICA
Do you need q~ily small gears
wi!h technical support? Are you
interested in ,lUI, on-time supplier
that will manage inventory 10 your
needs? Nissei specializes in OEM
quanuu and quickly develops
samples. Resource include in-
boose gear engineering. heat Ileal-

mem, inspection and, more. Visil
our Web site OT ,call RJl!iSeUBeach
lit (7M) 527-9876.

STAR CUTTER CO.
Star Cutter Co. offers II wide
selection of bobs, form-relieved
and multiple-thread milling cut-
ters, gundri 11.5 .and gundrill sharp-
ening fixtures. pte:s life coolant
and PCI) reamers, ,carbide pre-
farms, CBN grinding whee! and
other cutting rools. We also sup-
ply cutter sharpening m!lchine
tools and Gold Star!hin film coat-

~ .
r-
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BASIC INCORPORATED BROUP
- -- -

Visit 'the Ba ic Incorporated
Group' Web ue rOT !heir line of
WOLF gear machines. B lc
offers 100+ models including,
bobbers and hapers, honers.
shavers, grinders. cutter grinders.
bevel generators. r ek shapers,
worm millers. testers lind more.
WOLF offers new iIl'WCbin ,at
extremely ,affordable prices.
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POWERTRANSMISS'ION.COM

---

-- - - -- ---------

MARCH/APRIL 11f. &1

See the newly redesigned GtIU'
.lndustT] Il(}mtI ~TM. We'\,!:
expanded our online buyers :u.ide
with even more listings of
machinery, cutting tools and ser-
vice providers, Vi&i! Gt'ar Tech·
nology online far subscriptions,
back: issue and cum:nt articles,
Explore the world of gear manu-
facturing from YOUI deskwp.

Does )'OUJ oompany buy gC/l1!l1
How about acruarcrs, bearings,
motors, brakes. controls ,01" sen-
sors? The PbWt'F 7:'Pumlmission
Bom« I'agtinl is the most compre-
heasiveonline buyers guide' for
power transmission component s,
with links to hundreds of lOP' man-
ufacturers and dislributors.



CLASSIFIEDS
--

SERVICE

• HOB SHARPENING

• SHAVING CUrrER GRINDING

• liN. liCN. It TIALN!
COATING SERVICES

• CUSTOM HEAT TREAT SERVICE
-

PICK UP AND DELIVERY IN MANY AREAS

'Gleason PfAU'lER HURTH I

CUTTING TOOLS CORPORATION

(Formerly Pfauter-Mug Cutting Tools ILP.)
1351:Windsor Road, P.O. lBox 2950

Loves Park, IL 611132-2950
Phone [8151877-8900

IFax {BISI ,sn0264

CIRCLE 149'

HOB SHARPENING i

SERVICE
Star Cutter ,co.
/II SW<1027 ®

7ff/!iJL::I!t/ ! 100-9001 CERllFlIED

• THIN FILM COATINGS
West Branch Industries

Subsidial)' of Star Cutter Co.
2083 W. M·'55, West Branch. MI-Ml6S1

1-88S-Resharp·' '-888-737-4277
IPhone: (5117I'345-21I6!i,. fAX~ (5:H1345-56S0,

CIRCLE 154

'Contour Iinducti:on
Hard'e.ning Sipecialists

Spal, belies I and bevel gears
Our g,ear hardening equipment
includes 3 NATCO submerged
process machines and 4 AJ:AX
CNC-controilled gear scanning
machines. We can tool to meet
a,ny production need. Call: for a
company brochure.

American 'Melall Treating 'Company
1043 East 62nd Street
Cleveland, OH 4410'3

,1216) 43,1-4492
tax: (216) 431-1508

Rates-Line Classified: I" minimum, $285. Additional Iines $35 per line (8 lines
per inch). Display Classified: 3" minimum: lX-$650, 3X-$605, 6X-$570.
Additiona1 per inch: lX-$220, 3X-$21O, 6X-$200. Gear Technology will set
type to advertiser's layout or design a classified ad. at no extra chargaPajment;
Full payment must accompany classified ads. Send check drawn in U.S. funds on a
U.S. bank or VisalM,astetCardlAmerican Express number and expiration date to
Gear Technology, P.O. Box 1426, Elk Grove Village, IL 60()09. Agency
Commlsslcn; No agency commission nil classified ads. Materials Deadline: Ads
must be received by the 20th of the month, two months prior to publication.
Acceptance: Publisher reserves the right to. accept or reject classified advertise--
ments at his discretion.
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ALiLlEID GEAR: ,CO!MPANY II

ku6aduw:J ()b
c:?ut 1oot/,. (jUtJIUIJ 2prodm .

Spur and helical gears to 80' 0.0.
!Bevell gears to 36' IO.D. and 11/2DP.
'Internal gears to 36" P:D. and 3 DP.
Worm gears to 48' ().ID. and 2 DP.
Sprockets to: 80' (J.D_and 2 W piteh,
Spline shafts to: 120'long.
Crown shaving to 24' 0.0.
Gear tooth grinding to 24' (J.D.and .2.O.P:
Thread grinding to 14' 0.0. and 40" long.
Internal and external cylindrical ,grinding.

ICa'llfor our brochUJ,e
IPhone773-287-8742. Fax i73-287-4720

IChicago,. IL
CIRCLE 147

SERVICE _,

• Precision Ground Spur. Helical and
Pump Gears to AGMA Class 15

• The lates! grinding technology including:
• Reishauer RZ300E

Electronjc Gear Grinders
• Gleason TAG400 eNC High

Production Gear Grinder
• Cincinnati Milacron CNC

Cylindrical Grinder
• Continuous Process Improvement

Utilizing SPC and Quality Planning
• JIT Delivery using Innovative

Stocking Programs

800-447-2392
fax: 716-874-9003

I =i~~@~:~;ar.com
-

GEA'R TOOTH
GRINDING SERVICES I

• Cost 'effective gear tooth grinding
specialists

• Gear manu.facturers are, our ,only
customers

• Prototype and production quantities.
• Capacity to 21.5' r.n. 3.5 D. P.
• Able to match delivery to your

re quiremeats
• All service to AGMA standards with

Certified Gear Inspection Equipment

PRO-GEAR COMPAINV. ING.
23 Dick Road Depew, NY 140143

Phone 171:6,} 684-3811
Fax (716) 684-7717

CIACil.E 153

GEAR TOOTH
GRINDIN'G SERVICES
SpUl·~He.lical ~Double Helical

Calpacity up to 00.5' 0.0., 1 D.iF~,291·
Stroke. All ground gears certified up to
AGiMA Class 14+ on Zeiss-Hefler 11602
CMM. Inventory of grinders includes
Hofler BOlO, Hofler WOO, Hofler 1253;
Supra, Hofler 1'50101and Hofler Nova
eNC 10010(Fully CNC with on-board
CMM checker).

Kreiter Geartech
25301 Garrow Sr., 'Houston, TX 11003
Phone: 713-2.31-9'793 Fax: 713-237-12091
Contact: Mr. Willie Whittington
Visit our Website at
WWIIII.kreiter-geartech. com

CIR.CLE 1511



Provid . actual 0\' r
ball/pin measurment
of an helical or pt r
gear or plinc without
the need of costly
setting ma Lei .

ita I S.P.C.

Gage Divlision

d 001

CAPACITY:
9" D.D ..
8" I.D ..

851 OHIO PIKE. 'CINCINNATI, OHIO 45245 • (513) 752·6000 • FAX 1513) 752·5599

CIRCLE 170

I FOR MORE INFORMATION. CONTACT

I AMERICAN GEAR MANUFACTURERS AsSOCIATION

• PHON (7031 684-02 I I

• FM170316B4~242

• E-MAIL GEAREXPO@AGMA.ORG

• W asrr WWW ....GMA.ORG

CtRCLJE 122
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ADiDENDUM - ..

The Gallery of Farne:
A Tribute to, Gear Pioneers

- -
• • -~"" ~I_~

- -

ii he Gear Research Laboratory of
the University of Illinois at Chi-
cago is home to a unique tribute
to gear pioneers from around the

world, the Gallery of Fame. The gallery
is the brainchild of the laboratory direc-
tor, Professor Faydor L. Litvin. The
'Gallery was begun in 1994 and is a pho-
tographic tribute to those gear company
founders, inventors and re earchers who
devoted their careers to the study and
development of gears.

According to Prof. Litvin, "this col-
lection is unique because retrieving
items and information for the gallery
was a difficult task. Time had destroyed
documents and memories of the many
contributors who were deceased, requir-
ing much detective work" He created
the gallery to give these innovative peo-
ple the credit they deserve for their valu-
able contributions .."~consider creativity
a driving force in human life," said
Litvin. "I also consider Fame a. very
capricious goddess who doesn't reward
in a proper time, or doe n't reward at all,
people who deserve it."

One example of the difficult detec-
tive work involved was the case of
Samuel L Cone, founder of the COile
Drive Company and the inventor of the
double enveloping worm geardri ve.
When Litvin approached Cone Drive
Operations. Inc. (now a division of

0'

"Could he call you back?
He was shot down ill flames at the directors'

meeting and he's meditating."
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Textron) for a picture and biography he
was given the latter but told that the for-
mer was missing and that the company
would be obliged if he could find one.
Litvin discovered a reference in Cone's
biographical materials to work at the
Norfolk Navy Yards,the place where he
invented his double enveloping worm
gear drive in 1909. Litvin then contact-
ed the Secretary of the Navy. and with
his help Litvin was able to find Cane's
living relatives ..He was given the photo-
graph of Samuel I. Cone by Cone's
granddaughter, Mrs. Mary Bell Kluge.

The Gallery of Fame is dedicated to
aU gear scientists, not just those from
the West. Litvin also pays tribute to
those who worked in the Soviet Union.
To sum up his feelings about the old
Soviet communist system, Litvin quot-
ed Bertolt Brecht's couplet about life in
East. Germany: "To the Descendants ..I
live in dark times indeed!" Litvin's ad-
miration for Russian and Soviet gear
scienti ts is every bit as deep as his dis-
gust over the communism they were
forced to live and work under. They are
well represented in the Gallery by Dr.
Chaim 1. Gochman (1851-1916), the
founder of the analytical. theory of gear-
ing, Dr. Chrisanf.F. Ketov 0887-1948),
Nikolai I. Kolchin (1894-1975), Dr.
Mikhail L. Novikav (1915-1957), Dr.
Vladimir N. Kudriavtsev (l9W-1996)

~I •
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and Dr. Lev V. Korostelev (1923-1978),
who Litvin credits asthe developer of
the theory of gearing in Russia. "Dr.
Korostelev belonged to the second gen-
eration of scientists who developed the
theory of gearing in Russia," said Litvin.

The Gear Research Laboratory per-
forms its research in cooperation with
aerospace and industrial giants like Ford,
Bell Helicopter, Sikorsky, The Gleason
W.orks and U.S. Government agencies
such as NASA and the U.S. Army. The
Gallery of Fame, the faces of the great
men.-and a couple of great women-
from the world of gearing, looks down
upon Litvin and his researchers as they
meet to discuss their work and theories.
As for adding new names and photos to
the Gallery in the future, Litvin says:
"The space is nat dosed. We can always
start the second row.."Only time will teU
who'll be next 0





ACllIfIIfIIIII' pllftlfw",,-

"common platform" and use standard modules
to greatly simplify the traditionalprocesses of
machine design, assembly. and maintenance.
They're designed to take advantage of the latest
tool technologies available - wet or dry. It's
what the gear-making industries around the
world have been waiting for.
Sa get a head start on the 21.st Century. For
more information all the remarkable new
,GP Series, contact:

Gileaso'O PFII.'UTER' HU,RTH
WORLDWIDE S,AILES

1351 WmdsorRd, LovesPlll'k,.1L61l1 1
Phone: 8151877·8900 Fax: 815/282-3075

Web MW: www.pfiluteLOO!l1E-M!!il:saIes@pfalller.com
The~l_onWorl!s, 100!JUniversityAVfl.•Rochester,NY 14607·1282

i'booe; 71&473-1000 Fax: 71614614348
CIRCLE 110

The gear-making machines of the next century
will be built much faster and more
economically, for quick delivery and faster Ro!.
Hobbers, shapers and grinders alike win share
common components and readily available spare
parts to greatly simplify maintenance and reduce
costly downtime.
Luckily yvu won ~"./unl:eto wail until then to
WyOM.
Introducingthe GP Series: a new line of gear
bobbers, shapers and grinders that share a
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