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win I IUtII .. II rP111 IM,IMi, you donthave
to ·swing and miss' just because cross-axis gears
throw you a lew curves, Here's why:

'Plun 1:11•• 111111:You'll dramatically reduce
development and set-up lime wilh M&M's process
simulation capability, ·Virtual cutting" lets you see
the effect 01 machine tool settlnqs.i.and make
corrections ...before you cut the first gear.

f 111111.1111 •• : Quick-changeover 3D and LVDT probes
handle straight bevel, spiral bevel and hypoid gears
with unsurpassed accuracy.

fli I'UIU •• IIII .IUI.U: Tailored, easy-:!o-
use, application-specific software and correction
modules are all you need to meet your inspection,
analysis and process control needs.
II lilt '1I111~nl II nr' .unts:, pleasecall:
(937) 859-8273. Or lax: (937) 859-4452.; e-mail:
inlo@mmprecision.com. Visit us on the web at
WW'N.mmprecision.com.

-rHE METROLOGY is MOTION' PEOPLE''"

C 19YrI M'&M Prl!CJS/on Syst~ms cOfporsrlon
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•I Ken Wojslaw,·
Director CPM Powder Facilities

ill' SM

C·PM Hiig~hP,erfo,rmance Too II Steel's
IExpanding the Range ,of
P·erformance Capability

* Throughout his 25 years at Crucible Specialty Meta'is division, Ken WoJslaw has gained a
reputation as "Mr. CPM, the Prince ot Powder." These days, Ken not only runs our CPM shop,

Conventional Tool Steel he is also overseeing the exciting expansion of our powder production faoilities, scheduled forc:Crucible _ co.mple1ion in 2001. Others may attempt to imitate our CPM. but they cant imitate our Ken I

Service Cen,ters
A Division of Crucible Materials Corporation

Crucible Particle
Metallurgy (CPM)'

The CPM process
results in a homogeneous
microstructure' with a
uniform distnbution of
extremely fine carbides.

CPM Tool Steel

If you're looking for superior wear resistance, greater toughness, higher red hardness, improved
machinability, or more consistent heat treat response, then we've got a CPM tool steell for you!

In 1970,. long before others even thought about P/M tool steels, we 'began production of CPM
steels at our Specialty Metals divlslon in Syracuse, NY. What a success! Since that time our
CPM product line has continually moved towards more advanced, more highly alloyed steels
which offer superior properties as a direct result of the CPM process.

CPM High Speed Steels: In 11976,our CPM Rex 76 (HRC 68-7.0) revolutionized the cutting
tool market with the highest combined wear resistance, toughness and red hardness available.
Our new CPM Re.x 112.1(HRC 70-72), just released in 1'999, again offers the highest combinedl
wear resistance, toughness and red hardness now available.

CPMTool Steels: In 1978 our CPM10V set new standards for wear resistance in cold work
tooling. Today we offer an entire family of "Killer V" high vanadium tool steels includingl our
CPM 3,V,9V, lOV,15V,. and stamless 4.20V; and we've got more under deve'lopment.

Innovative in 19~Oand still innovative ,today, Crucible offers
the widest se.lection ,of tool steels available anywhere.. ~======~
For the Oruclble Service Center nearest you, please calli:
800 ..365 ..1!185,or visit: www.crucibleservi:ce.com

t
":

CPM
MIGM PU'I'(I''''!''~'' UII.THlhlll t.

CiIR.Cl!E 135Crucible. CPM. Rex. 76. 121. 31t, 9V. fOIt, ISV. 4.20V 8fe registered uademBriIs 01 CrUC111/eMaleriaIs Corp.

- - -------

http://www.crucibleservi:ce.com
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Golds te in ' s Paradox
-AIND' WHAT WIE'RE DOliNG AB'OUT IT

1just got off the phone with an associate of mine at n large gear
manufacturing company. Iwas congratulating him on being award-
ed a new consraet when he told me that they had just experienceda
sub tantial downsizing.

As we went through !he list of ,Gear Technology subscribers al
hi plant, 1 had 10 remove almost. half th name. including a fair
number of high-level engineering and mOJlagemenl Litle , because
liley were no longer mere.

I shouldn't be urprised al. the layoff. though. The hrinking of
the manufacluring ector has been well publicized. For example.
according to a recent Business Week ,article, manufacluring indus-
me cui an average of 26,000 workers per' month through the first
to month. of 1999.

Despite this shrinkage of the workforce, manufacturing contin-
ues to grow in terms of sales volume and actual output. This is as
true in the gear industry as in other manufacturing sectors. 1n its,
September/October newsletter, the American Gear Manufacturers
A:s ociation publi hed numbers from the 1997 .S. Economic
Censu . The e numbers indicate lIlat open gear manufacjurers
employed j u. t over 16.000 workers in 1997. compared to more
than 25,000 in 1977. However, over the arne lime period. the
value of annu I product, hipmenlS rose from $2 billion to $2.4 bil-
lion (in 1997 dollars).

One et of numbers make it look like me gear industry is
doomed 10 fade away, while the other demonsirate its continued
health. That's Goldstein's Paradox, Part L

The explanation is really quite simple; We'v ...gotten much more
productive. Iliken (he situation to that of agrteulrure in our country's
early bislol1)'. With today's modem farming equipment, one worker
proouces far more wheat. com or rutabagas than his predecessor of
a centul1)' ago. What used to take the manual labor of many-
plouglling, digging, plantingand harvesting-c-is now accompli hed
by a few using equipment and 'technology.

Now we're seeing the same thi~g 'in our own industry, h wasn't
so long ago. thaI every gear machine had an operator tanding by it,
Today: because of increased automation, better 1001 and C C con-
trol ,a ingle operator can run everal machine . In addition, today's
rigid machines and carbide tools are c-apable of CUlling much faster
than earlier models. We've become more efficient off the shop floor
as well. Years of investment in computers. software and processes
for CAD/CAM, just-in-time inventory control. order processing and
business management have resulted in huge gains in productivity,
and the lntemel will likely provide even greater productivity in the
years to come. The result i that we can produce far more gears with
far fewer pe ple,

However, the demand for skilled gear industry workers is still
very high. You'd think that with layoff like tho e my as oeiate on
!he phone described, there' hould be a lot of skilled gear people
available for hire, Bill aile of the bigge t complaints I hear from gear
companie is !hal finding' killed people is becoming harder and
harder. That' Goldstein's Parado,", Part U.

One explanation for this paradox. is that changes in technology
ma:ke it II,COIIStlll1t job jus\. to keep 'Up. GeM mal1ufacturing compa-
nies are forced 10 continually train and retrai their employees.
Educatlon is important. but cOlltilluing education is crucial.

A couple o.fweeks ago, m visited the AlOMA Training School for
Gear Manufacturing, where [was not urprised 10 learn lhill demand
for gear training is as high as ever, The classe are held at ihe cam-
pu of RichardJ. Daley College in Chicago, where in tructors
teach maehini IS, engineers, and others the basic of gear manufac-
turing in a hands-on machine hop setting. Other gear-related semi-

nars and classes on our technicalcalendar each issue seem 10 indi-
cate that these types of programs are going Slrong as well.

Althoughlhe changing technology explains part of th parndo)l,
another faetor also plays a role, Although il eems logical that lay-
offs in lIle gear industry and a continual contraction of the work-
Force hould provide for extra worke s, unemployment in our coun-
try is alan: all-time low. Most of ihose gear people are being
absorbed by other industries.

£! seems to me thai our industry hould do all it can to keep the
skilled employees it ,already ha . How does someone who' been,
downsized fmd a new job thaI rakes advantage of his skills'?' How
does a gear compu:ny know where to find the plant managers, gear
engineers. operators, quality assurance people, sales engineers and
others it needs? If we had some central place where the talent lind
the companies looking far :i.tcould commonieate, we :might be able
10 solve orne of that problem.

Thal's why I've decided to announce something new being
offered foe free 'Iluough The Gear Industry Home Page'N. We· ...e
created an online service wherein qualified gear industry people
who are out of work can po t their qualification·· and contact infor-
mation at lIj·w ....'.gea'rlechllolog)'.com at no co t, Managers at gear
companies can locate the killed workers they need. and employ-
ees who become' the victims of downsizing or corporate restruc-
turing can find employment that takes full advantage of Ih . skills
they've acquired.

This service is only for gear industry employees who. have been
laid off OI have been given notice, A job seeker who wants to take
advantage of our site must post the name of his previous employer
and supervisor. We're not 'Irying '10 create a situation where 'emplo.y-
ees begin querying their companies'competitors f rpo ition .
We're trying to !help re }Ide lalent back inlO me industry.

This service can also De :1 benefi! to !he cornpanie. lbai are
forced to cut staff, Very often, employees who get laid off re excel-
lent, productive workers, who WIder other circumstance w uld .,iU
have their job .. It's our hope' lIlal Ihe managers or human resource
departments of these companie will be able to help th se workers
find new jobs in the gear industry by making them aware of our free
service and helping th mpo I their information online.

Improving eommunieauons between employers and potential,
candidates will help solve part
of the problem. By embracing
the tools of the information
age. we can help the gear
industry build on the strength it
aLre.adyhas.

her lind Editor-in-Chief
MARCH/APRIL. 2000 1





Heat Tr,eati:ngona
Gra,ndScale

The gear, a double helical with Ell 1061'
outside diameter and Ell 36° face. weighs
40,000 pounds. Destined for use as an
intermediate drive gear ror a hot. trip
mill in Latin America, Ilbe specifications
called for an effective case dep1b of
O.250tl and Ell nominal surface hardne s of
fIRe 58,...62 with a swfa )e' carbon COR-

tent of 10.70-0.90%. Th manuf cluter
turned! to MeUab of .Philad Iphia, PA, to
do Ihejob,

According to James, Conybear, one of
the owners of Mellab, "We get orders
from all over the world and heat treat. two
or three huge gears a mnnth," His pan-
ner, Mark POOob. adds, "We carburize
and nitride gears for milling equipmenr,
mills, cement plants. ship, drive , and the
military, There is only on other furnace
in the world that Calli accommodate the
sizes we work. with."

When working with such large work-
piece, Podob and Conybear say that the
real key is uniformity of heating.
Without it. the proee i, imprecise and
unrepealable, Three major areas of con-
cern determin the unifonni.ty 0 the
healing process: flxmring, quenching
and process control. If these areas are not
carefully watched. there can he prob--
lems. '''With these big assemblies," 'ays
Conybeax, "their weight will crush them.
The matenal tends to sink into itself,

REVIOLUTION!S 11- 111

abo t self-forging, with the in ide mate-
rial moving toward the outside." That
.Ieads to distortion. "Most gear designers
can design for dimensional change," says
Pbdob, .. 0 the ',ey is to make 'the proce s
precise and. the results repeatable." That
is accomplished by proper fi,xluring.
quenching and process control.

Fixturing. "You have to make . ure
the part stay tcaight," says .POOob,
"With a big gear, you can pick. it up with
a three-poinl loading if, in. the furnace, it
is resting ona flat plate," With proper
support, the slumping and tooth distor-
tion effects of se.lf-forging can he kept to
a rninimem, "With splines," adds Podob,
"the easiest way is to support the tooth
section and control the healing to mini-
mire distertion.

Process ContrnLThi covers the pre-
ci e. uniform heating and cooling
(quenching) cycle, as well as the atmos-
phere within the furnace itself. "This is
very important because these gears are in
tile carburizing furnace for 8 lO 10 days;"
says Conybear, "We have to Irnow what
is happening to 'them so we can make
adjustments as the cycle continues." This
is accomplished using samples of the
same marerial as the workpiece as wellas
a standard sample that Metlab use to
gauge how weILl.the proce is working.
According to Podob, throughout the
cycle, these material sample are cut and
inspected. Diffu ion ealculadons are then

40,.000 lb. double helicel gllr 'Dnillway ,'aha, qllenching lank:. ICaulllllly ,of MetJab.

Welcome to Revolutions, the co/~
umn that brings you the 'a,est,
most up-tll-d.tl ,.nd IlISy-tD-rtl.d
inform. lion about the people
and 'echnol'ogy of the' ge.r
indust". Revolutions welcomes
your submissions, PIli" s,nd
them to Gear Technology, P.O.
BOJ( '416, Elk ,Gro", Villag •• IL
60009, fBJ( (Nl) 431-6618or ,e-ngil
people@geartechnology.com. ,,,

you'd like more'information .bout
any of the anieles that 'ppe."
please' eirele the appropriatIJnum-
beron the Re.de, SelVie, e.",.

performedjo check the progress of th
carburization proce s, In the case of 'th
40,000 pound gear mentioned above, 'lJ1C

workpiece and samples were of 4320
steel and they underwent 200 hours (8.3
days) of carburizatien,

Precise heat oak and quench control
are important to Illinimizing tooth distor-
tion. 'The key is to minimize the differ-
ential temperature within the part." say
POOob. "'fyou heal big gears too fast, the
inside moves, (0 the outside." You a180

have to ,coom them down jusl . carefuJJy.
quiekl.y mov.ing the h t workpiece to the
quench tank before il can begin to c.oot
"You need to have a lneg_ volume of
quendling fluJd, usually oil, with good
circulation and 'temperature control,"
says POOob. "Ital 0 helps 10 have good
material to begin wilh."

Not all materials are suitable for thi
kind of .application, so making the rig:hl
choice of material takes '011 added impor-
tance when designing very large gears.
"We are often involved ill 'the design
stage," says Pedob. "When you design
one of theselarge components. you have
to be more of a materials engineer to
make sure that the workpiece will make
it througblhe heal treating process with
a minimum of distortion."

Circle 150
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REVOLUTIONS; _

The SPmcket Var;ialble~
Rallio Transmission

Say the words "continuously variable
transmi ion"and most people familiar with
the concept will envisicn V-belts and a split
pulley. The ratio is changed by increasing or
c!ecreasing the split between to the two pul-
ley halves. This works because the distance
of the V-belt fromlbe axis ofrotation and the
transmission ratio are proportional to the
separation of the pulley balve .

Continuously Variable Transmis-
sions To.day~The problem with a belt-
driven system is low torque capability,
since torque depends on the frictional
foree that maintains the V~belt's contact
with the pulley. This is solved by using
corrugated belts a:nd pulleys or chains
and sprockets to provide positive. non-
slip engagements. For such an arrange-
ment to be truly coatinuouslyvadable, a
complei kind of corrugated pulley or

PROCESS
111spection
Since 1938 ITW has provided the gear ,industry
with gear Inspection devices. Put your trust in

the people who invented the process,

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

coarse pitch.
• Computerized double flank testers

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

Model 22750-00P
Dimerl$lOn CM;f

FIllS or BaIlS

No matter what the application,: coarse
pitch, fine pitch, estemais. internals,

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

IT~W He'artland
1205 36th Awnue Well

Alexandria, MN 56308 U.SA
Ph: (320) 782-8782
Fax: (320) 782-5260

E-mail: itwgears ........ CXIIII
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sprocket with a continuously variable
diameter and a constant rib pitch would
be needed, Whlle the advantages of
using continuously variable transmission
technology are very real, the drawbacks
of present design -limited torque,
expense and complexuy, size and
weight. are problematic. What's more,
according to Vince Bakulich, president
of Revolution Industries of Santa
Monica, California. many pre em
de igns are not really contiouously V8Iii,-

able at all. They adjust from one ratio to
the next incrementally. AI 0, many
designs are simply not practical or
adaptable to everyday use. Recognizing
the need for a simple. continuously vari-
able Iran mis ion suitable for high-
torque applications, Bakulich thinks he
has come up with a beuer way.

The SPrtJc/ret. Bakulich bas deigned
the SProcket, a continuously variable
gear or power transmission that operates
at any discrete ratio within a finite range
while constantly engaged and under
load, Referred to aseither an IlIfinitely
Variable 'Iransmission or a Continuou Iy
Variable Ratio Transmission (CVRT),
the SProcket's corrugated belt maintains
engagement while the gear circumfer-
ence expands and contract . "There i no
slippage," aid Bakulich, "You have a
direct connection between the chain or
belt and the driving member. Take a
motorcycle. You have a chain and a
sprocket-a solid connection." Bakulich
then explained that ina motorcycle you
have an internal tran mi slonwhhthree
or four ratios. If, however. you could
change the size of the sprocket, you
could have an infinite number of ratios
within a given range. Its ability to
change lite circumference of the gear is
what permits variable speeds and power
transmission. This change iIi circumfer-
ence, called actuatingthe gear, can be
accomplished in a number of ways,
according to Bakulich, including
hydraulically, mechanically, electriealjy
or pneumatically. "I[ really depends on
the application and the size and weight
requirements." Then he added that th
applications for this technology are very
real and practical.
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"Imagme getting in your car," said

Bak:u1ich. "and pre ing the accelerator to
get the engine up tol ,500 RPM. or what-
ever you need to provide enough power,
and leav,ing itthere ala constant peed.
Then. you press a button up '10 go faster or
down to go slower." Bakulich explained
that with a cOl'lventiollal automobile. ta'go,
:raster you have to. accelerate the engine.
111M automobile equipped with a CVRT.
you would be adjusting the 'tmnsmission
instead of the engine speed,

,CVRT A~vanlages. Thi" example
points alit one of Ithe main benefits of
continuou I.y variable transmissions-
fuel, efficiency and energy conservation.
Oilier features of the SProcket design
include precise gear ratio selection. con-
tinuous power transmission over the
entire range of gear ratio with no belt
sli.pp,ing.hjgh versatilily and strong, sim-
ple construction. The prorotype was built
with readily available, o:lf-the-shelf
parts. Also, the speed at whiehgear
ratio change can be altered allowslhe
CVRT to go 'lhmugh its entire range of
gear ratios as slowly or as quickly as
necessary.

Applications and Be panse.
According to Bakulieh, the greatest use
of conventional contmllously variable
ttan mi sions i in the auto industry.
Oilier application incl.ude utility and
con tant velocity motors and HVAC
units. bicycle chains and sprockets,
motorcycle and electric veh.icIellrallSmis~
SiOIlS, pumps. and wide variety of others.
'The SProcket 'can be used on a wide
variety of applicauons," said Bakulich.
"but a unit would need to be designed [Q

fil. each one individually. We have had
some interest from industriall and auto-
motive manufacturers, but not 1100 much
respon e yet from Detroit"

Circle lSI

Pushi:np the EnvelDpe
Wllih IPilaslic

Achieving higher power density in all

exisong design space is one of the chief
goals of 'Ioc:by's gear designer. Becau e
of the economic and de ign advantages
offered by plastic material • plastic gear

engineers are developing some of the
most innovative solutions.

Kleiss Gears, Inc .• of Shoreview, MN,
has developed some designs lIlat promise
increased torque capacity. redactionratio
and lrength. says company president
Roderick Kleiss.

Kleiss has worked wilh gear design-
consultant Alex. Kapelevich to develops
general purpose design for asymmetrical
pia tie gear. Although the de ig.l1s

haven'l been 'IIsed in producticn yet, they
were developed as a possible elution for
a lawn sprinkler manufacturer who. had
problems with broken gear teeth because
ofa rugged product as embly process.

Kleis_ Gears acmaIJy worked on two
d igns to increase. th ~ strength of the
gear leeth. the asymmetric 1 set and a
beefed-up symmetrical set with
increased pressure angl . According to
Kleiss. both sets performed well inlheir

Tight Speciflicat:i'ons,
Tough IDeadlines,

Short: IA:un~aft.dl
Vol'ume Orders

No matter how tall your order,.vou'll breathe f,rea knowing
it's being manufactur,ad by Milwaukee Gealr- ~hBindustry's
leader in custom 'gears, custom gear drives and .
customer satisfaction,

We'll liberate you from quality, budget and deadline
concerns with accurate quctas, AGMA standard design

,engineeringiand cost-effective production, From start
to finish, your order receives thel most

complete in-house services, including the
lat.est heat treating, and metallurgical
testingl available today.

.DisCO'lllf the monumental diffllrtne.
01, full-service .,"'O'lid,r.

Contllct Milwaukee ,Geal 'oder.

OJ De.signEngineering Analvsis
• AGMA 0.14 Gear Grinding l1600mm cap.I'

• Modern Gear Inspection
• eNC Manufacturing Cells

OJ Precision Tooth Measurement
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_------------- IREVOLUTION S;

future applications. "We expect to see III metal gears, Kleiss says ..
]5-30% increase in stn:ngth," Kleiss says. The otbiting design is still !iln the

Kleiss Gears has also developed an. development phase. Kleiss is working on

tests. 'Theasymmettical set was obvious-
ly stronger than the symmetrical set,"
Kleiss says. However, the manufactl1reT
chose togo wiiththe standatdgears
because of the di advantage of having to,
ensure the asymmelJical gears, were going
rue right direction during assembly.

Despite this, Kleiss believes the asym-
metrical design shows great promise for

orbiting, or planocentric, gear design that
promises to deliver high torque output
and mgh reduction in a relatively small
package. The company is exploring the
po sibility of using this design in several
applications, including a trolling motor
steering mechanism, Kleiss says.

~ !he, boo.rod<:J\eII d auIanoIt.Ie deI!gn QI8
sf>e!checI. II'Ie need aIM b_ gpeaIer oeIabIIIy
and smollet loIIIrancet. wtiIe malntanlng 0< 1tIduc·
Ing the cost per piece. Whll1lng Is now considered .!he
technoklgy d choice Iorc:omblnlng exoeIlent quality
wI1t1 hlgh pjQdYCIMty. by produceri dwlndow IIfII.
wiper riIotcn blaka ~ ~ng gocn. ale. Th!s
exctling p!QC8SI t1O:I near limIt1es! potenllo1 lor
rnad'lIning ttmcded CClfT1IJOOElI1tJ. In0IV'I90led or
hoo:Iened mg18!1011. 10 .!o!9fc!nceo prey!ou!Iy no! po&-

IIbIe by Itv9!:!d roIIM1g. LBIstrIIz has also dswIoped a

'CIRCLE 119

According to Klei s, this application
is especially well suited for plastic.
"Internal gears always {ace limitations
with cut gearing;" Kleiss says. With plas-
tic, the designer can develop the teeth for
maximum strenglill withoul having to
worry about the tooth generating
process. The high pressure angle in this
set would be extremely unusual in cut

An asymmetrical 'Ilell sn Courte~ of II,iA;
GealS.

ways to overcome the uneven torque dis-
tribution on the carrier pins, and the
compaay is developmg an .outputcoupler
that wiU help to balance the bearing load.

Another issue that often concerns
plastic gear designers is the heat generat-
ed by the drive system. "Heal is the

killer," Kleiss says .. Although the gear
teeth inthe orbiting gear set do not gen-
erate much heat. tbey have to be in Illat-
ed [Tom the heat generated by me motor,
Kleiss says.

KI.eiss sees much promise for this
design. "I thilLlCthis is just the begin,
ning," he says. These gearsets will be
ideal for developing a compound differ-
ential, Kleiss says, because they'D offer
an extremely high reduction in a small
package with good radial load .output. 0
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_____________ INDUS,TRYNEW.S. _

IMefl·ab Acquires P'otero
lim Conybear and Mark: Podob, OWD-

ers of Metlab. a commercial. heat treating
company with aJI emphasis on large com-
ponents, deep case c~rburizingand
nitriding. have purchased the as ets and
ongoing business of John V. Patera, Inc.,
specialists in atmosphere heat rrea:Ling
small. to medium ized batches. induction
hardening and black oxide processing.
According to Podob, "The combination
offered 3! true win-win business opportu-
mly by trengilieningthe value offered to
both custom r ba e . Metlab customers
benefit from black oxide treatments and a
well established pick-up and delivery
service. Potero customers gain increased
capacity to assure fa I 'turnaround a weU
as the ability to handle larger parts and
deeper case depths."

Gleason-'Pfauter litana S.'p,A
Sal~ C~mpleted . . I

European Kinetic Sy terns (E.K.S.) !
B,V., a Dutch ubsidiary company of I
Paritel S,p,A., an Italian corporation •.has
purchased Gleason-Pfaurer Italia S.p.A. II

The terms of the agreement have not
been disclosed. E.K.S. will change the
name to DE,CI,MA. S,p,A and the newly Ii

acquired company will erve as a con-
tract manufacturer to the parent. for cer-
tain of the products currently produced at
GI.ea'ion-Pfauter n.alia' facilitie .

Keough IN'amed tOI Board ,of ASM
Heat Treating S'ociety

John R. (Cltip) Keough,
ownerand C 0 of Applied
Process. Inc., ha been
named 110 the ASM Heat I

Treating Society (HTS) I
/01lI! R. KIoJJ,rh DOMd of directors, II

President and owner of Applied Process
since 1992. Keough holds seven heat II

tre3!t:ing or foundry-related patents. He
was recognized as an ASM Fellow in
1998 and was awaededthe Wm ..J. Grede
Award. by the American Foundrymen's
Society thai. same year.

Two other HTS board members were
al 0 named: Daniel H. Herring, director
of research and development at Ipsen
International, and Ronald A. Wallace,

chief technologist-modefing at Wyman
Gordon Co. All of the new board mem-
bers wiD serve three-year terms.

Cleveland Gear and P,IV Si!gn
IPartnership' Agreement

Cleveland Gear Company, a sub-
idiary of the Vesper Corporation,

recently signed an agreement with PIV
Antrieb Werner Reimers GmbH, of Bad
Hombur, Germany. The agreement
authorizes Cleveland Gear to manufac-
lure and market the pry Posired n series

customers, Cleveland Gear win market
these drives as their Redi n product line,
The agreement includes ' leveland in
PlY's global partnership network and
enable Cleveland to provide complete
drive systems empJoyingPIV-designed
drives in combinatien with a variety of
mechanical power transmis ion eompo-
nents, "Ibispartnership allows us to
fully integrate Red] 1Ii drives into com-
plete systems that are perfonnance
matched to meet customer require-
ments," said John Atkinson. Cleveland'

unaurpaaaed
quality,

Regardless of how fine you machine,
grind, hob, or shave your gears, the final sur-
face IS a senea 01 parallel peaks and valleys
DUring operation. Ihese peaks produce
metat-tc-metal contacts, These metal-to-
metal cont CIs result in !he peaks being
ground or brok1ln off. producing !he first 9 n-
eratlon of tooth pilling, SII/dies have shown
!hat once tooth pitting begins, 11Will continue
unlil ultimatBIy the gear tae!h fall,

__ DllMfIEJI __ ""'",-,,_-.,._-. -""-.,.--' ....__ a___-~~...:.~-~":~
-..o1.~.-~Io_

I 325 West 0u1Hl" Slrfi!. Scwlh'nqlon, CT 0&189 U,S /II..
TEL (BOOI62HI755' FAX: (860) 521-8322
2107 Longwood 1lrMI. Blenham. TX 711133 u.S.A.
TEL (409)2n.9703· FAX: (409) 2n-O:lCKl
IREM (Eu ---l
·5 stllCklcf,Tnd. Sandy, EIed1ordsll'l"8, !EnQIand sa '9 , I)'
TEL 00 44 1787 691592' FAX' 00 "" 178769 15119
CIRCLE 123.

.' •• iFIDICfIM**, Inc.

to! ... A C!i'AP R I L 2000 ·15



_------------INDUSTIRYNEWS------------
"TheRedi II drives complement our cus-
tom designed parallel. shaft drives, pro-
viding our customers with a single
source for their drive needs."

Director of Mechanical Engineering.
Haddad has been with the company for
over B years and holds a BSME from
Weslern Michigan University,

Vr. Valery Rudnev has
been promoted (TOm chief
cienust to Group Direc-

tor, Science and Teehnol-
ogy ..Dr. Rudnev hold an,

Mzkry 1/udneJ' MS in electrical engineer-
ing and a Ph.D. in induction heating. He
holds 14 patents and bas published 92
scientific engineering and re earch arti-
cles. He h been with the for

N'ew Dir'ectors at Inductoheat
Inductoheat, Inc., a. Madi on Heights.

Michigan •. manufacturer of induction
heatingequ:ipmenl and
systems, bas announced
the :foUowing promotions:

Fonner project engineer
Ed Haddad has been pro-

.of

THE .PURDY
CO.PO '-F'G

586 HHllard Stleet RO. 1898. Manchester, CT 06045-1898 U.S.A.
Telephone: 860 649-0000 '. Fax: 860 645-6293

Home Page: http://www.purdytransmissions.com
CIRCLE 1122 E-Mail; sales@Purdytt;ansmissions.~om

C l!I!IIIl'HI; NRC\' CORPoRATION

over 6 years lind in the induction heating
industry f.or 24 years.

Peter Dickson, fanner man-
agerof Research and Devel-
opment. hIlS been promoted
to Director of Research and
Development He bas been

/'tl" Didsol! with lindllctoheat for 15 years
and holds II D.Eng. from Gippsland
Uruversity inAustralia.

IMihelick. INomiinatedlO Gear
Research Instit,ute Board

Joseph Mihelick. PE. has been norni-
nated to !he Gear Research Institute board
of directors to fill the 2~200Q Class A
Trustee vacancy created with the departure
from the board of Mr. Gary Kimmet.
Mihelick i president of Gears Plu • Inc.
and has 38 years experience in the devel-
opment. design and maaufactnring of
enclosed industria] gearing. He is a
mechanical engineering graduate of lite
Urtiversity of Cineinnati and holds an
MBA from Xavier University. Mihelick
has three patenlS, bas authored technical

papers for bolh AGMA and ASME and has
served on various gear and engineering-
related boards. Gears PIllS, Inc, is a con 1.11-
laney that offers ,engineering services with
an emphasis on gearing.

New IPatent for .Alfe Hea.' Treating;
AUe Systems, Inc .• a division of Alfe'

Corporate Group, has received a patent for
their new Double Level Furnace. The new
heal treating furnace, described as a flexi-
ble, co (effective high production heal
treating system, ha..s multiple transport sys-
tems within the arne furnace. This
enables multiple heat treating cycle time
using the same control temperature 10 be
run simultaneou Iy. The furnace mini-
mizes temperature variations by operating
two discharge doors independently from
each other. 0

Ten Us What You niak ...
" you found these Revolutions of interest
and/or useful. please circle 223.

http://www.purdytransmissions.com


ADVERTISER IINIDIEX

The l'\mIy Corponuion

Qua~ly Heal Ted!!!Qlogies,...(JSA

REM~mical

Russell. Holbrook & H~

Sial' CUller Co.

Sudllnlcmalimal Gar worts

Toolink Engineerinl!

IJniled Tecl Supply

For more inlonution .bout IIprodlld or ...,ice Idvertised in,
Ibis issue of G"r TIC""DIDfIr. circle Ibe .pprapriate nuntber
on "'t Reeder flespo .... CardlDd pili .... C.rdl in Ibe _it.

NEWI TRY OUR IRAPID READER RESPONSE SYSTEM I
Go to www.ge.rtech ..o/ugy.com/m.1rtm to re,uast addi-
tional inform.tion from any advertillr in Ihis IIIU.'. Your
requ... will b. sent to Ibe advertiser within 24 houn for
lup.r-fa" turnaround I

READER:
,ADVERTlSEIlJ SBMCiE NULIIER

PAGE
HUIlUEIlJ

IIJW Y1'e!!!S 103

Accurate ron Techfl)~ I-LC. 162

Ajlll! Magoetbennic 117

American Metail Treati-'!S Co" 149

Applied Process 141

Buil lnW'nlllional Corp. 131

Bosie ,tnCO<JlOOlled Grwp 142

Becker Gcannc~ICI"!l 1S 1

Boom .t. IKO(;h Machine Tool Co, 144

Crucible Sleel, '135

Dorn,-BIII' 158

Emil e 171

:Enginee~d Heal TIUI. In!;. 1,76

Euro-Tedl

Icr

Gleasen COIpoulion

GI.e.ason PflWtct HW1h Ouuing Tools

HOller

Holcrofl

Holroyd

'ImtUClohUI

LeistrilZ Corp.

M&M Prceistoo Systems CorpcnIioo

Midwest Gut Corp.

Mjlwllukce Gear Co.

Modem Jndusuies. Inc,

Nllllonal Broach & M:acbine Co.

NilI,gara Gear

Qn..Li~ Services

Peter LndlBU'i~

,Petry Teclmol.ogy

PH ,Precisioo I'rodJ:Ij:U

PI'ocus Equipmenl

Pm-GenrCo.

III

127

1.10

'105,152

112

120,177

129

BO,I61

146

116

136

n9
.165

:153

169'

166

1.86

154
:137

,1,48

134

ISS

163

156

122

173

123

167
loo,IS7

U50

172

170

56

],'/

:tJ

70

63

66

63

70
:53

6,

64

..
37

69

5.1

IFC-J

Be, 70

8

61,37
59'

37,46

53

10

66,

12

S

71

39

14

71
45,

"
73

70

43,

70

16

37

15

4:5

2, 70

71

55

69

II

---...--.. --_ .._--

RAPID
ADEON

Rapid Ruder Responseuses the power of
the Intlmlt to bring FAST relpon I to
your requeatsfor information I

Our adverti.ers will reclive your ,a qUI
for information within 24 hours, and you
may receive r.. ponte the very samedayl

You don't have to wait for the post office
any morel

lolA Fie HI ...P RI L 2000 "''J

http://www.ge.rtech


Printed with permission
of tile copyright holder.
the American Gear
ManulllctufulS Assoc-
iation, 7500KIng ,Street
Suite20t Alexandria:.
VA .22314. Copies ,01 the
paper are availabl."
flom ,theAssociation.

S1atements presented
in' this paper are those
of me authors and may
1101 represent ,the pas;-
fion o.r ,opinion ,of fhe
American Gear Man-
ufacturers Association.

Fig. 1-lJ.istrress o.bserved
0.11 ,ball mill pinion' ,during
.1994 vimal' evaluatio.lJ.

Fig. 2-Clo _e view 0./ dis-
tress o.bserved o.n ball mill
pmron dun/Ig 1994
inspectiQn.

Fig.. 3-Currently ;'1-
stalled ball m.ill #2 pinion
showing ,region (near mid~
jace) which has been
grouJu1 o.llt to' remove pu-
ling and ur/ace cracks
and then reslJuted.
'18 GEAR TECHNOLOGY

The Effect 01£Material

mance,-A Case Study
Ravmond ,J. Dr,ago" P.E. ,and Alejandro IFont Filax,. Ph.ID.

Abstract
The quality of the material used for highly

loaded critical gears is of primary importance in
the achievement of their full potential

Unfortunately, the role which material defects

play is not dearly understood by many gear
designers. The mechanl m by which failures

occur due to material defects is often circuitous

and not readily apparent. In general. however.
failures associated with material defects show

characteristics that point to the urce of the

underlying problem, the mechanism by which the

failure initiated. and themanner in which it pro-
gre ed to failure of the component

In this en e study, the authors examine tlle fail-
ure of a medium-sized pinion used in a milling
application. The mode of failure was rather cats-
I:rophic in nature bUI did not follow any of the

typicall.y understood mechanisms, such as tooth

bending, surface distress, wear, etc. Often, as was
the case for the subject pinion. material defects do
nor manifest themselves in these more typical

tooth oriented failure mode , though the .initial
presentation of the failure often suggests more
classical origins.

A complete shaft fracture was [he ultimate
cause~or the pinion's removal from service.

Initial in pection of the failed pinion indicated the
pre ence of cracking in the toothed area. This
cracking appeared to have progressed through l1le

pinion and resulted in the shaft. fracture, which
caused the pinion to cease transmitting torque. In
order to avoid II recurrence of the problem in this
very critical application, it was very important to
fully understand the failure including its cause
and progression mechanism.

Thi paper presents a summary of the failure,
its investigation, and the methods propo ed for its

resolutions. The data i pre emed in tutorial for-
mat so that the basic effect of !be identified mate-
rial defects can be better under tood and used in
future designs,

Introduction
]11 ]992, two new single helical gear sets were

installed as part of a new mill system at a mine
itc. The pinion and gear e are used to drive

essentially identical baU mill u ed Iorproeessiag
ore from the mine.

After some relatively minor stan-up problems.
the gear sets were placed into normal service and



performed withou; significant incident uruil some
pitting was discovered during II visual examioa-
tion conducted Late in 1994. At that time, we noted
only very minor urface di tre s, as Figure I. and
2 how. The di tre wa located at about the midl-

die of the face width and had been sligbUy ground
out at the lime of my November 1994 visit

The pinion hown in Figure [and 2 was in
service until its removal in Augut 1995 because
of severe surface damage. W[was reinstalled in
mid-1998 and failed cata trophically in 1998,
approxlmatelythree woildng years after tart-up.
The number of cydesaccumulated by the pinion
atthetime of fail.ure was lower than 3 X I.OS.This,
therefore, was certainly noi a low cycle failure.
bul it was only one-third of the total design life.

The failed pinion was replaced and the mill
restarted. During a visual inspection conducted iII

early 1999,'lhe new replacement pinion was found
to be exhibiting pitling very similar in both extent
and location to the pitting in the original pinion.
This pining was hand d.re d out and was Found
to have not progressed significantly during a visu-
al in peetion, which was conducted during April
[999,. as Figure 3, show .

During an ill peetionin Apri~ 1999, we did not
observe any cracks on thi .pinion (we were unable
to dye check it), However, the pinion was report-
edto have some cracks in the pitted region which
were discovered during .11 previous. dye check
in pection. The cracks were ground out and the
pinion was returned to ervice, At the time four
inspection, it appeared thai. only minor progres-
ion of the pining was occurring.

The Second Helical Gellr Set
As noted above, there are two identical mill.

gear systems on line at this site. The second mill
was running at the time of our visit and we were
unable to hUI .it down for a good lookatthe teelh.
We examined the teeth through the ins pection port
wilhthe .aid ofa strobe, which allowed the pinion
and gear rotation to be "slopped" artificially. As
Figure 4 shows, this pinion exhibited moderate

urface di:stre s in the form of pitting.
We could not delect any cracks on the urface

of this pinion; however, it would be almost impos-
sible to do. so under the conditions of this inspec-
tion, The region of pitting ob. erved were simj]ar
in size to those observed on the first (failled) mill
pinion, but they were in a somewhat differenl.

location along the face width. In the profile direc-
tion, the pitting was located near the pitch lineen
both mill pinions.

lubricant di t:ribution on both gear sets
appeared to be adequate and uniform across the

face width. There W3 noindieation of any lubri-
cation-related distre on any of lh pinions or
gears examined.

The distress is located about 2/3 of the face
width from the molar end of the face width. White
Figure 4 shows lypica.1 eli Ire s, .il is important 1.0

note (hat not all pinion teeth exhibit this distress,
Figure S showsanother group o:f pinion teeth 011

.Fig. 4-.Pitlin.g diS/Fe s
on second mill' pinioll
te th.

Fig. 5-Ball mill pinio.n
#1 teeth·, ..,hich, exhibiJ no
. urface distr.e.

Hg. 6-FaUed pinioll'
removed/rom #2 lJallmill
LII Augus11998.

Fig. 7-Pinion fracture
face. flle .rIght .area at the
top of tile pinion is the
crack pTO.pD,galwll area'.
The dtuk tua tU the bot-
tom of .,he pinion is the
,area .thal lI'as .cul ,after
the faflrff~'.

IBC!Y.. mond ,J,. IDrago •.
IP.IE -
leads .a .doubt,. lif~. He is a
senior technical jt'lI(1w 01 the
Boeillg COIII{J()Il)' specioli;.·
Illg in gear tedlllology. He is
also chie] l'/IRinUT of Dril~
Sysll!1'IIS Tt' Imology. Inc .. a
gear I!'nginuring ("Oruulting
comptI!ly he/ollllli61 in J 976.

Aleiandro F,ont IFilax,
Plh.iD'.
is a prole or wi/h· (hI!
Department of Mtchanical
Engineering allhl!' Univt'r~il)'
of Chile III Santiago.
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Fig. ,8-.PiJtjng observed
on fractwed pinion. Note
thigrou.nd OUlcondition
of fhe pitted ,area and Ihe
lack of nell' progressio.R.

Fig. 9-.Fractured tooth:
sri1:!ace,. sIIgge/ivB ,0/ a
sub lIrface./ltJII'~

Fig. I'O-Cracks pro-
gressed fr:om the t:ooth
roots.

2U G'EAFl TECHNOLO!!Y

the same pinion which exhibit virtually no distress
at all.

The F.ailed MDI, Pinion
The pinion. which failed in August 1998, was

available for our visual examination; however. as
Figure 6 shows. it was quite rusted. Still, OU1 visu-
al evaluation provided valuable dues regarding
the cause of the failure.

~t was apparent that a crack propagated
through the pinion. The crack was on the divided
face width at about the 2/3-1/3 point The crack
propagated through about 75% of the shaft thick-
ness (Figure 7) but did not compietely sever the
pinion.

This fail me was discovered during normal
maintenaaceaad no problem hadpreviously been
noted during operation. At shut down, mainte-
nance personnel found a piece missing from one
tooth and noted the crack. extending about 75%
around the circumference of the pinion.

It was reported that this pinion had been run In
both directions and !!hat the contact ,apparent on
the tooth flanks confirms lhis. It wa al 0 reported
to me that this pinion had been runniag in one
directioDonly for "c., many years .... " The pitting
observed was reported to have occurred generally
at four locations. positioned.aboul90 degrees
apart. The pilling which I observed onthis pinion
(Figure 8) was not sufficient. of and by itself. to
account. for this massive crack. propagation failure.
Note also that this level of pitting i. not very dif-
ferent from that which I ob erved on this same
pinion when (last visually evaluated it during my
November 1994 visit (see Figures 6 and 7 above).
Close examination of Figure 8 clearly shows that
there was no real progression of the pitting dis-
lJesand thaI. the fracture does not appear to mig-
inate in the pilted region.

The surface characteristics of the failure, as
shown in Figure 9, suggest the presence of a sub-
surface defect, which initiated the crack that prop-
agated to failare, Despite the rusted nature of the
fracture face. it i still relatively smooth in appear-
ance. It is clear that multiple crack branches have
propagated jn the region of the fracture. Thi
topography is suggestive of a fatigue crackprope-
galion mechanism. SClUlning electron microscopy
of this region showed crack growth rates of [0-4

mmlcycle, thatis, 80 IDOl in 3 day of operation.
Based on the view of the fracture face shown in

Figure [0, it appears !.Itat the original failure bad
multiple origins and that it spread from the tooth
root area down uno the shaft section.

CUE"n!ntPinion 'Condition
The condition of !!he pinion and gears cur-

rently installed in both mills are very similar to
each other. At this time neither pinion exhibits any
critical problems; however; the overall condition
of the pinions are very similar to the condition of
the fractured pinion which failed in 1.998. This is.
of and by itself, some cause for concern,

The pitting which is apparent on thesepinions
is somewhat unusual in boih its location and its
appearance. The fact that the pitting is largely mid-
face indicate that it wiU not be practical to. realign
'the gear sets 'to favor the undamaged tooth sur-
faces. The appearance of the pitting uggests an
over crowned condition on either the pinions or
their mating gears or. perhaps, both. I have no. indi-
cation of the actual geometry of these pinion and
gear sets (i.e .•.Iead and profile inspection charts or
other '.imilar measurements) w,ruch might identify
Ilbe specific cau e. Considering the experience of
'the failed pinion. however, and the similarity of the
appearance of !!hepitting on all three pinions, i.t is



quite po jble!hat!he two cl.IlTenlly in talle pm-
ions also exhibit some of the material anomalie
which affected the failed pillion aad, as described
below. ultimately led to its fracture.

If this pitting islhe result of marerial anomalies
as was the fractured mill pinion described below,
dressing the pitted area will lower the stres level
.illthe region where the inclusions appear to be
prevalent. thus reducing the po sibility th.at. they
will cause a cradc initiation and progression
mechanism similar [0 that which led to the failure.

Failed Pinion Shafe, Analysis
The fracture failure of this pinion shaft' an

extreme example of the highly deleterious effects
of material anomalies on the load capacity, relia-
bility and life expectancy of large gears. Th pe-
cine mode of failure experienced was via initiation
of cracks near the top of one t.ooth wi.th propaga-
tion occurring acrest ,a;pproximately 75% to 85%
of the sh~ cross section. as Figures I J and J2
clearly indicate. The cro s hatched areas, in these
figuresshow the region which was cut to expose
the fracture faces while the unhatched regions
show the region over which Ilbe cracks progre sed.
Note especially !he origin of'thefailure in the tooth
top at the top of both figures and the extensive.
branched crack network below the origin.

Despite this extensive propagation. no indica-
lion of the failure of the haft wa ob erved dl.ui.ng
normal operation of 'the mill. The fracture was
onlYlloled during 3. maintenance check. This
crack propagation took place m less than three
months of operation.

The condition of thelooth flanks and location
of the fracture (almo I. mid-face) also indicated
'that the problem was not related to alignment.
Further. the nature of 'the crack. initiation and early
progression indicates '!hat the failure was not due
to an overload condition, either one time or
repeated. These factors point to problems with !he
material or manufacture of the pinion.

Based on tbeappearance of the fracture SW"-

face, a material anomaly i the pTimary su pecl. III
.order to .investigate thi po sibility. a detailed met-
,allurgi.cal evaluation was required.

The relatively good condition ef !he tee!h over
most of th face w.irlth combined with the large
piece which was fractured away from one tooth
near the .middle of the face from just below the
pitcb. diameter of the tooth tip ve1)' strongly sug-
gests a localized anomaly. Pitting failure due 1.0
.ovedoading or overall materialinsufficiency (e.g .•
low hardne ,etc.) wiD manifest themselves rela-
ti.vely uni'fomily on , II or most teeth while pitting
failures due to misalignment-induced overloading

will occur in a localized region of the face width,
biased to the rnoreltigllJy loaded end bUI also uni-
(.onnly dispersed on rno t or aJ] teeth. The surface
failures observed on this pinion were highly local-
ized, as Figure 13 shows.

The pinion was cut through the remaining shaft
ction to render thefracllIre faces visible. Figures

]4 and [5 show the fracture fa e after haft see-
tinning, In Figure 14, the darker region in the
upper right of the photograph is the sectionthat
was cut through to reveal the fracture face. which

Fig. 11 l'inion jradure
/(I(;e. Mating s.ur/ace
911:Ollln in F~guTie12'.

Fig. 12 Pinionl jracture
face. Maling -[urten:e
ShOIll,'11 in' F(g.14reII.

.Fig.13-Fmclflnd pi".
ion ajte,. Tiemo)!al.Note
the large piece Jr,actured
from one tooth'.
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Fig, 14-Pini6.n !racture
face ,corresponding to
-Figure 12. -

Fig. IS-Pinwn iT'acture
fa.ce corresponding to
Figurell.

Fig. 16-lndlJswns ,hal
were found in the frac-
tune origin regio.n'.

Fig. l7-1nclu.sions elus-
t'er,ed in a longitudinal
pattern.
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is the moother surface at the lower left. of this
photograph. It is clear from these figures that the
origin of the crack network is in the tooth region
identified by the arrows shown in Figure 15.

Metallurgi.cal Evaluati.on
In order to better understand the nature of the

fracture, metallurgical amples were obtained

from the origin region and subjected [0 detailed
analysis. Based on this evaluation, the specific
mechanism of crack initiation became quite clear.

Once polished and etched, these eetions
revealed the presence of large concentrations of
inclusions, as figure 16 shows. These inclusions
were widely distributed in the region where the
cracks originated. Such inclu ions are, of course,
impurities in the basic teel forging. The effect of
inclusions on the capacity of the gear depends
very much on Iheir location.

Wndusions act as stress concentration factors
wlltch effectivel,y increase the nominal. load
induced tress level. Depending on their location
on the toolh and the stress field which exi Is at that
point •. uch inclusions may prove bannle or they
may cause substantial localized stress concentra-
tions, whih can result in craek i.nitiation. The
length of time required for crack initiation and pro-
gression depends on many factors including the
magnitude of the basic applied. stresses. If the basic

applied stresses are very high and concentrated in
a single region. such as tooth root bending stress-
es, th creek may initiate and propagate quickly.
Conversely, if the basic applied stresses are more
diffuse, such as t1teyare in the contact region,
crack: may not initiate :for a very longtime and,

once initiated, mayal 0 have long propagation
times. The latter appears to be the case here.

Inclusions were found throughout the origin
region, but the ones which most directly influ-
enced this failure are those which were found
close to the surface of the tooth..If the inclusions
are wel!l below the tooth surface and widely dis-
persed, their effect may be small When close to
the urtace or in the tooth fillet region, however,
they can be quite significant. Concentrations of
inclusions can also po e a very great problem for
carburized pinions when they are heat treated.
This pinion was through hardened, thus this
aspect was, not observed.

Of even greater significance is the situation
which occurs when inclusions occur in clusters,
as Figure 17 shows. These clustered inclu ions
form a very large tress concentration and can
adverselyaffect both the surface load capacity
and bending fatigue strength of the teeth. When
clustered. the negative effect of an inclusion is
magnified many times over.

It was a group of inclusions, such as the ones
shown in figure 17.. which caused the fEllilureof
this pinion. Specifically, the clustered inclusions
were located below the surface but within the
high stress region. As Figure ] 8 shows, the frac-
ture passed tI:trough the piued region, The pitted



region itself, however, did not propagate in. any
significant. manner as is also obvious from
Figul:'eI8. Early in the life of th part. inclu-
sions, contributed 'Lathe occurrence of the odd
pining pattern, which was originally ascribed
olely to over crowning. It is likely thai over

crowning may also have played ,8 role by fur-
!her concentrating the stresse in this weakened
area; however, it isnot possible 10. determine
wilh certainty what tbeproportionaJ effects
were. It is. likely, however, that the inclusions
were the major factor.

In Pigure 18, note that the tooth before and
the tooth after the pitted tooth in the center of
the photograph are both es entially free of pit-
ting, Since crowning (normal 'or excessive)
would be essentially uniform on all. teeth but
the di tribution of material defect !i1l.1I a
indu ions is alway nonuniform, the lack of
di tre. on some teeth indicates that the inclu-
sions are, in fact. the driving factor.

Thl pitting, combined with the presence of
other inclusions, in the presence of the applied,
repetitivewface Ire se caused crack to initi-
ate below 'lite tooth nrface, 11:ti.. same leading
pattern caused the cracks to progre s, very ilow-
Iy at first ((IIi early manifetalio.n was the pitting
pattern observed early in the life of the gear). As
the crack length grew, (be critical stressthresh-
old also dropped, thus the cracks began, eventu-
aJly. [0 propagate more rapidly. Eventually.lhey
propagated through the haft section, resulting in
'Ih catastrophlc failure observed,

.Failure Scenario
Regarding this pinion' pecifie failure sce-

nario, it is clear that. the crack: which propagat-
ed through the shaft: originated in the Leeth ju t

below the unsee due t.o inclu ion • which
acted a nucleation points due [0 their stress
concentration effects. The inclusinns are an
.indicatioll that the steel used in these pinions
was not of adequate cleanliness forthis appli-
cation. ]n addition, as described above, because
of the appearance of pitting, which is similar to
that observed 011 the failed pinion, the pinions
currently installed in the mills are also of some
concern in thatthe same conditions wilichpro-
duced the failure of the first. pillion may pes i-

bly 81 0 exist in these pinions as well
Ultrasonic Inspection

The presence 'of inclusions in this pimon
also indicates that the raw material (forging)
u ed was either not ultra Ollie in peered (UT)
or fum. the inspection was not properly evaluat-
ed. Suc.h inclusions can be successfully detect-

ed by a properly conducted UT inspection. For
example. Figure l 9 . how . the re nIt of a UT
in pection of another forging which did exhibit a
subsurface indication. It is impartarn to note that
Ihis figure is provided for demonstration purpos-
es only as this forging was not evaluated metal-
lurgically to define the cause of the indication.
UT inspections should always be required for all
critical pinion and gear blanks.

C'oncluslon
Material defects can have a very ignificant

detrimental effect on the long term viability of
critical gears. These detrimental effects may
occur in a relatively hort period if the applied
sire s levels are high but in the pre ence of more
moderate tresses, failures :may occur after ,8 very
long period of very succe ful operation.

Recommendation
All critical forgingshouldbe ultrasonically

inspected to detect subsurface material defects
before detail. machining is started. In addition,
material specification for uch gears should
includ cleanliness requirements and a definition
of te ling whicb will conflnn the c1eanline rat-
ing. The u e of vacuum degas ed material will
al 0 help to minimize the chance of a ub urface
defect adversely affecting the load capacity or life
of the finished gear. 0

Till 111... ,...11111* ...
If you found this article or interest and/or unful,
please circle 21'1.

Fig. 1~Crack ptJUtd
tiJro.ugh'pitted regia.". Nole
.thtU ~he teeth before IJnd
,after Ihepitled. tl!0th art
both free /r:om pt/liJJg.

F.ig..19-Vl/raso.nic indica'-
lion oJub urfau deJecl in
a gear forgi'ng.
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Ferritic Nitrocarburizing Gears
tOI Increase Wear Resistance

and Reduce Distortion
Loren ,JI, Epler

uaHtygear manufacturing depends on controlled toler-
ances and geometry. As a re ult, ferritic nillocarburizing
ha become the heat treat process of choice for many
gear manufacturers. The primary reason for this are:

The process is performed at low temperatures, i.e. less than
critical

2. The quench methods increase fatigue strength by up to, L25%
without distorting. Ferritlc nitrocarboriziag is used in place
of carburizing and hardening, carbonitriding, nltriding or in
conjunction wi.th conventional and induction hardening.

3. h establishes gradient base haronesses, i.e, eliminates egg-
shell effect on TiN, TiAlN,. ere. etc.

In addition, the process can also be applied to hobs, broaches,
drills and other cutting tools.

HisUJry, Fenitic nitrocarburizing was first established in
1.947 in a cyanide, salt-based batch process. mtwas later refined

Pig. 1-.0008" Compound o/While lAyer 011 an SAE 1035 Gear,
Rockwell' C .Hardness 75+.

.Fig. 2-Flllidized bed jrlrnace.
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asa gaseous territic nitrocarl:mrizillg process and patented by
Lucas Industries in 1961. Lucas demonstrated that they could
produce surface layers identical to those produced in salt bath
processes using an endothermic, ammonia-based atmosphere.

The process was classified as a "thermochemical susfece
treatment" that involved !he diffusion of both nitrogenand car-
bon into the surface of a metal at a temperature below the au tell-
ite transforrnation temperature. The process would yield .3 single
phase epsilon layer with an atomic weight of Fep3' The ingle
phase layer makes !:heproduct much more wear resistant than gas
or ionnitriding, according to Dawc and Trantner 0).

[II 1982, lronbeund HeatTreat developed Ni.tmwear® using
similar atmo pheres in a fluidized bed medium. Subsequently.
Jack Ross, owner and founder of lronbound,. patented and
licensed the process to Dynamic Metal Treating. The fluidized
bed proved to be up to six times faster than the conventional,
atmosphere furnaces with less temperature variation, typically
±20 from !he process setpoint, Ferriticni.ltrocamurizing and. its
corrosion re istance process, Nitrowear,are similar t.O ion. and gas
nitriding but produce less. brittleness and greater wear resistance,

Since taldng Oil the license. Dynamic Metal Treating has
developed and refined the process and has many of its own
patents. Dynamic currently has over 25 derivatives of the
process. engineered to meet the product's application and envi-
ronmental requirements. The process is applied to AISJlSAE
4140. 4]SO, 5160. 52WO, 8620, 12U4, J 144, D-2, H-13, M2.
M4, M42 and T-15, just to name a few.

The Ferritic NitnM:arburizi~gProcess
The process temperature for ferritic nitrocarburizing are any-

where from 70ff'-1.200"P, depending upon the base material and
the de ired metallurgical properties. Since the temperature is Less
thaJl the base material's critical temperature, typically 134O"F for
structural. and alloy steels, the parts do not experience any distor-
tion when quenched.

During processing, nitrogen, anhydrous ammonia anda car-
bon produc.ing atmosphere are introduced to the material. Based
upon Lime. temperature and the ratio of these gases" two' metal-
lurgical characteristics are diffused (become part of the base
metal) into 'the metal They are referred to as:
I. Compound layer (also known as white layer or ilion epsilon

layer), and
2. Diffusion zone (also known a carbon and nitrogen enriched

zone or total case) .
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Splined', 18620gear Transfer case. 4-'wheel drive I j 1999 in Nashville. TN.
~~~-~--------+--~---'---~------~Ii r----------------------------------------,4140 and 86211'spur gears Rear wheel drive ,applicationsI-~~~~~~~----+~~~~~~~~---;II!

H-13 drive gears Slnl mill cranesI-~-~~~------+~~-~~--------;Ii
1035 gear IClul,ch hllb. transmission i

1.-......;. ---1 ----1 i If you would like more infonnatlon lbout Dynlmic Metel TrettIng.
Table 2-Gear types ,and applicatJom thaJ' could ,benefit/rom the i Inc.•plelse circle _/erritic niJroearb,uri,zing prouss. j "... _

The white layer has a Rockwell C hardness of 75 and greater,
and the diffusion zone can be anywbere from ~RC 21 to 70,
depending upon tile base metal ..As a result, the product has:
'.' High wear characteristics and lower coefficient of friction

value •
•' Corrosion resistance greater than or equal to stalnle s

steels,
• Low distortion. i.e, no lead. involute, tootil. spacing or pitcb

diameter raaout changes and .0002;"per side linear growth
on measurements over balls.
Anti- palling and galling properties.

Thee characteristies also make this a viable process for cut-
ting tools suchas hobs, broaches. etc. and an alternative to 'tita-
nium nitride or otiler comparable coatings at one-quarter lihe
cost. Ferritic nilrocarburiring can be apphed to aU :ferrous met-
als and 400 series sm:inJess teels, When used with pr-ecipitation
hardening. special surface activation is required.

FfuidWmDn. Fiuidization i .tile technique where aluminum
oxide (sand) behaves like a liquid while in a heat treat fum ceo
1hi is achieved by intro::luc1ng gases at a given flow rate and
pressure througba diffusion plate and into tile sand. The diffusion
plate is primarily a distribution platethat caasesjhe pressurized
sand and gases to react and become microscopica.lIy separated.
thus causing the medium to move freely throughout the furnace
shell The furnace is heated electrically with. silleon carbide heat-
ing eleraen which are located Oll' ide the heat treat vessel'
shell, The heat is mpid1y distributed throughout the work zone.
thereby attaining escellenr furnace temperature tmifoIDlily and
rapid beat nan fer into the workpiece being proeessed ..Th tem-
perature is beingoontrolled to within ±2-S'F while convenrional
pit nilriding experience :I::1~25'F. On pre-beat treated materi-
als, the fierritic rtitrocarburizing cycle temperatures can mirror
cOllvelltionalllempering values.

The surface of the part being treated is constantly scrubbed
with fresh. reactive gases. The fluidized bed methods are not
inhibited by part geometry or blind hole,liJus en uring uaiform
metalhngicalpreperties regard/e of liJe part's configuration.
The aluminum oxide sand particle are nonabrasive and of len
enhance micmfinishes ( ee Table 1).

AllIr Ferritic NitrocaJ'burizinl HI

1<4 Ra 4-S Ra
:> 4 Ra but c '16,Rs, 4--12 Ita
:> ISRa but e 32. Ra 14-28 lIa
:> J2 Ra but. e 125 Ra, JO-1Z5IRa

Table l-Changes in mierofrnlsh willi tlJejelTiJic ratlrocQI'burizing
pro-cess.

Fig. 3-Gelll'S and other ,components ,a-eautl willi /erritit: niJro·
carbuftri.ng.

The fluidized bed furnace can also perform many other heat
treat processes such as nitriding, hardening (up to 1.95O"F). steam
bluing. annealing. stress relieving. carburizing and carixlIlitriding.

Geer Applications. The useful life and warranty period for
many gears can be extended with ferritic nitrocarburizing. Some
of the gear types and applications are listed in Table 2.

Additional benefits for gears include t mper resistance (resi -
ranee to softening from beat generated in service), increased
lubricity at cold stan and increases in the tensile, yieldand fatigue
strength of the base metal as well as high compressive snesses
(229,000 KSO. The process call also, ill rease throughput and
eliminate probl.cms such as bell-mouthed I.D,s. quench crocking.
retained austenite and bainite, and decarburization.

St.eel Selection. Gear steels that have 'been successfully
processed using ferritic llitrocarbuf"lzillg are: 1008-1020.
1.2U4,1215, :1141, 1144,8620.4[40,4150 •.4340. ductile iron
and pearlitic-maJleable ..The [ow carbon and .Ieaded steels are
selected when the .application is under low. applied torsional
and aeialloadingaeeding primarily wear resistance, The I lX_X
series is used forits increased machinability while maintaining
some core hardness properties. Higher torsional and axial load-
ing or where backlash occurs may require higheralloyed mate-
rials so that the core properties can be maintained during ferriI-
ic niltocarburizi ng.

Case .Depth/Quality .RequiRments. Quality assurance of
ferritic ni.l.rOCarburiling is typically very simple. iParl.sare
checked for file hardness per SAE J8M, while white layer and
diffusion zone are verified throlJgh metallography.

File hardncssvafues for low carbon steels are typically
reflected as 58 minimum with the value increasing according to
the base material. White layer depths at H)(~j, X are anywhere
from .000050-,.0022" (.00]27-.056 mm) and diffusion zone
fr-om .0013"110> .032" (.On-.81 mm).O

.........--........
If.,... found this article of Intwe. and/or useful. pie... circle_
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Reducing Production
Costs in Cylindrical Gear

Hobbing and Shaping
Prof. DrA'ng', fr;itz Kloc'ke and Dip'I,~lng. Claus Kobialka

I
I

Increased productivity in roughing opera- !
tiona for gear cutting depends mainly on lower!
production costs in the bobbing proces . In:
addition, certain gear, can be manufactured by
shaping, which al 0 need to be taken into

account in the search for a more cost-effective
form of production.

One way of increasing the productivity of
the hobbing process is to raise cutting speed.
Another potential strategy for reducing costs I

:lind thus increasing producti.v.ity is to eliminate
the use of cooling lubncants, High-speed hob-
bing is now understood almost exclusively as
dry machining with carbide tools at cutting
speeds in excess of 300 m/min (Ref. 2).
Together with the introduction of such new
technology. productivity can also be enhanced
through the use of innovative high speed steel
cutting 1001

Introduction

Ecological reasons:
• Pollution due to disposal
• Oil mist
• Stricter laws & regulations

Economical reasons:
Costs for using

cooling lubricants
---~--~ 7-17% • Cooling lubricant facilities

• Exhaust-type mist collector
• Purchase of !.he lubricant
• Maintenance and process costs
• Disposal co ts
•' Loss wi !.h.pans
.' Other costs

Medical n:asons:
'. Skin exposure to chemicals
'. Inhalation of o.Hvapor

Fig •.I-Reasons for eliminllting cooling ,lubricants (Ref. 7).
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The potential of each of these rationaliza-
tion measures (use of HSSand carbide tools) is
discussed below for tile case of hobbing. Thi
information is supplemented by an indication
of the technological limits and proee s reliabil-
ity of specific applications. Finally. because
certain gear cutting applications require the use
of shaping, a lubricant-free option for manu-
facturing interna'i geM~ is indicated.

In order to make a comprehensive and reli-
able asse sment of the required productivity. the
report first analyze, wear-relevant mechanisms
in bobbing and shaping operations. Various tool,
materials and coatings are investigated at differ-
ing enning paraoieters in relation to the special.
stresse encountered in machining at high spe-
cific removal rates anddiffering machining con-
ditions, The objective is to demonstrate both the
performance potential and the current limits for
existing tool systems. Finany,. the Lool lives
determined in the tests are assessed.

Sta.tc of tbe Art
Economic and ,techno/'ogical significance 01

coo.ling lubricant. Modem cooling lubricant
systems make a deci ive contribution tothe high
level of performance of numerous production
proce ses by performing their main tasks of
cooling and lubricating the contact paint and by
tran paning chips away from it Despite their
great technological imponance, they have been
the target of increasing criticism in recent years,
stimulated by rising operational and dispo al
costs due to stricter environmental regulations .

Consideration of these problems has made
many users aware of the costs involved in the
use of cooling lubricants. A recognition that
part-related costs for thecooling lubricant y-
tern may be several times h:igher than tool costs
has led to a reevaluation of cooling lubricant
use in many companies. The logical con e-



quence i a demand for solutions which reduce
or eliminate the use of oooling lubricants and
hence the associated costs (fig. 1. Ref .. ] .

E. pecially in term of economic criteria.
purchase co ts for the cooling lubricant mu t be
een in as celation willi, investment costs for a

cooling lubricant unit. Cooling lubricanlsaIso
need maintenance and di pesal (Refs. 2-6).
Lo ses on pans and chip • vaporization and
evaporation likewise eomribute to lubricant
con umption, Overall, costs to the company
associated with the u e of cooling lubricants
repre entan inc rea ing economic burden and
amoum to some 7% to [7% of proportional part
cost in the auromotive industry, Calculations
fur gear making indicated that between .16%
and 30% o.f bobbing cost re ult from the use of
cooling lubricants. lnv.iew of restrictive envi-
ronmental legislation re haplng regulations for
the di po al and reurilization of spedal wastes,
it may be anticipated thatlubricant-related cost
will ri e even further.

Rotential of new 0" op.ti.mi'(.edgear cutting
tools. Together with cost redactions through the
elimination of cooling lubricants. it is possible
to inc rea e producti.vity by using higher cutting
parameters. Apart Irom innovative tool materi-
al • too.] coaling with hard, thin films hould not
be neglected in this re peel.

PVD coating technology in particular opens
the way to improved cutting parameters as com-
pared to the use of uncoated 'tool in macbining
technology; Coating technology has con equent-
Iy undergone rapid development in recent years.
The results of this development include new
hard. thin-film sysl.ems that can be deposited
wiUt can i tent results on tools of .any degree of
complexity. The effect has been to make the lise
of fully coated complex tools. especially hobs,
tate-of-the-art technology (Ref. 8).

Current commerciel : ystems include TiN,
THe,N), (Ti.AI)N and other hard, thin films
based on the elements titanium and .illuminum.
which can be de.1JOited either on high-speed
teel or on carbide. Because of theif wide avail-

ability and differentiated mechanical. properties,
TiN and (Ti,A])N coating systems, will be con-
sidered in greater detail below.

Machining Tests
Tool wea,.behavio,. ,and tool lives for hob-

.bingoperations with HSS t'oots using coating
,lubricant. All te ts were carried out with II

maximum crest chip ·Ihicknes according to
Hoffmeister (Ref. 9) of hcu hili" = 0,[: mm.
Cutting peed wa .increa ed in 30 mlmin stage
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Fig.3-i:omptUQliV6 .tool.life as aftmclion of.clI.lting speed.

from vc .. 90 mlmin to vc = 180 m/rnin. The
width of wear land versus tool life for cuning Il'lrof.DrA'ng. fritzKlocke
speed from ve = 90mlmin and ve = 1110mlmin
..hown in figure 2 are repre eetative for all ana-
lyzed cutting parameter .

IllitiaUy. the tool life criterion aimed at was a
maximum face wear of VB!lU'" = 0.3 mm. The
measured wear curves indicate, however. that a
1001 life criterion of V8m8x = 10.2 mm is more
effective in reducing progressive wear (Pig .. 2)..
The tool life comparison is therefore presented for
a tool life criterion ofVBfiWij :: 0.2 mm (Fig. 3).

Shorter tool life was realized as cutting speed
was increased from vc = 90 to vc = 1810 mlmi.n,
me pective of the coating ),slem. The reason for
this is the increased thermal tre s on the tool
caused by the high relative velocities of the tri-
bological partners and 'Ihe corresponding

Wor\pl_=
16MnCr5
R.,-S40 Vmml

~ :·20·

~"93
b= 16mm

180

Cutting
pIInlIHlrh:

21.0 climb prnce«.•.
T=.4.S mm
wet cutting

is Director of th~ Choir q/
MOlilifaclIlring 'It'chllology
{lJ Iht' /Mlillm! for MlJChilU'
Tools and Production
Engiflt'~ring (WZL) ofth~
Aach('fI Universll)' of
Tt'chnology rRWT.H
Aachl'lI} (Yul Director of
Iht! Frormlrofu-lnslilute of
production Technology
(FIiG·/PT). Aachen.

Di,~VI'ngl.Claus
K'oblalka
is a re tarr:h engiltt'tr
~'Ofking in Iht! fie/(} of gear
l1IQIIufacluring at Iht Choir
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Tool:
m,." 2.0 mm
an = 20·
d.o = 125 mm
Zoo = 3li
n = 15
I

35 HC-PI5/35R.Q ..
(h"' .... =0.18 mrn)

! 30
HC-KIO

§ 25 (b"" ..... =0.12mm)

""
0
n 20
ig; 15

m
~ W:.=

§ 5

0

Workpiece;'
!6MnCr5N
Rm ~ 540 N/mm2

p. = o·
l.z = 93JS8f83

'Oottin-ll
~U1'!!;
climb process
1=4.5 mm
dry cutting
full cutting

300 360 420[80 240

cUlting speed Vc (m/min)

F,ig.4--Toollifeforfully coated car.bide tools with lool-li/e-optimizedc1'est chip
.tlliclcnesses and a maximum width ,of wear land VB...,.. = 0.15 mm.

Tool: Shaping

:::i;-~SP 2030) 700 I====:j:===~====!====~
an = 20" :e
Zoo = 3{) ie
Workpiece:
42CrM04V
R..,. 1.100 N/mm2

P2" O'
l.z=60
hz=20 mm

ulli!!g
p!!J~lUneters:
CCP-i>rocess
f~= 3 .IlHIDivisioD

f,lf." 3

fl. TiN
o (1i,AlON (3 j.lm)

CJ (1l,AI)N ~6um)

o (Ti.Al1N (im NallschniU.)

30 40 50

cutting speed ve (mimin)

Hg. 5-Comparrmvetool life as a function O'f CU/bng {leed.

Tool:
HS6-5-2.-5
Costs: 2400 OM
m" = 2.0 mm

0:,,=20"
dtll=90mm

1= 1.80mm
D," 1.5

Zoo = 31i

2.5 Ir----------------~-.
I. Machiue costso Tool Costs

Workpiece:
16MnCt5
d02 = 11
l.z = 31
b= 16mm
P2" 20·

150 1.80 90 1.20 150 18090 120

cutting speed v < (rn/min)

Cuttlngparameters:.= 4.5 mm
f." 1.15 nun
b"' .... =0.18Imm
wet cutting

SIde' conditions::
Cosl to resharpen:
CasIllO strip:

200 OM!
100 OM! rr.N)
140 OM! «(Ii.A1)N)
JOOOM(liN)
420 DM (@.A1)N)

M!!!Cltifil!' cost pet how': 90 OM!
Weu: O.20mm
Resharpening: 0.25 mm
Tune 10 load pan: 0.08 min
Time 10 change hob: 15 miD

Cost to recoae

Fig. ,6-Production costs as a/uFictiOlI of,coating.
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increase in frictional power. The relatively long
tool life seen at a cuuing speed of vc = 180
mlmin is nevertheless surprising. The exception-
al wear resistance of HSS tools at high cutting
speeds may be attributed partly to the in ulating
effects of the hard, thin film and partly to the
shortened chip length in bobbing a workpiece
with a width of 1.6 mm, A calculation of the
maximum chip length according to Hoffmeister
(Ref. 9) indicates chip lengths of 19.5 to 21.4
mm as a function of the feed rate, This maxi-
:mumchip length is notreached, due to the work-
piece of 16 mm to be machined helically willi '~
~ 200

• The thermal stress on the high- peed teel
during hobbing of a narrow gear is lower than
for solid hobbing ofa broader gear.

Whereas too.1 lives achieved with (Ti,Al)N-
coated tools were on average higher than tho e
for TiN-coaled tools by a faclor of roughly 7, the
tool lives of Ti(C.N)-coaled. tools were even
shorter, Almost irrespective of cutting speeds,
tile maximumanainable tool life for Ti(C,N)-
coated tool i approximately 2 m,

D.ry hobbing with carbide tools. Carbide
hobs have been available on the tool market a:
an alternative to HSShobs for a number of years
ami have been used increasingly in series pro-
ductioa since the inrroductioa ·of bobbing
machines designed for dry culling. Studies of
the wear behavior of 'coated carbide hobs reveal.
face wear versu tool life trends identical with
those already shown for HSS tools in Figure 2.

Onthe basis of thermal emissions generated
by the machining process and proportional to the
maximum width of wear land, industry use car-
bide tool up tOo a maximum wear land width of
VBmax '" 0..115 mm. At larger wear land width,
tbe generated heal. may also affect the fixture
during a dry cutting operation. leading to fixing
problems for new blanks.

Studies on coated carbide teols have shown
that maximum tool lives consistent with reliable
process behavior are achieved with carbides in
applications group P15/35 at a maximum crest
chip thick.ness of heu max = 0..] 8 rum. AKiaJ feeds
in which a maximum crest chip thickness of heo
max = 0.12 mm are realized are advantageous in
the case of applications group KW carbide.

Against this background .. a comparison of
test results for wear Ia:nd width VBl'!Lax = O.I.S
rum and optimum substrate-dependent crest ch'ilp
thieknes es with HC-P.l5/35 and HC-KW car-
bides i of imere t (Fig. 4).

Longer tool lives are achieved with (Ti,A1)N-
coated tools than with TiN-coated tools on iden-
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ticali ub trate . Enthe range of culling speeds of
interest for dry cutting (lic ~ 300 mlmi.n), longer
tool lives are achieved with HC-KW carbide ub-
strate than with HC-P15/35 equlvalents. The
number of feed marking on a tooth Ilank mu t.
however. be taken inte account. separately for
eaeh specific application in term of, lib equent.
production processes for a gear. mf. for ,example.
a sub equent having proces is envisaged in tile
proc~ s chain, values may faU neither above nor
belo a range of feed mar1cing on the tooth
flank. and thi ' faci must be taken into account in
selecting the tool ub lTate or geometry.

l'ool,fillesin slwping. Silaping comeecond
only to hobbing as a significant production
process for the generation of cylindrical parts.
Coaled HSS tools are main\y used fOT ilaping.
becau e mechanical machine concept, aUow
high. cutting . peeds to only a limited extent, and
the u e of co t-inten ive carbide tool for oft
cutting does not appear co t-effective. Shaping is
used wherever the penetration resulting from the
tool andl work:piec geometrie cannot begener-
ated bya hob, A characteristic example i the
generation of internal gear teeth,

Figure 5 ummarizes the tool. lives that can be
achieved with vari.ou Iy coated 1001,a a. fune-
tion of cutting speed for the case of highly-tem-
pered internal gears. The 1.0011 l:ife curves can be
approximated very do ely by traight line inlhe
logarithmic pre entation.

Tool lives vary inver ely with ri ingc tting
speed with all coatingy tern in the tests, This
phenomenon may 'be attributed tothe sharply
increa ingthermal stress on the tool a the cut-
ting speed rises. Onl.y very slight difference in
tool life are ob erved for an coaling y tem in
the high cutting-speed range. The we 'r behav-
ior of the tool ,may be regardeda proeess-reli-
able in all the cutnng parameter fields hown in
the ftgure.

Of ~nterest i the significant lengthening of
tool hfe when the coating thickness is increased.
Doubling the film thickness from 3 11m10 6 11m
virtualily doubles the number of gap which can
be shaped. Approlllimately 380 gap were
machined at vc= 3'0 mlmin, corre ponelling to a I

tool Ufe length of roughly 7.5 m. In the logarith-
mic pre entation. increa ing the coating thick-
ness leads to, a. parallel hJft in the wear curves.

An increase in tool life of some 20 machined
gap per tool tooth as compared to dry cutting
methods is achieved by using cooling lubricant.
The tool life curve also climbs less steeply when
cooling lubricant is used.

1'001:
COSIS.'HM: 5000 DM
Costs, HSS: 2400 OM
1Il,.'" 2.11 mm
a. = 20"
d.o = 90 mrn

l=l&Omm
Di = 15
%0= 31i

2.S I -

H ·Pl5f.lS
HSS-tTI.AJI

~ +------+J~~~--~x=;=====~==~181.5
I!Il

"'1:;

.~ 1.0 t-----t:----~----+---.p~e=
~i0.5 t----+---ll---~-..;;;..-+~~I

o .:I~-t--+--t----I--I

WorkplKe:
[liMnCd·

~"71
t.,,=JI
b= 16mm
i3l = 20"

300 400 4SO10 100 200'·i!lC_ puameUn:
f=4.Smm
f.= US rom
b.. _ .. 1O.18mm
wet cutting

F.ig. 7~Rart costs .ill hoMing as a /unction oj cutting speed:

The effects of the selected feed rate 00 the
wear behavior of the tools will not be discus ed
in greater detail. It may, however, be stated that
a reduction in tool Iiferesults from an increase in
the feed rate, irrespective of the coating, The
decrease ill tool life is, however, smaller than
from an increase in cutting peed. The e data
have already been described (Ref. [0) for the
sbap.ing of 16MnCr5 steel. cylindrical gears .

.Economlc Analysis of Tool Lives
A knowledge of attainable tool life i not in

itself ufficient to justify the use of a specific
toolystem. Of great.eF interest for the industrial
user i a Imowledge of part-related production.
co 1. In this ection, the technological test
resultspresented above are analyzed for a fie-
nonal case to determine the production costs
resulting from. th 1001life,

A machine hourl.y rate of 90 DM (approxi-
mately $60) was assumed for hobbing or shaping
operations, rising to 100 DM (approximately
$65) per hour if ,cooling lubricant i used, The
tool co Is pre ented in the foUowing figures are
ba ed on current cost structures tor medium-
ized tool batche of rougbl.y 1a. to 20 1001in en

per month. (T:i.Al)N coatings are more e pensive
than UN coating • and a cost supplement of 40%
was calcuLlatedfor coating and stripping.

HobbEng. Analysis of the production costs
per finished gear using HS8 tools indicates
lower costs at higher culting speed both for
T1N- and (Ti.AI)N-coated. tools (Fig .. 6). The
atlalysis is based on the coastraints described in
the figure and on the tool. lives determined as a
function of the coating system and cutting para-
meter, for the ca e of ny cutter bobbing.
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Side conditions:
Tool price ~ 850 OM (TiN)

950 DM Cm,Al)N)
Cos! !o =}wpell: 200 DM
Cosl 10 reecar: 20) DM (liN)

300 DM ((Ti.AI)N)

ThoI;.
1'156-5-3-8 (ASP30)
111.=2.:5 mm
a. = 20"
Zo" 30

Workpiece:
42CrM04V
R", ~ 11.00 N'/mm2

~l = 0"
~ .. -60

b:=20mm

Cultlng pmII!leten:
CCP.Proa:ss
f" = 3 DHfDjvisioo

flf. = 3
d!'y cutting

-Ii- liN

••• ~ m.AI)N. 6)lID

cutting speed ve (mlmin)

Machine cost per boor. 90 DM
Wear: 0.30 mm
Re1;harpenJng: 0.35 mm

f'I'g. 8-pan co tsfOT shaping as a junction of cuning qJeed.
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The pure production costs take into account
the hourly machine rate, the tool purchase costs
and the tool conditioning; costs (regrinding, strip-
ping and recoaring) ..

Two cost trends emerge with rising cutting
speed. On the one hand, the machine costs per
part dimini h, since more pieces are produced
over the same period when the cutting speed is
inerea ed. On Illiteother hand, the tool co tper
part increase since too I lives honee as the' cut-
ting speed rises, and fewer pieces are produced
for each regrinding of the too!. Cumulatively,
however, the decrease in machine costs out-
weighs Ole increase in tool costs.

Taking hobbing with TiN-coated HSS tools at
a cuniag speed of ve "" 90 mlmin as a basis, an
inerea e in cutting speed to L80 m/min results in
a cost saving of roughly 15%. This benefit results I

from the 41.% fall in machine costs, although tool
costs rise by 100%.

The tool cost component of production costs
per part for hobbing with (Ti,AI)N-coated tools
at a cutting speed of "c = 90 m/minamounts to
no more than 3~; at. v c = 1.80 mim:in,. the corre-
sponding figure is 11%. Th.i means that poten-
tial co I reductions shou.ld be sought mainly by
shortening machining times and diminishing
machine costs, and less by reducing tool costs. If
part quality permits all increase ill. the feed rate
from fa = 3 mm to fa = 5 mm, the rcsul.ling
increase in maximum crest chip thickness heu max

from 0.18 mm to .0.24 mID may be used to,exploit
an additional cost reduction potential through
low tool costs and machine costs.

Taking hobbing wi.th TiN-coated toelset a
cutting speed of v e = 120 mlm:inas standard
practice in this module range, there is a saving in
production costs per part of roughly 47% with
(Ti.Al) l-coated HSS hobs and a cutting speed of
180 m/min.

The mfiuence of cuning speed on the produc-
don cost. determined for HSS tools in the test is
also applicable to carbide tools. The basis of cal-
culation isa 10% [ower machine hourly rare for
dry as opposed to wet cutting. This is due to the
elimination of cooling Iubricant costs as dis-
cussed in Figure I. Because TiN-coated carbide
tools are less expensive than. (Ti,AI)N-coated
tools, but also anain shorter tool lives,an analy-
sis of the results shown in Figure 4 established
00 significant difference in producti.on costs
between TiN- and (Ti,AUN-coated tools at the
same cutting speed (Fig. 7).

The analysi W.BS based all, a 40% !higher cost
component for coating with (Ti,AI.)N as oppo ed
to TiN. In the future. when (Ti,AL)N coating are
in more widespread II e,costs are likely to be
more favorable.

At the same cutting parameters, a reduction illl
production costs may be expected simply from
the increase in cutting peed (see Fig. 7) becan e
machine cost are ucha dominant factor. The
increase in 1001 costs with rising cutting speed is
marginal compared with the potentiel machine
cost savings.

The same result is evident if production costs
for HSS tools and KIO carbides are compared.
Owing to the mall chip thicknesses, which can
be achieved with HC-KlO, a highergea.r-cuttmg
rate is po sible at a. lower feed rate and identical
production costs of roughly ].10 DMper pan,
because the cutting speed is more than doubled
from 180 mlmin to' 420 mlmin. At the same time,
a lower feed rate improves part qUality due [Q the
lewer kinematic roughness,

Shaping. Unlike hobbing, production costs
for the shaping of highly-tempered work mate-
rials are dominated by disproportionate tool
wear and the resulting tool cost component.
Coating costs are again assumed to be 40%
bigher for (Ti,Al)N as opposed to TiN. Because
of the technological advantage of a (Ti,AI)N
coating, however, a reduction of between 25%
and 50% in production costs is feasible. The
higher coating costs are outweighed by the
longer tool lives (Fig. 8).



Conclusion.
It bas been shown that improved performance

and cost savings of rougbly 50% can 'be achieved
wi.lh coaled HSS tools ina wet cut on conven-
tional hobbing machine if (Ti.Al)N coatings are
used and removal rate are adapted accordingly.

The same trends have been demonstrated for
the dry cutting of highly-tempered internal gears
using a shaping process with HSS tool.

Althougb a higher cuning peed can be obtained
with cooling lubricants, the tool life achieved
makes dry cutting an ecologically and economi-
cally interestingahernative to conventional
machining strategies with cooling lubricants.
The basic precondition for ,eliminating cooling
lubricants is. however fhe use of coaled ~ool .

Cyliadricelgear prodaction willi carbide tools
in a hob bing process reduces product:ion co ts
simply through hortened machining times.
aJllIough tool costs are ignificant]y in rea ed.
The technological advantage of a (Ti.AI)N hard
coating is not mirrored in lower part-related pro-
duction cost ,owing to higher coating co ts a
compared to the TiN coating, Savings are rather
to be found in bigher cutting peed • which can
be realized. througb me bard coating system,
allowing reduced machine and production costs.

On both HSS and carbide tools, the e cost
avings are generated partly by
ignificantly increased tool life, a oppo ed to

conventional TiN coatings, with a corresponding
reduction in the tool cost component; and partly
through the faster cutting speeds allowed by the
lower abrasive wear and greaser high-tempera-
lure hardness oflile coated tools. 0
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](MRS

•

01 he pero-o._rmaace of metal surface.s can be dramatically
I enhanced by the thermal process of rapid surface
I melting and re-solidification (RMRS). When the . ur-

face of a metalpart (for instance. a gear) is melted
andre-solidified in Ie s than one thousandth of a second, the
resulting changes in the material. can lead to:
• Increased wear and corrosion resistance,

Improved surface finish and appearance,
Enhanced surface uniformity and purity. and
Sealing of surtace cracks and pores.

Even. though it ha long been known 'Ihat these benefits can
be obtained by RMRS, the process hasnot been used for large-
scale commercial applications because of key technological
barriers: the inability to produce broad area. efficient and
intense energy sources capable of treating Largesurface areas,
and. the inability to deliver consistent treatment to complex
and non-uniform surfaces.

Recently. these barriers to large scale R.MRS have been
overcome and the process has been implemented by QM
Technologies in Albuquerque, NM, with it commercialization
of me Ion Hearn Surface Treatment (mESTTM) process that
was developed and patented by Sandia Nanonal Laboratorie
in Albuquerque, NM. Thi process uses a rapidly pulsed (1-2
Hz), broad area (25-50 square em) ion beam to melt and re-

solidify the top several microns (up to .0005") of the surfaces
of most materials. The process causes the surface to be molten
for about a microsecond, and the surface cools by rapid ther-
mal diffusion at approximately a billion degrees a second.
Because the energy is rapidly injected into only the top few
microns of the surface, the average temperauire of parts does
not typically exceed H)O degrees centigrade. This latter fact
allows tight dimensional tolerances (less than a few ten thou-
sandths of an inch) to be maintained.

Examples of the effects of the RMRS process on typical
gear and gear materials are pre ented below.

Creatton or a Uniform. Microstructure and Removal or
Defects Using RMRS

Figure I shows the effect of RMRS on the microstructure
of a typical carburized, 8000 series gear steel, This figure
shows cross sections of the near surface of the steel before and
after treatment. The sample were prepared by polishing and
etching to reveal 'the micro tmcture of the materials.

The treated surface region in the cross section micrograph is
essentially featureless. Detailed studies of pulsed ion beam
treated steel have shownthat the grain size of material in '\he
rapidly re-solidified region is typically less than 100 nm. The
process creates a l1omogeneous,equiaxed grain structure. In
addition, melting followed by rapid re olidification results in

Fig.ure l-Meto.llograpll.ic cross section of.ulltr"eated QlJd·RMRS processed, carbllrized, 8000 series gear material. The RMRS pu}c.essed
.regio1J,isfeatureless, Hllticl, is ar;esull of its lIery small grain size and homogeneous,. equiaxed structure ..
.32: (lEAR ·rE·CHNQLOQV



a uniform redi tribution of material in tile region and removes
localized defects like grain boundary oxidation, grain bound-
.ary carbide precipitates, and inclu ions.

In carbl.Lrized reels, rapid melting and reo olidifieation
also creases a near surface region with retained austenite con-
tents in the range of 20% to 30%. It has been reported in the
Literature thai high level. of retained au tenite can be benefi-
cial in low cycle faLigUieenvirenmentsm which the enhanced
strain at crack tips can cau an au tenite to martensite trans-
formation thai. helps to arrest further crack growth. II has also
been reported that retained austenite with ..ery small grain size
can enhance high cycle fatigue life. The micrograph in igure
] shows thai. the .grrun size 'of the retained all tenire in an
RMRS transformed layer is very mall and unresolvable by
tandard optical micro copy,

Further modification of the micro tructure of the RMRS
region 11- been achieved by subseqaent thermal or mechani-
cal proceing. Heat treatment. cryogenic treatment. and shot
peening have been shown to adjust the level of retained
austenite in (he tran formed region. These posi-RMRS pro-
cessing eptlcn allow for custornization of the microstructure
to fit !he requirements ef different application environment ..

ll1 general, the RMRSproce • when applied to metals, win
result i,1I the creation of a near urface regi n wilh very small,
equiaxed grains and a uniform di tribution of alloying ele-
ments. Defect: compe ed of high vapor pressure constituents I

(for instance, inclusions) are often removed by tbe very rapid
thermal excursion provided by RMRS.

In addition. features such as crack. and pore may be
sealed by the melting proce s. For example •. it has been
demonstraredthat there is sufficient time during RMRS for
molten material to re-flew and fill pores and cracks ·!hatare up
to several micrometers in ize, Thi capability has facilitated
the use or the RMRS proce s for eating near urface porosity
in metal injection molded parts and higher density (density>
94%) conventionalpowder m tal parts.

Cl"eaUon or a Smoother:,
Isotropic Top&grapby Using KM_RJi

As mentioned above, rapid melting and re-solidiflcation
re ults in the short range now of material. As a result. the
roughne and topography of iii machined urface will be
changed by RMRS.

For example. Figure 2 bows scanning electron mieroseope
(SEM) i.mage. 0:1' the surface of the crown of iii carburized steel
gear tooth before and after RMRS. The untreated surface
exhibits directional machine lines. In contrast. the surface of
the treated gear shows that machine lines have been replaced
by .3 longer wavelength, ..i otropic, shallow dimpled surface,

The treated gear surface were characterized usmg a Wy:ko
NT-2000 optical profilometer, The root mean square rough-
ness (Rq) and skewnes . (Rs' ) of the urface features were
measured. The average Rq ofthi .gear was reduced by RMRS
from an average of 90 +1- 14 rnicro-inche to 55 +/- 6
microinche. Other work shows that RM~S can reduce the
roughness of metal urfaces by lip to a factor of two to three.

Figures 2a and 2b-Scanning electron mic1'Oscop - inuIge , (mag-
.n.ijicatia.n' = 250 XJ of ulJtr:eated and RlVRS .rrealed CTOHlf'-. ,of em-
iJuriz.ed stee} gear leeLh. The RMRS 1'1'Ocen ,tran iformed th:e
d:irectional, machined topograplJY .o/Ille unJr tIled -urface to an
isotropic, ,follgt,. w"IJe.lengt1J,alld slig.blly dimpl d.lapograph •

A line profile taken from the surface of the untreated and
RMRS treated surface of a carburized steel. gear arc shown
in Figures 3a and 3b. The e plots show that RMRS reduces
the amplitude and increases the average wavelength of the
surface feature .

FinaUy, k.ewne s is a measurement of the asymmetry iQf
the surface profil abeutthe mean surface position. A p<dtive
skewness indicate Lha:1the most di tant lying point" on. IH-

face profile are proportionately above the mean urface while
a negative skewness Indicates the most distDJ1I.1yi'llg point are
proportionately below the mean surface. The skewness mea-
surements of this gear showed that the average Rsk for the
machined surface was .approximately 0.0 +/- 0.2 and the aver-
age RJlk ofa rapidly melted and re- olidified ~1lIi ce was
approximately --0.3 +/- 0.2. This change in kewne. refl ets
the creation of shallow "valleys" in the urface jha! i
observed in Figure 2. The lightly negative kewnes also
suggests that the treated surface has few spikes or bump that

MARCHI"PRIL 2000 :33,



'" .....
I

A iM
I

I \ \
( I 1'1

\
1

\ '"\ ,JV r-. I

I 1 l ~ J r ~v

; " I j
~1

l rll.\

./ IV'"
1m

"I 40 lID ,m 111 ,10 110 ''-0 "0

I,
!lin .....

I

I
1

\
-

/ -, -~
"\r\ ~..A r" "';

t:/ r\.,...., UJ"
~

.,

.,
:..m

40 40 lID' 10 , D 1.10' Il ,10

,Figures 30 ,and 3b--Surface profile SCan oJ.untreaJed and treai-
ed' crowns of carburi'l.ed, steel gear teeth taken using an optical
prqfilometer. The RMRS process reduced tile root-mean-square
roughness from 90 micro-j'Jches to SSmicro-,inclles and increased
the wa"ef,englh of the c,haracteristic surface!eatur;es.

will 'typically wear away quickly in sliding wear envtron-
ments. The presence of, hallow valley in the surface can also
help with reducing run-in time while increasing lubrication
retention in slidiing application . Por example, work: conduct-
ed by QM 01'1 the RMRS processing of steel piston surfaces
has shown that this type of surface significantly reduces fric-
tion in tiding applications.

The changes in the surface topography call sed by RMRS
processing have also been shown 1.0 Significantly improve the
adhe ion of very hard coatiog . Inaddidon to removing cont-
amination from the surface, the ~RS process reduces the
population of stress enhancing. de-COhesion point at the bard
coating-substrate interface. The increa e in surface cleanliness
and homogeneity combined with the creation of a smoother,
isotropic finish by RMRS create abetter surface for coating.

Conclusions
When applied to gears, the RMRS process has been shown to:
1. Tran form the microstructure of the gea material into a

very fine grainedequiaxed and homogeneous microstruc-
ture with a reduced population of cracks and pcres.and

2. Create surfaces that have i.sotropic. hallow, long wave-
length. dimpled features rather than directional machined
surface features of shorter characteri tic wavelength.

These changes, can, result in decrea ed wear rate and
increased fatigue life of gear materials. In addition. QMT has
shown that 'the mEST rapid melting and re- olidification
process can be used to significantly enhance the performance
34 GEAR TECHNOLOGV

of surfaces in many diverse applicatlons. For example. !BEST
proce sing has increased the lubricity and wear resistance of
metal injection molded parts, increa ed the lifetime of Sled
flexible rotary dies by up 'to a factor of ten, and extended the
~ifetjme of cemented carbide tools used to machine cast iron
by two to three times. 0
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-Tampa
Superior MdlIl. Treating
S~ I'ka! TlI:ating
The Bowdil Co.
Tberm Toch of Waukesha
ThetmaI Bmze Inc,
Thermal MetnJ 1i'rea!in1l1nc.
Thermo Electron Meli!

Treating Div,
Thermo Treaters Ltd,
Therm-fech of Waukesha
Tocco. lne,
l'ruaecb Inc.
TI'eI!I.AllMelllls
nojon Heal Treat Inc.
UnivmaJ: H~I Treating
y.1!aI .Braze
Waltet- Hear Treating
Washington Metallurgical

SeJVices
~iss InduSlries Inc.
WeidUClion Corp.
Weo.tside Flame Hardening

AU$JiEMPER1NGi
A.F:C.-PiFoo
Abbotl Furraee ComJXU1Y
ABSMellllJ~ca1

~soo
eeurare Slrel Treating

Advanced Heal Treat Corp.
"':WDlerlQllOlBurton

Ad1ll!!!Ced Me!aIlutgicai
Tl!Chool.ogy. Inc.

Aloo HCllIlieaIing Corp.
Alfred HeUcr Heal Trculing
ArrK:rK:un MeIaI Treating Inc.
APWeslw!l'e
AppIled frocess.loc.
Almo!;phere Furnace Co.
Beehive Heat Treating
Bennen He:ll1'1i'e:llin~ &

Brazing Co.
Bodyaxe '11Icmt.aJ

I'roccssing----Oinloo
Bodycote Thermal

~ing-PI. Wonh
Burb:mt 1lleI Dealing Ioe,
Cenlrill Kentucky

Proces..ing. Inc.
Century Sun Metal Trealing
Cenified Metal Craft, loc..
IEdwards Heat Treating

Service -

EIn1iIl! Heal Treating. Inc.
~ Heat 1m1,11!r.
FJa.me MctJ.l5 Precessing
Fox Sleel Treating Co.
I'PM Hell! rreating

"":ElkGmve
Frankli n Steel Treating
General Hear Treating Corp.
Gcn=lM~Hem

Treating Inc.
Gibson Heal. Treat Inc.
H11CcMetaI Group

-Cievd ..nd
Horizon Steel Tleatinll. [fIC.
Hudapack Metal Treating

-Addison
Hudapack Metal1'reati.ng

-Glendale Height>
Hy-Va<: Teolmologies Inc,
[Ilia!111Heal Treating Inc.
!:rJdtL<lriaI. Steel Treating Inc,
Ipsen Intcmatiutu!lloc..
. -Almo!;pbere'Pn:x!uru

Irooboond Heat Treating
Irwin Au!o!D!ltioo Inc.
Jaseo Heal. Treating Jnc.
KowaWci. Heal 'Iresting Co.
Undberg Heat Treating Co.

=-Eden Prairie
Lindberg Heal Treating Co.

""';lansing
LindberJ! HCllITh:ating Co.

, :elrose Pmt:
Undberg HeaL Treating Co.

-RllIK:oo Dominguea
Lindberg Heal Treating Co.

-RaseIOOllt
UudheIJl·Heal. Treating Co.

-Thlsa
M & M Heat Trl'at
Metal Uqprol'emeDt Co. Inc.

-WICILIa
Metal TIcd.mg Inc.
Metals Te.:hno.logy Corp.
Meililb
Mc!ro Sto:l Treating
Met-Tek loc.-C1aclmmas
Midweslern Machiocry Co.
National Mew Proce,,"~ing
Paulo Products Co.

-~Cily
Paulo II'I-oitIlCIs Co.

"":Murfreesboro
!'-.lUto Products Co.

---'SL Loois
1'Il!:!eni-. Hcat Trculinilloc.
Sonre HeJ1 Treating Corp.
Southeastern Heal Treating
Stee.1Treaters, loc.
SIIIICOOSIHeal Treat, Inc.

-0\'[31:..00

SU!ICOISI Heal Trear. Inc.
~Palm Bead! Gardens

Superior l\IIell!!T:~]!lng
Therm Tech of Waukesha
Thcnno Electron Metal

Treating Div.
We..<lSidcAame Hardcnin.g

Cen1ury Sun Mi.. etaI Treating I
C'~FIame

Hardening Co.
CincinruIli S-teelTreating Co.
Delphi Engineering
Detroit Sreel T=ling Co.
Dixie Heat 'll'uting
Drever Heat Treating
:East-UncI Heal Treat
Ed\lrl!!'ds Hell!. 1't=ting

Se.mce.
Elmirn Heal Treating, Inc.
f..ngjneen!dHeallkllll.lnc.
Erie Sleel Treating Inc.
Euclid Heal: Treating
Fenton Heal Treating
Flame Metals PT'OCCSSing
A'M Ipsen Heal Treating
,Gcoeral Hcal Treating Curp.
Geoernl Metal Heal

Trealmg Inc.
Grand. Rapid.~ COI'tIlt1I!l'Ci!!J
Heat Treating Co, toe,
~I & S Hea{ Treating
Haruoo-8alt Sleel Treal;ng
Hauni Richmond lnc,
Ifi·Tech Steel Treating [nc.
Hi-TecMetal Group

CorpI:Gu: HQ
Horizoo Swel Treating, Inc.
HIG AeI:oIJmze
mU!MT-York
Hudap;!ck Metal Treating

""';EIkhom
Industrial M'elalTreating
!ndusuiai Swell'Iealing inc. ,
Ja'lCO Heat Treating Inc.
JCS Engineering &

[Je,.-elqment Corp.
Kowa.lski Heal Tre;Wng Co.
Lindberg Heal Treati-llg o.

·~Eden Prairie
I..indbeIg Il-Ieal1'rea1ing Co.

-Melrose Pmit
LJndberg Hea Treating Co,

---Rancho Dominguez
Undberg Heal Treating Co.

-Rochester
Undbercg Hear Thlaling Co.

-Rosel1K!lll.
U_ndberg Hea! 1re!!ting Co.

-SOlon
J...indherg Heal Treating Co •

-1'uIsa.
M&MHCllITreat

Therm-TcdI ofWIWkesba.
Thlctech Inc.
Treat All Metals
Universal Heal. TrenJing
Walker Heat Treating
Wa5hinglon. Metallurgical

Services
Westside Flame Hmdening.

AUSFORMING
Cincinnali Ge!lf Co.
Kowl!!£.ki Hea.l T'reaIing Co.
Meililb
Suncoast Heal. Trea.!. Inc.

-Plllm,lkach Gardens

BLACK OXIDING
A.EC.-Pifco
Abbott Furnace Company
Ad'r.!nced Heat Treat Corp.

-Monroe
Advanced Heai Trear Corp.

-WaleI'IooIB\lrlOO
Advanced Heal i:reaI Corp.

-WarerloolMidpoo
Advnna:d Heat Treating Inc.
Aloo Heal Treating Corp.
Alpha. H'eaI'realef>.
Benedici-MiDer Inc.
Bennett Heat Treating &

Brazing Co.
Cel!Ir.u Kentucky

Processing, Inc.
CJeari.qg iagata
~I !eel Treating Co.
Gibson Heal Treat Inc•
Hauni Ri<:hmood Inc.
11i'<ecb Sleclliwing Inc.
Hori7.on Steel Treating. Inc. I

Im,pn<:1Suaregies. Inc.
Ipsen mleJ'lllltional Inc.

-Atmosphere Products
Ironbound Heal Treating
Jasco Heal Trealing Inc.
Mcllll~lI1C!IICo., Inc.

-Euligl'ville
Metlab
Midwesll!fn Mnchi~ Co. !

Paulo I'rodIIets Co. '
-Klu!,.'i!S City

Pnulo Products Co.
-MemptU;;

Paulo Products Co.
--St Louis

Peters' Heal TreoLing Inc.
Rocbes.telt Srecll'n:ating

Wcrits,lor;.
Speciali1y H£lII1ir::ating

-Elkhart
Spccialily Heal Treating

-Grund Rapidx
Speciality Heal Treating

-HOiland
Superior Metal Treating
Thermal Metal Th:ating lor;.
Universal Heal T:reari..ng
W=ide Flame Hardming.

Meril Gear Heat Tieating
MeW~Co.,1rk:.

---COlum.bus
MetnJ Improvement Co., In:.

-Milwaukee
Met.aI Treating· Inc,
Me!!!Ilwgicallnc.
Metals ThcJmoIogy Cccp.
MeiJab
Mel-Tel Inc.-Clackamwi
Midland Me!.!!I 'f~ Inc.
Midwest Flame Hardening
Midwestern Mad'Iioety Co.

I Modem l!!dus-uiel, Inc.
Modem Sleel. Treating
Neilletan Sleel Treating
0aIdand MeW 1'1ea!m1l Co.
Paulo Products Co.

-Nashville
.l?alllo ProdUCIS Co.
-Sl Louis

Pennsylvania MetalLurgical
Pelers' Heat Tte;!ting Inc.
Ph.oeni.x Heal treating IfIC.
Progressive Sleel TreaLing
Racine H....t ~rea.tin.g'Co.
Specialily Heal Treating

---Elk/uut -

Speciality Healll'eal:ing
-GrnndRapids

SpccWil)' Heal Treating
-Holland

peciruty Sreel Th:ating Inc.
-Parming1on Hills

Superior Metal T\'ea!ing
S)'tOC\l5eHeat Treating

BodyOOle Thermal
Proccssing-;Fl WOI'I.b

Undbetg Hearl!'ea.Jing Co.
-Houston

Undbercg Heat Treating Co.

t:..indbcrg Heal1I'feating Co.
-Melrose Pad: I

Lincfberg.. Heal Treating Co. I

-Rochl:sler
Lindberg Heat Treating Co.

-Rosemont
MeUnb

BLAST CLEANING,
ABS MctallurgicaJ

I't'o=.sors
Aoeurn!c S1lleI Th:ating
Advanced TbermaI

Tochnologi~ I!!c.
Alfe ~leal1'reaIing
Alfred Heller tkat Treating
Alfumce Metall TQling
AJpha Hear Tiealm
American Heat Treating
Al1'aican Metal ~!llnc.
B<!ehive Heal. Treating
Bcoodict-Milla loco
BCIll1CIt Heat r-re!!ling &

Brazing Co.
Bodycole Thel'llW

~g--OIllIOll
Bodyau 1i'bermaI

Proce..<SirIg,-FL Worth
Bodycote ThemwJ

Processillg-Tulsn
Burbank Su:eIl'=Iing, Inc.

IIIWING
Af.C.-Pifco
AhboII Furnace COII!J!iIIIY
Ajaxll~·Corp.
Alco Heat Treating Corp.
Alfred Heller liIeaI T-reating
A.I.I.-:I ProducI:5
American Brazing
Auoospbere Fumsce Co,
Benneu Heal Treating

Brn.r.ingCo.
Body«tc Thennal

~ing-C.anlon
BodyCOlc Thermal

Proccssing-Ft. WO!1b
Bodycote Thermal

PtocessiI1g- Thls.a
Bruing & Met.al Treating

-Cleveland
Bruing & Metal 'ITcaIlng

-Kmrueky
Brazing & Md.aITreatinj

-Minnesota
Cenificd Hear Treating Ln<:.
CcrtiJicd Metal Omft. Inc.
Chicago Induction Metal

Treating Corp.
ColemanCommerclal Heal

'l'reati.ng
Delavan Steel Trealin
Dre\'er Heat TreaDog
WI CwIiM MeI!!J

Treating Inc.
Edwards Heat Treating

Service
Elmirn Heat. 1'reaI'"!l. lne.
Fenlon Hcal Treating
FLlUI'!e MeWs Processing
AwuroJ ManufactIDing. IDe.
FPM Hear T rea!ing

Grove
I'PM Ipsen Hcar ~..ng
Fnmldin S1lleI Treating
GencnI Heal Treatmg cap.
Gib!ioo Hea! T~ 11!c.
Cklod EaJIh ThoIs, loe.
Houru Ricbmood Inc.
HindLTliw Hca! T~1l U1<:.

-Anaheim
HimcriiJer Heat l'reallDgloc..

-Dalli!s
Hinderliter Heal 'Ilremin- loc.

-TI!rnInO!
Hi- Tfdt Aero
"li.-Tbch MetalIw-gic.al Co. I
.HI-TocMrul Grou-p ,

Corporate HQ '
Horizon Stee.1Treating, [ric. I

'1fl'G Aerobrnzc
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HTG Q!pper Brazing
~'<lri~ .

Ifl1GIMT-Duocan
fI11G Me!aI MethOOs
Hydro-Vac
Hy- Vile Uchnologies lne.
lIES-An lOOuaotbenn

lOOusuies Co.. Inc.
I!!du.;:uon Metal Treating
IndUCIoheal. Inc.
Indusllittl Steel -r-"",ting
Ipsen InleJrullilllUllloc.

-A1mDSphere Products
Ipsen Intc:mw:ionalllnc.

-Vacuum Products
Kowalslci Heal Treating Co.
Lmd~ Heal T~ting Co.

-Beflin
L.indbeIJ Hel!! Treating Co.

-HOUSloo
tID:Ibetg Heal Treating Co.

-Racine
Lindberg Heal Treating Co.

-RQl,C:mol1l
Lindberg Heal Treating Co.

-StuJtevWlt
Lindberg Heat TrealiDg Co.

-1U.J5a
Lindberg Heal Treating Co.

-:Woroesler
Magnuro Mew.!. ~g
MeriJ 'Gear Heat Trearmg
Me!aJ Imp'oYcrncra Co. IrK!.

-W!Chllll
Metal ~Co..!lIlc ..

-Emjgsvilk
Metal Tfel!Ii..1ll!, &; ~b
Mc!al Treating Inc.
Maallurgicallnc.
MeuU5 Tedmology Corp.
MciJnb
Modem industries" Jnc..
Modem Metal Processing
NlIliooallndueuolI Healing
Ni1J'(j.Voc Heal Treating
o &. W Heal1'=J Inc.
Oregon Induction COrp.
Paulo ,l?rodlIct!l Co,

-SL Lo!!i<.
Penmyl>'llllia MeIallwgical
I'!msiOII Heal Trealing
Progressi.\'\! SI«J Ttea!ing
Racine Heal Trenting Co.
Solar AIJ1I05pbe= Inc.
Sooee Heal Treating Corp.
Speciali!), Heat1'rearil\g

art
Speciality l~eal Treating

-Gmnd Rapids
SpecilllilY Heal Treating

-Holland
SpecinJl)' Heal1i-eating Inc.

-AII!Ctls
Special!)' Steel Treating Inc.

-Fanning!QO Hills
SIee! Treating
SL.IIlC:OilSt Heal Tre.al, Inc.

---FaIm Beach Gwdens
SWICQ!lsI Heal 1'relIting

-TIIlIIP'I
Sl\perior Metal Treating
S)'I'lICU!leHeal1'renting
ThennaI B= Inc.
Thermo Electron MeLal

l'reating Oiv.
Wall Colmoooy Colp.
Welductioo Corp.

A.F:C.-Pifco
AbOOIt F!!ID!!CCCompany
Accumll: SIGel Treating

, AdV'.tII!ledHeat Treat Corp.
....:W"t~IOQIBUIton

Advanced Heal Tre!!ting
Advanced Thennal

Ted!JlQlogies. Inc,

Albany Metall'reating
A.1ro Hem.Treating Corp.
A1fe Heal Tn:ating
.AIfred Heller Heal1i-eating
~ MeIaIl'reating
AlphaHeru~
American Heal1'reatLng
Americao Metal !I"nx:essing
American Mt:tlll'reating IOC.
AIrnosphere Flll'IJJ!Ce Co.
Beehive Heal ')'re,ltfng Inc,
Benediet-MiLler [nc.
Bennett Heal Treating &

lIr.uing Co.
BOO~ ThennaI

Processing-Canton
BodyCO!e 1bennaI

Processinl. WOrth
BodyCO!e l1!ennaI

P!ocessiDg-TiJl53
Braddock MetallUIgi<:aI
Braddock MeIaIlmgia!I

-A1a~
Brite Metal Trea.Jing Inc.
Burbank Steel Treating. Inc.
Cal-Doran Division
Carolina Commercial Heat
Caterpillar IndlJsuiw

Products Ioc.
Central .Kentucky

~n.!!!C.
Cenrury Sun Mdal Tteating
,Certi:liOO Heal 1'rea!iDg Inc.
Certified Melal Crail. :Inc.
Cincirtnati Gear Co.
CmcinnaIi Steel1'Il::a1lllg
Cit), Su:eI Treating Inc.
Coleman C~ Heal

Treating
Conunercial Sltel Tre!!Li..1l1!!
Delilvan S!eeI Tre.ating -
Detroit. Steel Treating Co.
Diamond Heal 1reating Co.
Dixie Heal ~Li!1g Go.
Dixie M3clJinc &. Heal

Treating Inc,
Drever Heat Treming
East Carolina Mdl!I

Treatin~ Iec,
East-lind Hem 1'rea!
Edwmrls Heru TreIIliIlg

~
Elmira Heal Treating. Inc.
~Heal~lDc.
Erie Steel Treating l!!c.
Euclid Heal Treating
Fairfield Mfg. Co.
Feioblanking Ltd.
Flame MetaI5~l!g
!'PM Heal Treati.J!g

-ELk. Grove
FPM Ipsen Heat TreaJmg
FPMMiI~
Fmnklin Steel ~Jing
GeoeraI Heal Tl'Q!iIingCorp.
General Metal. HeAl

Treating Inc.
Grand R!!pidl; C()fI'l[IlI:R:ia1
Heal. Treating Co., Inc.
H &; S Heall'rearing
Haunl Riel!mood ,InC.
Heal Treal Corp" of

America
Heal-Treating Inc.
HiOOerli1er Hem '!\'efilifi.g 1\1C.

-Annbeim
Hinderliter Heal T!tIl!!!l$ IIX:.

-DalJ~
Hindcrli!er Heal 'l'n:3ling .lIlc.

-Tarzana
Hinderlia flea! ll'eaIing :lIlc.

-ThJsa
Ri-TCclJ S!eeI Tre.ating IDe.
Hi- TecMemJ Group

CorpomIcHQ
Horizon Steel Tre;Wog.lnc.
H1'lJ IMT-York
HJJ&pac1c McIaI 'Ireating

-EIkbom,
Huron
Illiana Heal Treating Inc.

Impact Strategies, Inc.
IndUC1ioo M.eIal'Treating
Indu5IliaI Metal Treating
Indusmru, Steel Treating Co.
IndUslrial Steel1ieatin-8 Inc.
Ipsen International [lie.

-Atmosphere Products
Ipsen In!eIM.tiooallnc.

-Vacuum Products
Ironbound Heat Treating
Jasco Heal Treating Inc.
lCS Engineering &;

Development Corp.
'lake COW1ty Steel Trea!ins
Lawrence lOOustries. Ine.
Lindbei:g Heal Treating Co.

-Berlin
Lindberg Heat. Treating Co.

--Dallas .

I..indberg Heal Thea!iDg 'Co.
-Eden Prairie

Lindberg Heat Treating Co.
-Houston

Lindberg Heal. '!realiDg Co.
-Lan£ing

Lindberg Heat Treating Co.
-Racine

Undberg Heal Treating Co.
-RImdID Dominguez

U!ldbe.rg Heal Treating Co.
-Roche:s:!et

Lindberg Heat Treating Co.
-Rosemont

Undherg Heal Treating Co.
-SOlon -

UndlJcrg Heal. Treating Co,
-_L Louis

Lindberg Heat Treating Co.
-Stwtevnnl

LLndherg Heal Treating Co.
-Thlsa

Lindberg Heal Treating Co.
-Wale!bury

Lindberg Heal. Treating Co.
-Worcester

Magnum Metal T:~!ing
Merit Gear Heal Treating
Metal ~ Co. Inc.

-WIChita
MebI~Co..lIlc.

--Columbus
MetalIInprovement Co.. Inc.

-Emigsville
Metal Treaters Inc.
Metal Treating & Research
MeuU Treating Inc.
MClnllurgicallnc.
Metallurgical Processing
Mews Engineetiog Inc.
Metals Thcbnology Corp.
Metlab
MeUQ Stee] Treali'1g
Mel-leI; Inc.--ClaCkamas
Met-Tell: Inc.-Racine
M'JdIand Mt:tll1lreating, Inc.
Midwesb!m, MachineJ)< Co.
fIIlodm! ~ b!c.
Modem, Steel Treating
Mountain Metallrn:gical
NaIIInII Bm!dI & M!!d*!e
National Metal Processing.
Oakland Metal Treating Co.
Ohio Metallurgical Service
Oregon Induction Corp.
p.~uw!'rodu<;;u; Co.

-Bessemer
Paulo Products Co.

~Kansas City
Paulo Products Co.

-Memphis
Paulo Prodoots Co.

_wfi'eesboro
I 'Paulo ProdllClS Co.

-Nashville
Paulo l'rnduc!s Co.

-SL Louis
Pennsylvania Metallurgical
Phoenix Heal. Treating Inc.
Precision Heal TfCiltin.g
Progressive Steel Treating
Racine Heal Treating Co.

R~ SIee] TIe!lliDg
WorII!,.lN;:.

ROIalioo ProduclJl Corp.
S.K..S. Heat 'fuatinglnc.
S-ooreMeuU Technology
Southeastern HeliXTreating
Speciality Heal Trealing

-Elidw1
Speciality HeliXT:reating

-Grand Rapids
Speciality Heat Treating

-Holland
Spoci~tYH~ Treating Inc. I

-Albern;
SpeciallY SlllCl1'teating Inc.

_F-anningtoo Hills .
Specialty Steel Treating Inc.

-FI'lISI!!'
SIaII: Heru 1rea! Inc.
S!cel'llwm. Inc.
Steel Treating
Suoeoast 'Heal.Treat, Inc.

1(Indo

S= HeatTreat, Inc.
-PIIJrn Bench Gardens

SUIllJOtISI Heal Treating
-Pompano Be&:b

Suncoast He!ll1'reating
-Trunpa,

Superior Metal Treating
Symcu.se Heal 'l'reati..ng
T. N. Woodwol1h Inc.
Therm 1'Ccb of Waukesha
'Iberm!!I MeW treating
Th:noo Electron MeW.

T=liDg Div.
Thermo 1'r!:a.ters Ltd,
'fmculch Inc.
Treat AU Metals
Twlec Industries
Universal He,tU Treatmg
Washington MeLallurgical

SeIVICes
Weiss Industries Inc.

CARBUIUZl.NG
A.F.C.-Pifeo
AbOOIt Fumocc Company
ABS Metallurgical

ProcesSOl'S
A.CC!ntc Steel Trea..ting
Advanced Heal Treat Corp.

-Waterloo'BUIton
Ad\I!!!!Ced Hea TrealiDg
Adv8J!COOThcmW

Technologies, Inc.
Albany Mew Treating
Ako Heat Treating Corp.
Me Heal Treating .
AIIred Helke Heal Treating
ADtOll<)C Metal Ttealing
Alpha Heal Treater.;
~ Heal Tn:a!ing
Amerian M"Lal Precessing
~~TreOOng 1oc.1
APWc'Woore
Atmosphere Furnace Co. I

Beehive He!!! T1'ealing Inc.
Benedict-Miller Inc, I

Beaneu Heal Treating &; 'I'

Brazing Co.
Bcdycote lb!:rmal

Proo::essin!!---Canton
BodyCOll: ThennaJ

Processing-Ft. Worth
Bodycoo: Thermal

Processing- 'Iulsa
Bo!!!i!k.Corp.
Bowdil,Co.
Braddock Metallurgical
Brndikxk Metallurgiall

-Alabama
Brite Me1nI Treating Inc.
Bl!J:b;ulk teel Treating Inc.
Cal-Doran Division
Carow Cotnrn=illl Keat

Treating

CARBURllE and HARDENING' Vel1lcalU! 11 • CA_RSONITRIDING
• DIE QUENCHING' VACUUM !fEAT TREATING

• NEUTRAL SALT BATH HARDENING· NITRIDING
"DEEP FREEZING TO ·12O"F· MARltMPERING

• ATMOSPHERE PROCESS CONTROLLED BY COMPUTERIZED DATA
LOGGER' STRAIGHTENING' NORMAUZING & ItNNEI!UNG

.• FUU METALLURGICAL lAB SERVICES
N.A.D.CAP. ApPfQwd • Aircraft Ctrtified

•Pw M'tlnUl~ltaIJy Ebgin8l!red
ESi:ABIJSHED INll!1591

Holcroft provides a variety of heat treating
equipment. parts and service to the power

train manufacturing induslry.

IHO'LCROFT
12068 Market Street, livonia, Michigan 48150

leI: 1{7341591-11000 • Fax: (7341 591-6443
www,hoicfoftcom

E-mail: sareS@holcroftcom

cr~cle177

9th Iinternational
Induction Heatilng

Seminar

May 10-12
Clealrwat,elrBeach, IFL
www.illductoheat.com

'Circle 130

• Ion Nitridling S~ecialjsts
• Featuring IEeo-Glo
• Full MetaUurg:ieal Lab ..
• Contact James B. Smith 1\'1 for

technicatconsultetion &. quotatinns.

Circle 162
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• .pro" 11li1,y
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III' bI dlo;cua III ~

Circle 173
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Calelpilltir Indus1riaI

ProdlK'lS Inc.
CrnIiIl'}' SWI Melal Treating
Certified Hem 'l'mning Inc.
CAliL.ed M&'II Cr.dt Ioc.
Ci:ncilllUll.i Gear CO.
Cincinnati Steel Treating
City Steel Treating Inc.
Clearing ~
COI= Cornmim:iaI Hem

Treating
Commercini SIl:eI Treating
Custom Hw Tn:atiDg Co.
1:ld!!"'I!! Steel i're:uing
:De.lnlil SIl:eI Treating CO.
Dirunood Heal Treating Co.
Dill;;; 'Heat Treating Co.
DWe Machine & Heat

Treating Inc,
Drever Heal Treating
East Carolina Metal

Treuting Inc,
East-Lind Hear Treat
Eckel Heal Treat
Edwards Hem 1k.ating

Service
Elmira Heal Treming. Inc.
~1IealTh:M, In:.
Ene· Sted Treating Inc.
Euclid Heal Treating
Fairlickl Mfg. CO.
fcmbtankiDg LId.
Fenlon Heal Treating
FInme Mellils Processing
Fm SIl:eI Treating Co.
FPM Heal Treating

-EIkGrove -
fPM ~n flealli-e<!ting
fl'M MIIW3tIl"re
FrnnIdin SIl:eI,Treating
Gear ~y of America
o-rnJ HI!8t Treating Corp.
GcnernI Metal HcaI

Treating Inc.
Goo. fl. Porter Steel

Treating Co.
Gibson Heal Trest Inc.
Grand Rapids Coll1!Del"Cial
HeatTreating Co., Inc.
H & S Heal 1'relu:ing
Hanson-Balk, SIl:eI Treating
Hauni Ricbmond Inc.
Heal Treat COI1l. of

America .
Heal·Treating Inc.
Hinderliter Heal T~ Inc.

-An3bcim
Hindedi!I:r Ib Thealir\g III!:.

-:[)aJlas

~~ lk<!I. 'TJelIIing.1nc.1
Hi!J:lerti1l!t Heal Th:adng Inc.

-Th.Jsa
Hi-Tech Steell'muing Inc.
Hi.T-ecMetaI Group

COIp!lnlle HQ
Horizoo SIl:e.I 'Ireating. Inc.
~&ScottCo,
H1G IMfcDuDC!lll
HJ1G IMT- York
HOOapock Metal Treating

-ElJdlom
HIiI"OO
llliana Heal Treating Inc,
Impact Strnregies, Inc.
Induction Mc[Ol Treating
Industrial Metal, Treating
Industrial Sleel Treating Co.
Ildustrinl Srecll"re;Wng Inc.

, Ipsen fnlemalioonJ Inc.
-AI!nospb!:reProducts

i [P""'l [manaliooal In::.
, -Vacuum Products

fiooOOund H.eaI.1'twing
Irwin Allt!!I1IaIioo IDe. -
laseo Heat Treating Inc.
K.owal5ki Heal l'mIlllng Co.
.I..ake Coon~ S!<lel Treating
Lawrence loduSlries. Inc.
Liodbel"g Heal Treating Co.

-Berlin

Lindberg Heal ii"ealing Co.
--Dallas

LiOObcI:g Heal Trealing Co.
--Eden Pr!!irie

LilrdI.lefg Heal T~.g Co.
-HOtmon.

Lindberg 'Heal Treating Co.
-l.ruising

Lindberg, Heal l'rea!l!!g· 0.
-'Melrose Park

l..indberg Heal Treating Co.
--R.acioc

li...OOberg Heal TIa!IDs Co.
---Rlmcbo DomingllCz

lindberg Heal 'lreating Co.
-Rochesw

Lindberg He!!! 'l"rtating Co.
--Rosemont

Lindberg Heal Treating CO.
-Soloo

Li.:ndbe:rg Hem Treating Co.
~'>t.Loui~

Lindberg Heal Treating Co.
tunevant

l..i!!dbr'll Ht'.!lt Treatins Co.
-Thlliil

Lindberg Heat TreaI:ing Co.
-Walftbury

LiDdbcrg HC3I1lrcating Co.
-Woo:eslrZ

M&'M.H tTrelII
M~Ma<!I~lnc.
Mas~ Heat Tteating Inc.
Menl Gear i-Ical1'reating
MCial~I Co.I!1C.

-Wicl!ita
MetaJlmprovemcnt Co., Inc.

ollllllbus I

MdIll ~.Co. [nc.
_Emigsville

MeL3l~Inc.
Metal -r-.=ting&. ~
Metal Treating Inc.
Metallurgical ,Inc.
MelaJl!.Lrgicw ]>roc", sing
Metals Engioocring!nc.
MeWs Technology Corp.
Metlab
Me1IO Steef Treating
Met·1'ek. :lnc.-ClaclmmllS
Met· iek L",.-Racine
Midland Metal Treating,loc.

I Midwe..'<1I:m.M.uchillery Co.
Modtro IDdIlSlrles Inc.
Modem SIle'1 Treating
'M0IJ.IlllWl M Il!IlUlJical
NaIbJaIIlmIdl Madlb<

aIlOl:lal Metal Proocssmg.
NellJCIOOJecl J1reating
Oakland dill Th:aIing CO.
Obio' Metallurgical Srrvice
Oregon :lnductioo Corp.
P &. l Heal Trealing &.

Grinding
Panek Laboratodes Inc.
Paulo ProdUC(S Co.

-Mempill
Paul" ProdOClS Co.

--Bessemer
Paulo ProdLICI.~Co.

-I(WlSSS Cily
!'nulo ProdOClSn.

-Nasbvitrc
Paulo Products CO.

-SL Loui.
Pe!lJlsylvania Metallurgical
Phoenix Heal 'Ifeating Inc.
Piu·T\:x Inc.
Preclsi.on Heat Treating
Progressive Sleel imating
RlK.inc Heal Treating, Co.
'R,oc.bo:s!Er Steel1lrcating

Worics.lnc.
RotlIi.oo ProdOClS Corp.
SIxR Metal Tochoology
~ Heallreatmg Corp.
Sou1hc!!..~ Heal1lrcating
Speciality Heal T=ling
-~

Speci!!l.ity Hem Treating
-Gnmd. Rapids

Speciality Heal Treating
-HoILand

Specia.ky .HeaI T~ I!Ic.
-A1bens

Spccia/Iy Srecl ~ Inc.
-FanninglDn Hills

Specialty Steel Treating Inc.
-Fra..'Ief

Stare Heat TI\:a! Inc,
Steel Treaters, Ire,
Steel Treating
S~ fkat 1'reaI, Inc.

-Orlando
Suncoast Hel!! 1\"ea~ IDe.

-Palm lkacb Gardens
Slll'lCiQ3SlHeal Trealing

-Pompano Beacb
Suncoast Heal Treating

-Thmpa
Superior Me!al Tteating
Syracuse Heat Treating
T. N. Woodworth Inc.
Thermal Metal Treating
Thermo Electron Metal

Treating Diy.
Themto Treaters LId.
Thmn- Tech oJ Waukesha
Treetech Inc.
Treat All Mctab
TIU1eC 1Ildu.'.trie&
Uni\'1!l'Sal. Heal Treating
W~g!llll Met!IIwgica1

Services -

Weiss Industries .lnc.
WestSide Fl:lme Hanlening

ICBlOGENIGS
ACCUIRIeStcel Treating
AdY.mc:ed Heat Th:at Corp.

-W.terlOoJlBunon
Advanced Thermal

Technologies, Inc.
Alco Heat Treating Corp.
Alfred Heller Heat Treatiog
Alliance Metal Treating
Alpha Heat Treaters
AmericanBtazing
Arrerican Cryogenics. Inc.
American fleal 1'teI!!I!!g
Anmm MwJ Th3ing Ioc.
AppLied Cryugenics Inc.
Beehive Heat TmW!!g IDe.
~cI..M1IIcr Inc.
ile!!!!ell Heatl'realing &

Brazing ·CO.
JiIodyoole Thermal

Pro=sin~oo
.Bodycote 11lernW

Processing-Ft. Wortb
Sodyco!e Thermal

~g-ThlsI!
BllIIrldoc/;:MetaIl!!!iical
BIlIddock: Metallurgical

-Alabama
BurbanIt Steel ~Illnc.
Cal-Doran Divisioe -
Carolina C~ Heal

Trealing
Century SUI! Metal

Treating
Certified Hell! Treating [OC.
CertiJ'ied Metal Craft, Inc.
Cincinnali Clear Co.
Cincinnati Steel.Treating
CilY Steel Treating Inc.
Oyo--1teatn1elll

SpecialL~ u.c
Delavan Stccl "-ling
De!ll;QI Flame Hanbiing
De!roit Sll:eliTreating Co.
Dixie Heal Treating -
Dm't!' Heal Treating
East Olrolina Me!.!!!

Treating Inc.
East·Lind Heal Treat
Ecooomy Flame

Hardefi.in~. Inc.

Edwards Heal Treating
Service -

Elmira Heal T~g, Inc.
~Eb&n..lDr.
.Etie S!eeI Th:aling IDe.
&.eM Heal Treating
Fenton Heal treating
Flame Metals Processing
fox Sb:lel Treating Co.
!'PM Heat Treating

--Elk: Grove
!'PM .lpsen Heal tl1:ating
FPM Milwauklle
General Heal Treati!!g
General Metal Heal.

Tn:atI!!g Inc.
Goo. H. Pooer SIl:eI

Treating Co'.
Hanson-Balk Steel

Treating
Hauni Richmond Inc,
Heat T=I Corp.of

America
Heal-Treating Inc.
Hindetlilet fka! T~g Inc.

-Anaheim
tllnderlill:r Healln:aring Inc.

--Dalli!s
Hinderliter tlell TICI!!ins Inc ..

-TIIrZlIIlII I
Hindedia Heal1\'eaIing I!Ic.

-1blsa
Hi-Tech ~1ctalhn"giealCo.
Hi-Tech Sled Treating :1)11:.
Hi-TecMetaI Group

Corporate HQ .
Horizon Steel Treating. Inc.
I:fI1GA~ .
H!!dapack Metalli-e<!ting

---EIkboo1
Hydro-Vac
Hy· Vat: Tecbnologjes Inc.
Illiana Heal TreatinS Inc,
lmpacI Strategies, Inc.
Induction Metal 1l"eruin1l
Indll,trial Metal1'rea...!i!lg
Industrial Steel Treating Inc.
Ironbound Heat Treating

, win Automation Inc.
Iasco Heal Treating Inc.
Kowalski Heal Trealing Co.
LWdberg H.eal1Teati.Jlg Co.

-;Berlin
U!Jdberg Heat Th:ating Co.

-Dallas
I...itJdberg Heall~ Co.

-Eden Prairie
Lindbetg HI!8t 1'reatin.s Co.

-H"oostoo
U!!dbefg Heal 1'luling Co.

-Melrose Park:
Lindberg I-Ieat Treating Co.

--Rancho Dominguez
undberg Heat Treating Co.

--Rosemool
Lindberg Heal Treating Co.

-Solon
lindberg Heal Trew:ing Co.

-SI. Louis
Lindberg Heal Treating Co.

-Tulsa
lindberg Heat Trealing Co.

-Wichilll
Lindberg Heat Treating Co.

-W~r
MagnwnMetal~
Master Heat Tw!!lng Inc.
Metal Improvement Co. Inc.

-Wichita
MetaI~Co. Inc.

-Columbus
MetalI~ Co., Inc.

-Emigsvilk
Metal Treale!1i Inc.
Mellils EngiIIeeriI1g Inc.
Metals Technology CO!P.
MetJab -
MetrO Steel imating
MeI.-Teklnc.--Gnc1aum;
Modern lnd~ .Inc.

I Modem Sleel Treating

Moonlllin MetalJurgicaI
NilrcJl Metal Tocbnologies

~urlingt:oo
i~SI!!fuoe
8JgimmJ!g-OI!io

Nitro-Vac Heal Treating
Ohio Metal.lurgic.al Service
One Cryo Inc.
Paulo ProdOClS Co.
~

Ii'nulo Prod!!cL~ Co.
-Karu City

I'!!ulo Products Co.
-Mmljfu

Pwdo Products CO.
-M.mphrcc:sboro

Paulo ProdI!c'!5 Co.
-Nashville

P-aulo Produots Co.
t.Louis

Penna F'lruJle Industries
i'!.'n!ll<ylvW1illMeIJl!Jurgical
Peters' Heal Treating Inc.
Phoenia Heal Trea.nng Inc.
Pi!I'lQ Inc.
P:rog=..o;ive Sleei Treating
Racine Heat Treating Co.
Rochester Steel Trealing

Worh. Iec,
!ROIlItioo Produru ,Corp.
S.K.S. Heal Treating Inc.
~hore MecaJ Ti:clmo.1ogy
SolarA~ Inc.
Sooee Heal. Treating Corp.
Sou!heaslml Heal Treating
Sprialily Heal Trealing

-Elkhm!
Speciality Heat Treating

-Grund Rapids
SpecialilY Heat Treating

-Ho[1ruxI
Special!}' Heal Tmiling Inc.

-A1heIl.'
Specialty Slttl Trealingfnc.

~FluminglOO Hills
Specially !.eel TrealiJ!g Inc.

-FI'!IJ r
Steel Treaters. Inc.
Steel 'lTeutlng
Sun Steel Treating Inc.
S!l!ICO!ISI Hem Treat, Inc.

-P!1.I.m Beach Gardens
SllIlCOIISI Heal Treating

-PIlrqpano Beach
SUOC(I;!,·,I Heru1'i"ea!ing

-Tampa
_up<!ior Metal, T~g
S)'Tl1CUseHeat TI'eI!Iing
1: N. WixIdworIh 1nc.
Th<:rro.al Brnze Inc.
1bennaI Metal Treating
1bertne1 Inc .
Thermo Electron Metal

1'realing Div,
Tberm-Teeh ofWauU:sba
TracCCdllnc.
T_ All Metals
Tnnee IDdustries
Universal Heal1'MnIing
Washington Metallurgjl:al

Servi=
Westside F1=e H~

.DIE 'QUENCHING
A.F.C..pjfco
Alfred Heller Heat. Treating
AtJnospheIe F~ Co.
Bcehi"" Heall'realinlllnc.
1~.a·Milkr Inc.
IBeIll1Cll Heal Treating &

B!1!1.inIlCo.
IBod~ 1bmnaI

Proct!ssing,-CantlJll
Bumank 51=1 Th;ating hie.
Caterpillar Il!d!Is.triall .

Produru Inc.
Century SWI Me!o!1

T;eati:ng
CmcinnaIi Gear Co.
CincinnaIi Sli:el Treating
Detroit Steel Treating Co.
EdWl!!ds-l-kal Ttealing

SeMoe
~"1inI,1or.
Euclid Heal Treating
Fl!irlield Mfg. Co.
Fenlon Heat Treating
1'0:\ SIi!CI Th:a!mg Co.
Franklin Sleel Treating
Gibson HCI!1l'=11nc.
G\e!!sQn Works.
Grund Rnptds CoIrunercial

Heal Treating Co., Inc.
Heal1"n::!!I Corp. of

America
Hi-TecMetal Group

CO!pO!"i!fe HQ
Hy· Vae T..::imniogi.es Inc.
Illiana Heal Treating Inc.
InduslJiai Steel Treating
Ironbound Heal "!'reaung
Jolm V. PoICJt) Co.
Kow!!hki fk>lI. Th:a!ing Co.
I..irxIbcrg Heat Traling Co.

-Rnrioe
LirdJdg HmII TIeIIIing Co.

-R~
Metallurgjcal Inc.
Mdlab
OakLand M'eIaI Treating
Ohio MetaJJurgical Service
Paulo ProdlJCls Co.

-Be=mer
Paulo ProdUcts Co.

-Kansas City
,PnUJQ I"rodI!cts Co.

-Mempbis
Paulo Product> Co.

-Nashville
I'IIoeniA Heal Treating Inc.
ROOoduclioo Thermal

I?rocessing
. Rounion Products Corp.
I Spoci!!l!}' SIttJ Treating Inc.

-':Fwmington Hills
SpeciHIty S!eel Treating Inc.

-Fraser
Sun Steel Treating Inc.
Suoeoast Heat Treat, Inc.

-Palm Bead! ~
Theon Tech ofWatmSha
TrelII All Metals
WaI.Ia:r Heal Treating
WaStringtoo MemUuigicaI

Services
WesI5ide J"lame ~g

RAME IHABDENING,
A[co Heal Treating Corp.
American Heat 11reaJing
Bed!ive Heal Treating Inc.
Bennell !Heat l'relIIing &

BmziI\gCo.
Bodycoo: 1bermaI

Processing-OmlOll
Bodycole 1llennaI

IProcessing Worth
Bodycole Thcnnal

Processing- ThlS<!
BowdilCo.
C-allforoia S!!!fJl<.'C

Ha!"dening, Inc.
CalUII1O!I SurfJlce Hardening
Certified Hem Treating Inc.
nlicago AI!Jl}e HOTdcnuig
OliO\!lo IodUCllOO Metal

1'i"ea!iog Ctrp.
Ci.ncinnati Flarne

tLardening Co.
Cinci.JmaIi Gear Co.
Cincinnati Sleel Thcating
Clearing Niagara
ClC'Il!lllDd Frame·

Hardening



-----

- ----- IHIEATTIRiEATINIG SERVICES IDIRECTORY •••••••••••••
Coleman Commercinl :H.eat

'lireating
De!roll Flame Hardrning
Ddmil SlI:cI1'reaI.ing Go,
Drever Heat l'reatiJ1g
East-Lind Heat Tte!!!
Economy l'1ame

Hardening. Inc.
Edwnrd<; HI:aI T-oog Sctv.
Erie Sleel1TeaLiJ1g Inc.
Flame Hardening-Co. of

California
1"0", S!!:el Treating Co.
FI'8J'Ik.Ii.n Steel Treating
Gibson Heal Tl'e!H Inc.
Good Ewth, Toot.
Grand Rapids ComJIIL'lrini

:Heal Treating Co .. Inc.
I4l!nsen-Balk Sleel Tremlng
Hanni Richroond [nco .

Heat-Treating loc.
Hindcrtila' Heal T~ Iec,

-Thl sa
Hi-Tech Steel Treating Inc.
1-I'0U£100 FImIr Hardening
:1-IJ1G lMT- Yod;.
IIJ:iana Heal Tn:ati.Jtg Inc.
lnduaioo Metal 'l're3ring CD.
Industrial Mebl1'n:nting

I Ja..'lCO Heal Treating I!1C.
.John V. I'DIml Co.
Kowalski Heal Treating Co. ,
Lindberg Heal Treating Co.

-Dallas
Lindberg Heal TI'ea1ing Co.

-Racine
L.i!!dbetg Heat Tteating Co.

-RllSe!II<>Dl
Lindberg Heal Tluling Co.

-StLouis
M & M Heat Th:al
Mew.I~I'Co. Inc.

-'-:WlChila

Maa.I~'Co..Inc.
--'Columbus

Mewi. Treating Inc.
MeUlllUIgicalIrK;.
MW.ab
Met-Tek 1IlC,-Oackmnas
Met- Tek Inc.-Racine
Michjgan Flame HMden:i!!g
M_Id·West Flame Hardening
Midwes1ml Macliinery 'Co.
Mod-m Industtles, Inc.

'allonnIlnduction Heating
Ohio MelnlllJlEical SeNice
Oregon Indl!Clioo Corp.
PeIlJl!l Flame IndU.5~ loc,
l'I:nru;ylvania Metallurgical
Revas Engioomng Co.
Specinlrty Heat TrcaIiJI8

Spccinlity Heat Treating
-G11HId Rapids

SpecialilY Hem Treating
-Hollnnd

Spccililly Heal ~ Inc.
-AIkns

SteelTreaters, Inc.
SY!!O!l!!t! Heat 'l'reaJ. Inc.

-DrIando
SlllICO:ISt Heal Treat, [no;;"

-Pillm Be!!cl! Garden
Surcoast Heat Treating

-'-:l'ompanoBeach
S~I Heall'rmting

-Tampa
Superior Metal Tte!!Iing
Syracu.~ Heal Treating
TIle Bowdil Co.
Thermo Electron Met!!!

Treating Div,
Thermo Tteaters WI.
Th!:rm- Tech "f Wauicsl1a
Westside f'Illme Hwdcning
WohlmCorp.

FBEEnuENCHING
AJ:,C-Pifco
ABS MmJ]wgicaI

I?rocessars
A.=u-ate Steel Treating
Alfred Heller Heal Treating
AlliIlllCe Metal t=tIDg
AP' Westmoo:
A~ FutnllllC,CD.
8enodiCl-Miller Inc.
BodycoleTheJmnJ

~ng~Fl Worth
Bodyeote TbermaI

Processing-l'Wsa
Braddock Metallurgical
Burbank Steel Treating Inc.
Cal-Doom Divisioo
Carolina. Commercial Heat

treating
Ca!crpilIar Ior.Ius!ri!!l

~fuc.
Certified Heal1Tealing 1rK;.
Cincinnati Gear Co.
Cmcinn.aI:i Sreet TreaIil1g Co.
City Steel l'realing Inc,
Commcn:inl Steel Treating
Detroil Steel Treating Co.
Diamond Heal Treating Co,
Easl Carolina Mctnl

Treating Inc.
Edwanls Heat TI"eaIing

~
IEhnira Heat Treating, Inc,
:JilogineeAd BellI Tft!!1,.1nc.
Euclid Heat l'reating
'!"airiield Mfg. CD'.
fenlon Heal Treating
FPM Hem Treating

-ElkGmv<!
FPM MjJw;rukee
Gibson Hees Treat loc,
.Hansm-Ball: Steel Treating
Heal Trem Corp. of

America -

Henl-l'rea!ing Inc.
HJndediICrtkaI, tdng Inc.

-Annbeim
Hirxleriila' Heat Trealing Inc.
-Tar=

Hi-1h:h Metallurgical Co.
-iHumn

Illiana Heal Treating Inc.
Indualm Mebl1ImIing Co.
Industrial Metal Treating
IndusInaI S!eeI.1Tea1ing Inc.
Ipsen lnlCttWiooal Inc.

-At~phere Products
Kownlsll:i, Hear Trearing Co.
Lake County S!eel 'fieating
La~ JndU5lries, Inc.
Li~ HcaI Trealing Co.

~1Iedin
l.lndberg Hear TreMing Co,

-'-:DaIIas
LiIIdIlerx Heal Tn:ab!!S Co.

--Eden li'roirie
~ Heal Trealing Co.

-Hous1Dn
Lindberg Heat Treating CD,

-Lansing,
l.l!dJerg Heat 1'reBting Co. ,

-Melrose Par\!;
Lindberg Heal Treating Go.

-RlIt:ioe
Lindberg Heat 'Treating Co.

-RanclJo Dommguez
Undbetg Heal Tttaling Co.

--Rosemont
Lindl\crg Heal ~ Co.

-Soloo
Lindbo!rg Heat 'lIeaJ:iog Co.

L l.oul:s
l.i.odbcrg Heal Tn:nting Co.

-l'Wsa
LL~ Heal1Teating Co,

-Wom.'Sler
Merit Gear Heat Treating
MeL\lI Trealinglnc.
Me!alJlII'gicallrK;.
Metals ThdmoIOgy CDql.
Metb!b

Met-Tek 1rK;,-RooiQe
Mid-West Flame Hardening
NaIIm!Ii Iko!!d! &: 1adD

auonnl lnducuoo Heating
Nel1leton Steel Treating
Ohio Metallurgical Service
P &: L Heal Treating &:

Grinding
Paulo Products Co.

_ !..oYis
Phoenix. Heal Treating Inc.
Pitt-Tex Inc.
Progressive S!!:el ~ling
ROOIlion P:roduds Corp.
5.K.S. Hea!li:eating Inc.
Sco!~
Soeee Heal. Treating Corp.
Specinlty Steel Treating 'Inc,

mning!OO Hills
Specialty Steel Treating Inc,

---fIlIser
Stare Heat Treat Inc.
SU!JCOiL.'<I Heat Treating

....,Pompano Beach
Superior MetaI Treating
S)'I"1ICuseHeat Treating
T. N. Woodwonh Inc.
Thermo Electron Metal

TrcalingOiv.
Treat All Me1als
Wohlert Cexp.

Fla!l'!e Metals Processing
fox Steel Treating CD.
!'PM Heal Treating

-Elk. Grove
:I'PM: Ipsen Heal. Treating
!'PM Milwaukee
Franklin Steel Treating
GmernlI-k<Il1tea!ing Corp.
GeneraJ Metal Heat

Treating Inc.
Gibson Hent Treat Inc.
Hansen-Balk Stecl Treatlng
Hnuni Richmond Inc,
Heal l'W!I Corp. of

AmeMca
Heal· Treating loc.
Hinderliter Heal Th!a!ing Inc.

-Thl'iBI
Hi-Tech Steel Treating Inc.
Ifj·TceMebi Group

Corporate HQ
Horoburgh. & ScoII
Hudnpeck Metnl Treating

-Elkhorn
HW'OII
miana Heat Treating Inc.
bxIoo!ioo Metnl 'I'reating Co.
lndustriul Metal Tre~tin!l
looLlStriaJ Steel Treating Inc.
Ipsen InlcrnatiooalInc.

-A~ PrtxIuc!!
lpsen International Inc.

-Vacuum Products
Irwin lLlO!!!!!tiO!! Inc.
Jaseo Heal Treating Inc,
Jolin V. Potero Co.
Kowu.Iili Heal Treating Co.
l..iniIlxrg Heal Treating Co.

-Umsing
,Lindberg Heal Treating 0,

-Melrose Park -
Lindberg Heat Treating Co.

-Rose:moru
Magnum Metal 'Healing,
Merit G= Heal1Teating
M"taIlmprovemenl Co,.loc,

-Columbus
MeW T~g &: Research
MCI.Illlurglcnl. Inc,
MeIaIlurgicnl Processing Inc.
Metnls Engineering Inc.
Mewls ThclmoJogy Corp.
M.cllab

~~~et~~a:~I
Mel-Tel< Inc,-Racine
Mid· West Flame Hardening
Midwestern Macl!inery Co.
Modem Indust:ries, Inc.
Modem Steel Treating

.. mmd't&: MaoI.IlIne
'0akIm>d Metal Treating Co.
Ohio Metallurgical Service
Oregon Iodueaoo Corp.
Paulo Products Co.

---:Bessemer
Pawo ProdYCIS Co.

-'-:Nashyj]]e
Paulo Products Co.

t, Louis
Pennsylvania MetnlJuq;ical
Phoenix Heat Treatieg 1m;.
PiIl·lC>. Inc,
Progre sive SIl:eI Treating
Racine Heat Treating Co.
Rou!I.ioo, Products Corp,
S.K.S, Heal Treating IDe.
Sooee lio:a! T=tin.& Gorp,
Soutlleastem Heat Treating
Speciality Heat Treating

-EJkhmt
Spedality Heal Treating

-Grillld Rapids
Speciality Heal TreaImg
--Holland

Speciahy Steel Treating Inc.
-F!!mlin.g!O!l Hills

SpeciallY Steel Treating Inc,
-Fraser

SWI!,)OaSI Heal'l'reaJ. Inc,
-Orlando

QS~9000Registered
ISO-9000IIRegistered
A2LA Laboratory (mech'l &, cham ..FIlAI

HOJ OIL IIlUENCHING
AF.C.-Pifco'
Abboil Fumaee Company
A.BS MetallUIJlical

Processors
AdV'~ Heal Treat CoIp.

-WarerIooIBurton
Ad\'W'iCod Metnllurgical

Technology, Inc.
Advanced Thermal

Tecltnologies, Inc.
AleoHeat Treating Corp.
Alpha Heat 'I'reat=
AmI:ri!:a!l Heal Trea.J:iog
AlItlOSphere A.nnenlillg Inc.
Atmosphere Furnace Co.
Beehive Hear Trealing Inc.
s-o Heall'reating &

Brazing Co,
BodyCOle Thermal

Proces._ing-Omloo
Bodyeeee Thennal

Prncessing--F!. WOfIh
BodyCOlC TheIll!1!l

Proces.\;l\g-Thlsa
BomakCorp.
Burbank Sll:el Tte!!ung Inc.
QuoliM Ccmmerclal Heal

Treating
CcnMy SWI MeIlII1'rcaling
Certified Heat l'reating Inc.
Certified MCI.i!ICrafl, Inc.
Cineinrnlti Gear Co.
Cincimnl:i St<eI T=ling Co.
Cily Steel Treating Inc:
Clearing Niagara
Cleveland. Flaroe Hlll'dcning
Commercial Steel Treating
CUSIOOl Heat1Teatil1g Co.
:DeIroil Steel Treatin Co.
Diss!oo, Precision me.
IliA;" Machine & Heal

Treating Inc.
Dm<er Heat Treau.1I&
Easl Carolina Metnl

Treating 1rK;.
!".clcl!1Heal TreaJ
Elmim Heal Treating. Inc.
.Englneend Ik!!t 'fual, Inc.
Erie: SIee! Treating loc.
Euclid. Heat Treating
Eair/kld Mfg, Co.
Feder.!! Machine Co,
fcinbllmking Ltd..
f'eoton Heal TIeIlJing

ICOMES

AFTER THE NET 'FOIRGI G I

• MACHININ:G
• BROACHING
• HEAT liREATING
• MIETALLURGICAL TESTING
• HlONING
• HIAIRlIDTURNIING
• CO~ENGIIN!E:EIRIING
• PROCiESS CUSTOMIZ,ING
• COST TECHNOLOGY

75,MILLION GEARS; STIRONG
LARGEST CONlTA'ACT PROVIDER.

OF NEi FORGED GEAR
FINliSHI~NG PROCESSES

eONTACT MODE:RiNI FOR THE
COMPLETE IPACKA'GE

MO:DERN I,NIDUSTRIES.INIC.
PHONlE: 800-952-4516

00...2301
814-453-4382FAX:

E-MAil:
WEB:
POSTAL:

dave'l@mi-lerie.com
www.mi-erie.com
P.O, Bo.x 399
6113W. rlth Strleet
Erie. PA H;512

ATTEN,TION
GEAR MANUFACTURERS!

This space could be yours in our
Directory of Gear Manufacturers

May/June 2000

Call Patricia Aa.. for details
(147) 437..ai04

http://www.mi-erie.com


_----------HEATTREATIING SERVICES: DlRECTORV _
ffiS-An Indudolberm

Industries Co., Inc.
Illisna Heal Treatillg Inc.
Impact Strll1egies, Inc.
Induction Heat Treating
lIxluctioo Melal TrealirJg Co.
Induction Services Inc.
lDdu.ctohell., Inc,
Industrial Metal Treating
Industrial Steel Treating Co.
International Induction Inc.
Iroobound Heal Treating
Jasco HeatTreating Inc.
John V: Potero Co.
Lawrence lndustries, Inc.
LindIJeIg Heat Treating CO.

IINDUCTIONI --":Melrose Park
IIfARD.ENING Lindberg Heat Treating Co.
Advanced Heat Trear Corp. -Racine

-WateriOO/BurtoD. Lindberg Heat Treating Co.
Ajax MagneIhemIic Corp. -Rosemont
Aloo Heal Treating. Corp. l.indberg Heal Treating Co.
Alpha Heal Treaters -SL Louis
AInorl:an MetaI Thla&!g (h Lindberg Heal Treating Co.
American MeUlI Treating Inc. - 'Iulsn
Beehive Heal T-reating Inc. Mannings U.S.A.
Benedict-Miller Inc. Master Heal TreanngInc,
Bennen Heal Treating & Merit Gear Heal1'reatillg

, Bmzing Co. Metallmprovermnt Co., Inc.
, Bodycote Induction =Columbus

Processing Metal Improvement. Co., Inc.
Bodyoote Thennal --":Emigsville

Processing-e-Caruon Metal Processing 'Co.
Bodycote Thermal Metal Treaters Inc.

Processing-FI. Worth Metal Treating & Research
Bodycote Thermal Metal Treating Inc.

Processing- Tulsa ,Metallurgical Inc.
Braddock Metallurgical Metals Engineering Inc.
Carolina Commercial Heal Metals Tecboology Corp.

Treating MetLab
Caterpillar Industrial Met-Tek lnc.e-Clackamas

Products Inc. Mct.-1'ek Inc.-Racine
Central Kenlllcky M.ichigan Induction Inc.

Processing, Inc. Midland Metal Treating, Inc.
CenlWy SU_1lMetal1'reating Modem Industries, Inc.
Certified Heat Treatiog inc. Molon Gear & Shaft
Chicago Induction Metal Nationa.lInductioo Heating

Treating Corp. National Metal Processing
Cincinnati GcarCo. 0 & W Heal Treal 'Inc.
Cincinrnlti Steel Treating Ohio Metallurgical Service
Clearing Niagara Oregon Induction Corp.
Coleman ColJllIlelci'll Heal Paulo Products Co.

Treating -1<a1L<as City
Cammerc.ial loouction Paulo PmdiJcl5 Co.
Contour Hardening Inc, --":Memphis
Delavan Steel Treating Paulo Products Co.
OWe Machine & Heat --":Nashville

1'reating Inc. Paulo Product'! Co.
Drever Heal Treating ---'SL Louis
East Caroliru! Metal Pennsylvania Metallurgjcal!

Treating lee, Pitl-Tex Inc.
Edwards Heal Treating Precision Heat Treating

Service Racine Heal Treating Co.
EIminI Heal Treating, Inc. Revas EngLneeri:ng Co.
Euclid Heal Treating Roboduction Tbennal
Fairfield MJg. Co. Processing
Federal Machine Co. Rochester Steel Treating
Flame Metals Processing Works, Inc,
Fluxrrol Manufacturing Inc. S.KS. Heat 1'realing Inc.
Franklin Steel Treating Southeastern Heal Treating
Gear Company of America Spec.iality Heal Treat; ng
General Heal Treating Corp. -Elkhart
Gibson Heat 1'real Inc. Specialiry Heal TIl'a!i!J.g
Good Earth Tools, Inc. ---{Jr.md Rapids
H & S Heal Treanng Speciality Heal Treating
Hauni Richmond Inc. -Holland
Heal Treat Corp. of State Heal Treat Inc.

America Steel Treaters. Inc.
Heat-Treating Inc. Steel. Treating
Hindedilet Heal1'reaIing "l'nc. Sunooast Heat Treet, Inc.

-An3helm -!'-dIm Beach GMdens
Hlno:bliter Heal1'realing Inc. Suneoast Heal Treating

~ ThIS<! --Pompano Beach -
Hi-Tech Steel TrealiJjg Inc. SlIDCOO....<;\Heal Treating
Hi-1'ecMetal Group -Thmpa

Cotpm""d!l!HQ Superior Metal Treating
Horizon Stecl1'reating. Inc. I Syracuse Heat Treating
HTG !M!-York i Thermal Bmze .Inc.
HTG Metal Methods
Hudapack Metal Treating

-Elkhorn

Suncoast Heal Treat, Inc,
--":1'aIn! Beach Gatdeos

Suncoast Heal Treating
-Pompano Beach

Tberm Tech afWaukesha
, Themro 7re1l1el"!l Ud.

Tracteeh Inc.
, T real All Metals

Washington Metallutgical
Services

Weiss Induslries, Inc.

40 GSAR TECIiNO~OGY

'Thermal Metal Treating
Tbermet Inc.
Thermo Electron Metal

Treating Div.
Tocco, Inc.
WasJUn,gtoo MelaHUlgical

Services
Weiductloo Corp.
WeslS.ideFlume Hardening
WobleJt COJP,
Zion Industries, Inc.

ION IMPlANIADON
looex, Inc.

ION NlTRIIIING
Al1wmw [on ~
AdV!!!!Oed Heat 'D"eat Corp.

-Monroe
Advaooed Heal Treat 'Cap.

-Wll.ledoolMidpon.
Ad:vanced Metallurgical

Technology, Inc, -
AMi-Monroe, Inc.
Century Sun Metal

Trea!iI!g
Cincinnati Gear Co.
Fox Steel Treating Co.
FPM Heat Treating

-Elk Grove .
FPM .Ipsen Heat Treating
Hansen-Balk Steel

Treating
Hanni Richmond Inc.
Ili-TecMetal Group

COI"JlO!1\le HQ
Hydro-Vac
Ionex, Inc.
Ipsen Ieteruadonal Inc,

""':Vacu.wn Produm
KowaWd Hear Treating Co.
Lindberg Heat TreaIi.l]gCo.

-Rosemom -
Lindberg Heal Treating Co, I

---Sturte>'lIIlt
MlIgILumMetal TreaJing
Modem tndustries, hie.
MPTAmerica
Npti..m nm.m & M.ao::hirE
Progressive ElJgineeting
Sol"" A1Jt:lospIteRsl:oc.
Sollee Heat TreatiI\8 Corp.
Sun Steel Treating Inc,

LASER IHARDENING
Cincinnati Gear Co.
Laser Applications, lnc,
Laser MaciIining, Inc.
National Metal. Processing
Weiss Industries Inc,

MEJ'ALL.!:JRGlCAL
ImIttG
Ali:iiiiiil Loo "Ib.i!ooIogirs
Advanced Heal neat Carp.

=-Monroe
Ad~ Heal TreatCap.

-WalerloolBurtOll
AdVllllOed HealTh:al ,ec.p.

-WaretloolMidplrt
Advanced Heal TrC.ating
Adv!lllCed TI.>ennal -

Tecimologies, Inc.
AjaxI'l~(;QqL
A1fe Heal Treating

Alfred Heller Heal Treating
Alliance Metal Treating
Alpha. Heal Treaters
Arra-kml MOOII1'realing!nc.
Benedict-Miller Inc.
Be-llnell Heal Treating &

Bmzing Co.
Bodycote Thermal

Processing=Canton
Bodycote Thermal

Processing-Ft. Wooh
Burbank Steel Treating
Cenlwy Sun Metal

Treating
Ce.rtified Metal Cr-at'l:,Inc.
Cincinnati Steel Treating
Delavan Steel Treating
OWe Heal Trealin.g
Dynamic Metal1'reallng
East-Lind Heal. Trent
EIminI Heat Treating, Inc.
I?nginemd EIfaI. TrI!aI; Inr..
Erie Sleel Treatinlllnc.
Euclid Heal Ttwi-.ng
Flame Metals Processing
General Heat Treating
General Metal Hear

1'reaung Inc.
Gleason Pfauter Borth

Cutting Tools
Haunl Richmond lnc,
Hj~Tech Metallwgi.cal Co.
Hi-1'ecMetal Group

Corporate HQ
H~&ScooCo.
.H:I'G Aerobraze
Hl'GJMT- York
H~Metal

1'reatiDg-Elkhom
Huroo
Impact Strategies, Inc.
Industrial Steel 'I'rea!iI1g Co.
ImusIrial StreI Treating Inc.
Ipsen laremational Inc.

-Vacuum Products
Ironbound Heat Treetlng
Irwin Autotnau.on Inc.
Jaseo Heal Treating Inc,
Kowalski Heat Treating
Ll!sel' Machining, fne,
Lindberg Heal Treating Co.

- _ochestel'
Merit Gear Heal1'reating
Me1aI ~Co.1oc.

-Wichlta
Melli!. 1m~I.Co., hx:.

-Columbus
MetalImpuveIIx:rn Co., Ioc.

-Emigs'<lillc
Metal Treating Inc.
MetalJurgicallnc.
Metal.s Technology Corp,
Mcllab
Mel-Tek Inc.---Clacknmas
Michigan Induction Inc.
Midlll!!d Metal1'reatlng
Modem Steel Treating
o & WHeat. Treat Ioc,
Oregon InducliO!l Corp.
Paulo Products Co.

=-Nashville
Paulo Products Co.

---'Sl Louis
Pennsylvania MetalJurgical
Phoonix Heal. Treaiing Inc.
Pitt-Tex Inc.
Progressive Steel Treati.ng
Racine Heal Treating Co.
Richter Presiaion Inc.
R.O!alionProducts Cap.
SORee· Heat Treung Corp.
Speciality Heal Treating

~El...kb.art
Speciality Heat Treanng

-Gmnd Rapids
Speciulity Heal. Treating

---":Holland
Spe.::IDJ.ty Steel Tre.ati!!g Inc.

_Fannington Hills
Specilllty Steell'reating Inc.

-'Fraser

lonex. Inc,
Ipsen International hx:.

-A~ Product.,
Ipsen fnternatlonal Inc.

-Vacuum Products
I .Iro<tboood Heat Tre.aCing

JIISCO Heal1'teaI;ing Inc.
lCS Engineering &

Developmenl-Coq>.
Kowalski Heal Treating Co.
Lake County Steel Treating
Lindberg Hem Treating. Co.

-Houslon
Lindberg Heat Treating Co.

-Melrose I"atk
Lindberg Heal Treating Co.

-Racine
Lindbe'll tleal Treating Co.

INIlBIDlNG -Rancho Dominguez
A.RC.-Pi:foo Lindberg Heat Treating Co.
Abbott Furnace Company -Rosemont
Ac=e Steel Treating Lindberg Heat Treating Co.
Albany Metal.1'rutin~ -Solon
Aloo Heat Treating Corp. Lindberg Heat TreaIi..ngCo.
Alfred Heller Heat Treating ---'SL Louis
American Metal. 'Il"ea!ing Inc. Lindberg Heal Treating Co.
AlmOSpbere Furnace Co. -Tulsa
&nneII Heal Ttealing & Lindberg Heal Treating Co.

BraziugCo. -Worceslcr
Bodyoote Thermal MeritGear Heal Treating

Processing-Canton MetallurgicaJ loc,
Bodycole'Ibeml!ll Metals Techn.ology 'Corp.

Processing-FL Wortb MetalrTee Heat 1'reuJing
Bodycote ThennaI Metl:ib

Processing-Tulsa Metro Steel Treating
Bmddock Meudlurgical Modern lodusbies..lnc.
Burbank Steel "IreaIlllg Inc. Nitrex. Me!l!l1'ecbnologies
Cal-Doom Division -Budin.gtoo
Caterpillar IndY:.lriOll Nitre:XMetal. Technologies

Produclslnc. -Mason
Century Sun Metal Nitrex Metal.Technologies

Treating L Laurent
Cincinnati Gelu- Co. Nitron Inc.
Cincinnati Steel1'reu.ting itro- Vac Heal Treating
Cil)" Sleel Treating Inc. 0 & W Heal Treat Inc.
Commercial Steel Treating Oregon Induction Corp.
Custom Heal Treating Co. P & L Heal 'Ifealing &
Drever Heat. Ttea..ting Grinding.
Dynamic Mctall'realing Paulo Products Co.
East Carolina Metal t, Louis

Treating Inc, Peters' Heal Treating Inc.
Elmira Heal Treating . Inc. Precision Hca! Treating
~ lleul Tnm, Inc. RO!:hester Steel Treating
Erie Steel Treating Inc, ! WO£ks" Inc. -
Euclid Heat Treating i .ROIlIIion Products Cap.
Fairfield Mfg. Co. ' Scot forge
Fe!!lon Heat 1'\wling ,Shore Metal Technology
Fox Sleel. Treating Co. Speciality Heal Treating
!'PM Heal Treating -EIkbrut

-ELk Grove Speciality Hea; -rteatlng
FPM Ipsen H.eat Treating -Grand Rapids
!'PM Milwaukee Speciality Heal Treating
General Metal Heal -Holland

Treating Inc. SpociaIty Steel TIea!inglDc.
Gibson Heal Treai lnc, -FllIlTlingtoo Hills
Gleason PillUter HuI'Ih Speciall)! Sleel Treating In::.

Cutting Tools -Fraser
Grand Rapids Comrnercial Stecl Treaters, Inc.
Heal Treating Co" Inc, Sun Steel Trenting Inc.
H & M Metal Processing. SuncoaslHeal 1'rea!. Inc.
Hansen-Balk Steel ---Oriando

Treating Suncoast HcatTreat, Inc.
flin!hfileT Heal. ~g Irx:. -I"alm Beach GanIen.

-Anaheim Sunooast Heal Treating
HiIxb"lireI: HeIlI. TreOOng tIC. -Pomp;mo Beach

=-Dnlles Suneoast Heal Treating
HinOOdilet Heal Th:ar.i.ng Inc. -Tampa

-Tarzana SylaCuse Heal Treating
Hindilrliter Heat Trearing Ioc, T. N. Woodwonh Inc.

-Thlsa Therm-Tech ofWauI=ba
Hi-Tech Steel Treating Inc, 1=1 A1I Me!aIs
Hi-ThcMelal Group Trutec Industries

Corporate HQ Universal Heat Treating
HTO IMT- YOlk Walker Heat T"rea....ting
Hndapack Me.1aITi"e.ating Wear-Ev","Swface

-Elkhorn II-eating Corp.
Illiana Heal Treating Inc.
Impact Strategies, Inc.
Induction Metal1'reating
IndllStrial Metal1'reating
.1DdustriaI Steell'reating

Sl!!1Steel Treatlng Inc.
S)'I"!ICl!SeHeal Treating
Tbermal Metal Tn:ating Inc..
Thermal Treatment Center
Therm-Tech of Wauke.~h.
1'rIIctecb Inc.
Treal. AU MeIllIs
Universal Heat Treating
Washington Me!llJlurgicall

Services
Weiss Industries Inc.
Welductioo 'Corp.
We»tside flame Hardening
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INIJIBIlCARBIlRIlINGI
A:F.C.·P!fco
AbIloIJ f'1lmlICe Campmy
Ac:cWB.I:C Steel Tn:ating
AdVl!l1ted lkal1Jea! Corp.
-w, JdIoo1Bufloo

Alco Heat Treating Corp.
AImd, Iklkr fi,- T-tellinll
Alliance Meml1'mII:ing
Am:ric8o MeIDl Tn:IIIir!g:1nc.
A~ R!mI!.1e ~
Ilencd]Cf -i{i\k7 lee,
Ba:IycoIl: ThmnaI
~

1kidyooIe~
:Pm=sing-Fl Wixth

~Thr:mIaI
J>rnccssin ~

Carolirul COO!!I'ErcillI Hem
T~ting

Ccruwy Sun Memll1reating
I Cincinnali Clear ~

Ci.ncLII!l!!!l S!eel Treating
Cit}' Steel Treating [nc_
Commercial Steel Th:aling
Dixie Heal1'renl:ing
Dymmi.:: MeIl!I1m!!i!!& Inc.
~Fk!!l~ Inc.
Brie Stecl1'rellting Inc.
Eui::1id Heul1iea1ing
F!!i!flcld Mfg. Co.
f'Imne temls Proocssillg
Fox SIl!d Tmaung Co.
FPMH-- TtellWl!

"":EIkGrtm
fPM ,[p5CtIlkal1'reali.ng
!'PM MilliVlWk=
Gear C~y of Am:riCII.
Hauni Riduoond Inc.
HirIdcddcr Ht.a! Tlca!inB Inc.

-Anahrim
Hindi:rtiIi:r IkIl TI'CIIin& Inc.

-Tarzana
Hl!lderLiIer Ht.a! ~ Inc.

-1\11
Jij·Th;h- teel1iuting Inc.
Hi·Tec:Me!!!I Oro!!p

Coqxlnm:HQ
Horizon SleCII1reating, Inc.
HTG '. opper Bruin!

Induslrles
HTG IMJ'-Yon:
Hl.IdlIpo!:k.M&I Trealing

filllUlll Heal Trea.ting Inc.
~ StraJqi • Inc.
Indudion Met!!l1'm!ting Co.
I!lduslrlal Steel Th:aling
Ip:=, lnlcrnatilltllll lnc.

-Aunosrme I'mduc!s
IpsI!1I,lnlmlnti.onal lnc.

-Varuurn PmdUCIS
IrnIIbou!!d Htl!! Tn:a!in
Lindberg H I. Treating Co_

-OaII
t.indtq Heal Treo!ingCo.

--Ede'o Pmlrie
Undbct:g Heal l'rcimng ~

-HouslQII
I LindheI& Heal Treating Co.
I~. Hea!~Co.

, lm;c ParlI
I..m!h:IJ fkII T!eati. Co.

-RaClnc
ludx:rg Hell "li=Iing Co.

-Rmd!a~
Undbag t-kaI ~ Co.

--R.ocI:II51a-
L.uJo:lbecg H Tr-cating Co.

--Rl:!sc:rnoot
~1kaI~Co.

--&Ibn
L.mdbeIg Hell! TIe!I.Iing· o.

L Louis
Lindberg He!lIITrwiog Co.

-1'U1li
L.i.ndllC'rg Heal 'fIealin 'Co.

- Woo::ester
Metals 1l:dmo'log)' Corp.
Metal-Th; HCIIITh:ming

Mellab
Mt!ro Steel T-n:atir\g
Moden! ~ l.tIC.

ill1!x Melal Technologies
-Burlington

N'IIIU Me!l!lIT'~.1
-SI. I..aurmI

NilrOll:C Sw1iIce
~...ic:hi-PD

.itrcII:c Swfaa:
EcginrIcring--Obio

Paulo I'"roduas Co.
-~

1'I0Io .1'rocIocb Co.
- City

PauIo~Co.
-Merqphi5

Paulo, Products <:G.
ashviIk

:Pau]o Pmdocu Co.
-Sl Louis

IPmrs' HealLluting Inc.
11hoeni:x. HeIIl TreaIin.8 Inc.
Roc~i!I' S_1 'I're:l!l.ng

Wooks.lnc.
:Rotntioo PmdUClS Cap.
SIIoo: Melal Technology
Specialil}' Heal 'l'!uting

-E11dw!
SJXciali'Y Heal Th:ating

-Gr.!!ld Rapid!
S:pedaIiI)' Hem "Uu!i!!g

-Hdlland
Spccialty Hal. Treating Inc_

-Alhefts
SIJIlCOISt Hear TlClIIing

~Bcai::b
S~ Hell Trea!in_
1bcrm Tccb of Waukesha
Tn:aI All Me!l!ls
l'JWC lr!dt!suie:;

Al'.c.-PiIco
Abbot! FIlI:MCC Comp!!!!Y
ABS Metallurgicall
~

A.c!:unIe Steell Trcabn8
Ad\"lIICd Heal T~ Corp_

-W~l!m!II
Ad'<lllIlCed MetaIlW'fllcal

T..:!molOgy. Inc.:
Advanced 1'bermIIJ1

ThcImclogi.es. Inc.
AJu~OXp.
J\Jba!1.y Me!!!l T:~ng
Aleo Heat 'fu:ating Corp.
Alfc Hea. T=Iing
...fred Heller I-k<!! TIellting

AlliIlllCl! Metal, Treating
AlpbJI Heal 'Ii:entm .
American Heat Treating
.Ammcan: Mdnll'tmmg lR:.
Atroospilere Annealing Inc.
A~ F!!!'!!IOeCo.
BcdUve Heal ~ Inc.
Bcncdia- fiIIc:r Inc.
Iknneo H~ T:lClIIing

BI8ZicgGo.
BodycoIe 1'bemIIl

I'rocessing--Carlloo
Bodyaole ThamaI

Pnx=ing-FI. Worth
BodycoIe 1b£rmaI

.1'I'ooessing-1'IlIsIi
Barnak. Corp.
BI"IIIlIIcck Metal.lurgical
BrIddock Metal.lurgical

-Alabamai
BllIZiDg '" Me!al1'ialing

--Cleveland
.Brazing &. Melal T~1IDg

-Kc!!!!!Cky
Blll2iog &. Metal TR:a!iTIj

-Minnc.SO!&
Brite Smziog
80wdil Co.

Burbank Sleel Treating
Cal-Do!!!!! Division
C4!u1ina COIl!!!;m;ialHe.aL

Treating
~ Industrial

P!od~
CerIIuty Suo M&I1k:ating
CdlifJcd Heal. rre.mg .Inc.
Ce:rut1ed Metal Craft. Inc.
Cincinnnli Flame

Hardctti.ng Co.
Ci!!ci!!!w! ~ Co.
Clnc1IlDl1li SIl!d 1'MIing
Cily S!CCITn:aIing Inc..
Cbrin......J~
Coleman O::mmettial

HeaI."Imuing
Comm!:r;;W SWeI. T=ting
Cuslom, fleal. Treating ,Co.
lklavnn Steel TreaIiIig
lklphi .Engi.ncering
DeIrOiI S!CCITreating Co.
DJamond Hear 'lha!i!!g
D.isslOll Precision Inc.
Dixie Hent Treating Co.
Dixie Machine &. Heal

Trea.!i!!g Inc.
.~ Heat 1'teati!lg
Dynomic Metal Treating
EIw Carolina MetnI

Tmating hie.
EasI~li[1I1Heal Treat
,Eckel Heal. IlteaI
Ed'W1!!'d5 Hw Tmwng

Service
ElrninI Heal. T=bng. Inc.
~U.n..k
E.n!: Sleel Treatmg!nc.

Eudu:llHeas Treating
Fairfield Mig. Co.
'Federal M:OChine Co.
'Fcinblanking Ltd.
I"cnloo Heal T"ru!i!!g
'Flame Ml:!als I'rocessinll
:Fox Steel T=Iing CD.
FPM Heat Treating

-ElkGl'm'e
:FPM Ipsen Heat Treating
,FPMMiI"Io'fiIIJkce
F'rankJin SICel TIe!l.ting
G= Corqpany of America
General Heat Treating
General Me!l!l Heal

l're!!!lng Inc,
Gco. H .: I'bnu Steel

Treating Co.
Gib9:!n IkaI Treat Inc.
Gnmd Rapids Commercial
Heal Tteating Co .. Inc.
H &. S Heal Th:ating
Hansen-Balk Steel -

TreatiIlg
Hauni Rkhmond :[nc.
Heal Treat Corp. of

AmeriaI
Heal Trea.Ji!lg Services
Heat-Trealinlllnc.
I-litmIiler Heat lm!!ing ~
-~

~.1:-IeaI Tf=Iing Inc.
_O!!lli!s

Kumti1er I-bI: Thmng \Ix:.
- TJI[Z.WlII,

~1tiI~me.
-Tulsa.

Hi- TcdJ Aero
Hi--Ted! S!cel Ttea!ing ~
Hi,-TccMetal Gtwp .

'Corporale HQ .
Hoozoo. Slld T~g. In!:,
I-b-sbIQi &. Scoa en
I-fi'OA~
I-fI'G IMf-Dunam
HTO IMT-\'or...k
HTG Metal Melbods
Hlldapack Metal Trealil1g

-Elkhorn
Hudapack Mew Treating

-Glendale Heights
HIIIOO
My-Vii!: Technologies Int.

IIlil!m! Hel!I1kaJ.i.ng Inc.
IDductiQll Met!!! 'Il'e!!tLng
IDdu Ilial MelaITh:ating
IodusIrial Surl1md.ing 1'Dc.
Ipsen IntcIl"l!!tiooW Inc.

-Atmosphere 1'rOOlJC[S,
Ipsen !nJcrnaJ:iooal Inc.

- V!!cuYm Produw
IIDnbound Heal 'l'mllin
Irwin UllHIIlllioo Inc.
J:aseo Hea:t T~s Inc.
John V. Pruro Co.
Ko.wISki ItiITh:aI.ing Co.
Lake Cour!Iy S!CCI1teaIiI!g
I..BwrenI:£ ~ Inc.
LiIxIbo:rE Heat Th:ating Co.

-Berlin
~~~Co.

-OnU811
!lindberg .1:kaI Trealing Co.

--Ede'n Prairie
lindbe!J! Heal Tteruing Co.

-Hou~ton
LindbeQ! Heal Treating Co.

-Melrose Puck
Lindbe!g Heal Th:aJ.ing Co.

-:Raci.ne
L.i:ndberg Hcal1'renting Co.

-Rancho Dominguez
U!ldIxrg Heal1m!!ing Co.

-Rosemont
Undberg I-lca& TrI:OOr\g Co.

-&Ion
linIb:rg I'kaI 'freIIIi!1I Co.

-SL I..ooi!i
Li!d:Je!g Heal T~ Co.

-Thlsa.
Lindberg IkaIi TreaIi!\g Co.

-Wortes1.er
M & M Hen Th:a,
Magrunn Mi:IllI Trealing
Mas!cr Hell! Treating Inc.
Merit Gear Hwil'ealing
Mdal ~Co..lr.:.

-Wichita
Mdal ~Co..Inc.

--Coh:unlw
Me!aI ~ ce, In:.

-:Emirsvi.Lk
Metal1rea.!= Inc.
Metal Treating, Research
Metal ImIllDg Inc.
Metal!~icall!!c.
MctallurgJcal I'roci: Ing
Metals E.nginecring Inc.
Mel:;ll...l.Techoology Corp.
Mellab
MelJO Steel Treating
Mel-Te Inc.-Clackl!!m!:.
Met-TeI<.lnc.----Racine
Midl;md Mellll11renting,
Moden! IDd\!Strb, Inc.
Modem StcelTrenting
Mounmin Metallurgical
N!IIbl!!I B!'!II!h & Madb ,
National Mellll Proo::essing.

etti.'elOO Stee.l-r:-rea.!Jl!g
111'0-Vac Heal TrentLnl!

·oakIandI Metal 'Il"eatm -
Ohio M~urgiC!!l Servia:
Oregoo Inductioo Corp"
P &. L Heal TreaIing

Ori!!din .
.J>and( I...abomtIlries Inc.
,Paulo f'roducc;s ~

-----Bes.semi!t
.AwIo Pmducl!l Co.

-Kansas Cil)'
Paulo~Co .

---Mernphis
Paulo P!odUClS Co.

-NaShville
Paulo Produds Co.

-Sl.Louis
Pennsyl"ll1liR Metallurgical '
'Peter..' Heal~n.g lnc .
Phoenix Heal Treating Inc.
Pi..!l-TeI\ Inc.
Precision Heat Th:o.ting
I'rog=sh'e Steel T"reaUng
Racine He!lII'lhalinS Co.

Rochester Steel T:reaUng
Works-Ioc. -

Roollion Products Corp,
S.K.S. Heal Treating Inc.
S!XlI Forge
Share Mellll1l:choology

I Sooee Heal. T=Iing Corp.
Sa.nhell.~t=, 'I-J'ea!1'reating
SpccinIiL)' ,Heal Th:ating -
~

Speciality Hea. T~II
--Gnind RJqlIds

SpcciAl.iL)' HCaI.1KaIing
"":I-'IOIland

SpecinlIy I'-kaITmU1g Inc_
-Alhcns

Pf.C!II. S!ceI1h:a!i!!g Inc.
-Fanningtoo Kills

SpecWI)' SIl:cI Ti'caIlng Inc.
. r

SU!!c Hcal Th:!!Ilru:.
Steel Trent=, Inc.
Sun Steel Tn:ntiog Inc.
Sl!I!.C~! Heat Treat, Inc.

-Orll!!!do
Sun~O!ISIHQaI Th:aI, Inc.

-PIIlm Beech Gardens
SIIIKlD!L.o;t I,leal Treating

mpanoBea.;h
Suneoast Heal Treating

-Thmpa
. uperior Met!!! i."rea!inll
S}'J'IICUlIC IHeaI Tlmling
T. N. Woodworth Inc.
'IlxmIl!I Me!III r-ing In!;
TIlerrno Electron Metal,

Lluting 0;...
1b!:rnIo 'I'm!Im lui.
Tberm-Tech of WaUkesha.
TmclKb Inc.
1Iul All Ml:!aIs
TrojOl! Heat Trent Inc.
'Univen;;al :H'e-JlI. Treating
V!lc:uBIIIZe
Walker Heal Treatln
WaShingtoo Mellillurgical

ScMces
W£'i. 'Indl.mn IfIC.
Wc5lside FlQlllC Hnnleniog
Woblen Corp.

IMSMA ICMBUBI2]NGI
Cincinrlili Gear' e.
GlClIJlOOPfauter HUM.

Culting Tools
looe;o:, Inr:.
Ipsen International Inc,

-Vacuum Produas

PRESS: 'QUENOHING
A..F.C-Pirco
Alfred ,1k1lcr Heal Th:.iui:ng
A~ F=_ Co_ .
Benedi.d-MlJkr Inc.
8crux.11 Heal !luling &.

B~Co.
~ IIlIilsIriaI

Prod.uds Inc.
Cincinnatil Ge!ut Co.
Cmcinrwi Steel Treating
F}".--rdn.n.,k
Eudtd Hi T=ng
l'airlicld Mfg. Co,
Fr!!nldin Steel Trralin.g
Gibson. Hcal Ttea! Inc.
'GIeaso.!! Wo.rb.
1·Ie.aLTrelll Corp. of

America
HI· 'Thch McwllLllJ!lcaI Co.
ImpncI SI11Uegle~ Inc.
IOOu.1l'ia1Steel Th:mln
KowaWd Heal Treating Co.
U...ndberg Heal Tren.Ji.ng Co.

-Racine
Li!ldbcrg Heat ~lin Co. I

--Ros<:moot
Ml:WI.Iwgicallnc.
Me\lab
MDlIIIlain MeIAIlLIIg)CAI
Ohio M'eIaI.lwgical Sc:nia:
P!!!!lo ProdIlClS Co.

-Sl/...olili
PhoeniA Ibt T!'ClIImIInc.
:Robod!!aim ~

Proc=ing
SjxcialIy SIr:eI TIIlIIIirIg 1nI:.

~Iull
SpriaIty Sled TraiJng h:.

----f'ra.<;er

Tlw:tcch Inc.
Tr=Ii.I.IMeWs
Wasbingloo Melalh.qk&l

ServK-cs

Bodyeote Thermnl
Proce ..·ising----Camno

Bomal!: Corp.
Cal-Doran D.ivisian
CenJ\!l)' Sun Ml:!.aJ

Tteating
CincmnaIi Gear Co.

OIlIIl1CR:W Stec11l:u!in&
East-Lind Jkru TI-eaI
~.HmII~1nI:.
F1rune Me!l!ls f'rma:ssuI&
FoKSI£1!I.T~
FnmItIm Steel Treain.
H&'MMetaI~
to Th:M~ Group

-C1.evclJmd
Illiana Heul Treali.nl! Inc.
Inducuoo "'kl!!l TreatinB
Lake Coon!) Steel Tn:atlDg
Metal TrcErs Inc.
Mct·iek Inc.-CIK~

Jlro- Vile Heat TreaIIJIl!I
o &. W \-kaI·IIcalInc.
T=~
We:u-·E_ Sulfooe

Tn:ali.ng Corp.
Weiss Indu..<tries Inc.
WestSide F1rune I-brdming

SHBI pEENING
Alpha Hem Treaters
Bod)'COO:~

Processing-Qm1JJn
Coleman COI'III1"Iercial,Heal

TreaJing
I Elmim Heat il'ealing. Inc.
I ~Ha.!lTIaI,fiII:.

FI!!me Me!l!h ~
Gibson Heal, Treal Inc.
I-Icrizoo Sled Trcatina
Jasro Heal T~ Inc
Km.-nwl Heat Tn:aIin Co.
Undberg HCO!l. TrcM!!!B Co.

-Melrose Aut
MeIaI.~Co. ,In;.

M<!IaII ~ Co.Ini:.
-BhrAsh

IIkInJI hIpgo.'mICI'I Co., 1Ix:.
-Br;gnpoo

MeI!!I~.Co..InI:.
-CarIsladl.

MeIBI.~ Co.,In!;.
-Clmrlooc'

Metal. Improvernenl Co., Inc.
-Colwnbus

Metal Imjrovemcnl Co.. IDe.
-Grand f1miric

MaaJ.~ Cll.• Inc.
-Houston
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, M1:I3I~.CO~[nc.

""':Lynwood
, Mew! J:mprovemen! Co., IDe.

-Maple Grove
Mew!.·~ Co" Inc.

""':Miami
Metal ~ 'Co. Inc.

-Milwa~
MeIaIlmprovcmcnl Co" loc.

---I'boenix
Me131 ~Co.Inc.

-Romulus
Mctll ~Co" Inc.

---Santi! AIIlI
Mcw.l ImprovCfll(lIfI: Co" Inc,

-1'wins1:lllg
MetallJqllm_ 'Co.. I!!.::.

-Vemcm
, Melal ~'Co .• Inc.

-W!!kefield
Mebllmprovc!tl<!f1l Co .• Inc.

I
-Wellington

Mebllmprovemenl Co, Inc. I

-West Babylon ,
MeIaIln:tprovelJlCl1t Co., Inc. '

-Wmdsor
Paulo J>rodl!cts o.

""':MemcPhJ,
Superior Metal Treating
Syracuse Hcat Treating
Tr.K:~ Inc.
Westside Aamc Hardening,

SfN11ERlNG
A.F.C.-Pifco
Abboo Fumoo: Company
Allread~
AIrnospb= IPwnace Co.
Iknnett Heal 'l'reUJg &.

Brazing Co.
BOOyoore Thermal

Processing-Cantoo
Certified MeW emf!. Inc.
Cincinnati Gear Co.
Fluxnol Manufaduring Inc.
Hj!XIerlj"", Hew. Trealing Inc.

-Tanana
Hi-TecMetal Groop

Corpo;.!!eHQ
IITG Ae1'llbn!z.l!
Hydro-Va::
Hy-Vac Technologies Inc,
[!liana Hear T-rcating I!K:.

" Induction Metal Treatin,
looex, Inc.
Ipsen In!emationnJ Inc.

-AlltIOspherc Producl.S
Ipsenlnto:mntionalloc.

-Vacuum Products
Melllls Thchnology CQ.rp.
Paulo Products Co. .

--S~ loW.
:~ylvania Mrulllugical I

Prog;essive Steel Treating
Specialty Heal i'reating Inc.

-A1hem
Suncoasl He:d. Th:ating

-1'ompiIoo Beacb

STEAMI TREATING
AJ'.C.-Pifoo
Abbott Furnace Coopin)'
Attur.IIe [on ~
AdwJlccd Heal. T=tiDg
AtmfJSphen: FUIlIIICe Co.
Greason Pfautn H!!nb

CuUinj!: '1'ooIs
Hi-Tecb Sled Treating Inc.
ffi.TecMetal Ornup

Cot:pIlmtc HQ
Induslrial Melal Trei!Ling
Ipsen, International IJlc..

-Atl11Osphere Products
Mool!m.Industr:les,Inc.

42 GEAR TeCHNOlOGY

ettlClon Steel TteatiIlg
Solar AImos~ Inc,
SlID Sr""l Treuting Inc.
Symcuse Heal.1'reating

SIMlG!lTENIPlG
ABS MeIl!II!!!iical

Processors
A= Sled 1'reatiJll!
Alfe Hen 1feaUng
Alfred HeUer HOO! 1featiog
Am:ric;u) Metal TrcroiJjg lnc.
IkllllCn HestTreating &:

BmzingCo.
BodyCO!e Thermal

Processing~anloo
Bodycote Thermal

Processing~f'l. Worm
Badycore Thermal

Prooessing-1U\sll
Calumet Surface Hardening

e!!!ILl}' Sun MelalTre.ting
Certified Merol Cmfl, Inc.
Chicago Flame Hardening
Cincinnari Flarne

Hl!ld:ni:ng Co.
Cincimati Steel Treating
Clero:ingNiagllf;!
C.Ql11I1\CR:iallmtycUon
Detroi! Flwne Hardening
Detroil S!eel T-reating Co.
Dynamic Metal tTeating
&ooomy FlamI!

fbrdeni!I.,g. Inc.
Edw!lJd:s Heal 1l'mliog

Ser¥icc
Elmira Heat T:reating.!nc.
F.q:ftend.Ho!tII\ n.,Inc.
Ene Sl«ll'rroting Inc,
Euclid Hea! l'~ng
Flame Metals Processing
Fmnklin Sleel ~ati!1g
Gibson Heal Tl\;al Inc.
Gleason PfimlU Hmth

CutfIng TCIOI5
Grand ~ CammcrciaJ
Heat Treating Co., Inc,
Hi-Tech Steel Ti1:ating Inc,
Hi-TecMetal Group

Corporate HQ
Horizon Steel Trea:!iIIg. Inc.
Hon;bwgh &: ScoII Co..
Houston Agme Hardening
Hudapaclt Metal Troodog

-ElldJom
JII.·;(;OHeal Treating Inc.
·Kowa.I.lti Heal Treating Co.
Lindberg Heal Treating Co.

-DallM
Lindberg Heal Treating Co.

-,Eden Pmirie
Und,~ MeaI.1'n:aring Co.

-HOO5IOO
Lindl!crs Heal Treating Co.

-Melrose Pall<
Lindberg Heal 1\u~ng Co.

---Racine
LLndberg Heal Th:a1ing Co.

-Rancbo Dominguez
.I:.indbe!g Heal ,~nB Co.

-Rosemo!!!
Lindlxrg Heal n-ealiog Co.

-Solon
Lindberg Heal Treating Co.

-SL Loui.s
I.i!ldherg Hw Tl'euting Co.

-S1DrIeVan1
Lindberg HeaI.1\uting Co.

-l'!!1sa
Lindberg Heat Trcating Co.

-W'1Chi1li
Lindberg Heal Tl'euLingCo.

-Worees!eT
M &: M Heal 'freD.!
Merit Gear .iJeat Tl'Cating
Metal, Improvemcnl Co.

-Wiehllll,

Metal ~'eIlX:Il1 Col
-Columbus

Metaf Tteating Inc.
, Metallurgjcal lnc,

Metal. Tedmology Corp.
Metlab
Met-Tek Inc.-Clackamas
Midwest Flame Hardening

M.:odem.. Slecl... :. Tmln
ng

. INational Broach Macliine
0aIdand Metal Treating Co.
Oregon Inductioo Corp.
Paolo Pru<tucts Co.

-Nashville
l'lwIo Products Co.

, t. Louis
:Ahoenix Heat Treating Inc.
~ Steel Treating
R.acine Heal~Tn:ating Co.
Specialiry Heal Treating

-Elkhart
Speeiality Heat Treating

---Grand Rapids
Speciality Heat Treating

-Holland
Specialt)' Steel Treating Inc,

-':Farmington Hills
Specialty SI«I Treating lnc,

-Fraser
SUI! SI«I Treating Inc.
SWlC08.'!;t Heal Tre;u,Inc..

-Palm Beach Gardens
Superior Metal Treating
Syn!Cuse Ilea.! Treating
'I'IIcnnet Inc.
Thenn- Tech of WanI.:esha
Tl'l!CIech Inc,
Th:aI All Me!als
Wasrungtoo Mcta!lurgicaJ

Services
Westside Aame H~g

STRESS REUWING
Abboo I'umace Company
A1iS MelaJ]w-gicaI

~
Accurate SI«1 Treating
Advanced Heat Trear Corp.

-Monroe
Ad\'ll11Ced Heat Treat Corp.

-WatedoolBurtoo
AdvOOlCedMetaIlUIEicai

Technology.Joe.
, Advanced Tbermal

Technologies.Jnc.
AJax r.thgDtIhemLlc ,Corp.
Albany Metal Treaung
Aleo Heal Treatin8~ COrp.
AJfe Heal Treating
Alfred Heller Heal Treating
Alliance Metal Treating
Alp/!!!. He;;.!. 1'=t=
American Brazing
American IHeat Treating
American MeW T'mlling Inc..
AMT-Monme, Inc.
AlmDsphere Annealing Inc.
Ai~ I'!.!!nate Co.
IkdUve Heal. Tn:ating Inc..
8enedict-.Milkr Inc.
Bmnel1 Hear Treating &:

.Brazing Co.
Bodycore Them:l.aI

IProccssing-Ouuon
:BOOyoore ThcmlaI

f'ro=sing--fl. Worm
Bodyooll: Thermal

Processing-Tulsa
Bornak CC!Ip.
Bonal Thchoologies, Inc.
BowdilCo.
Bnddocl; Metallurgica.l
Braddock Me!allurgical

-Alabama
Bl'SZing& Metal Treati.ng

-Cleveland
Brazing & Metal.

Treating-Kcomck)l
Bl'I!.Zing&Me!l!l

1'I'eming-Minne.'lOLa
BriieBrazlng
.B:rile Metal. Treating Inc.
BI!I'b:!nk Sled Treating Inc.
CaJ-Donm Divisioo
Carolinll Commercial .I""t.

1Ieating
Ce!!!rnI Kenlutky

Pr~sing, (Qt.
Century Sun Metal, Treating
Cert!JkdHealTh:a.!iDglnc.
Ce,@ed Metal Crall. Inc.
Chicago iFlame Hardening
Cim;l!Jnati I"\ame

Hardening Co.
Cincinnati Gear Co.
Ci!x;innati SIee] T=ting
Cit)' Swell'reating Inc.
Clearing Niagara
Cleveland Flame Hardening
Colell'll!ll ComJnetcilll Heal

neating
CCIIDITlCrcial.Induction
Commercial Steel T-reu.ting
Coopcrheat Inc.
Custom Heal Treating Co.
Delavan Steel Treating
Delphi Engineering
IleIrolt FIarne tLardening
Detroit Steel Treating Co.
Dinmood Heat Treating Co.
Dissioc Precision Inc.
OWe Hea! Treating Co .. Inc.
Dixie Machine &. Heal

Treating Inc.
Dre:ver Heal fuating

, Dynnmic Me.!al1feadng.
East Carolina Metal

fua..ting Inc.
East-Lind Heal n..ar
Eckel ,Hem.TmII
Edwards Heal Trcaling

Service
Elmira Heat Treating. Inc.
~ Heat'lmll,Inc..Erie !tel Treating Inc.
Euclid Heal Treating
Fairfield Mfg. Co.
Feinbllmld!lg Ud.
Fenton Heal Treadng
Flame Metal Processing
Fluxll'Ol Manufacr.W'ing Inc.
Fox Sleel Treating Co.
F1'M Heal Treating

-Elk Grove
FPM Ipsen Heat Treating
F1'M Milwaukee
Franklin Steel Treating
Geneml. !teat Tlealing COrp.
Genem.l Metal Benl

Treating loc.
Geo . H, Porter Steel

Treating Co.
Gibson Heal Treat Inc.
Gla!oo !'faum- HurlII,

Oullhlg ThoIs
Global Heal loc.
'Clrnnd Rapids Commercial

Hoot TreaIi.ng Co .. I!K:.
H & M Metall'rooes5lng
HI S Heat Treating
Hansen-Balk. SIa!I.'l'tca!ing
.Hauni Ridluoond!nc.
Heat 1':1U! Corp. of

Ameri.ea
Heat 11reating Services
Heat·Treating 1nc.
I'fuxIr:rIiII:r Heal Thmng Inc.

-Anaheim
HiIlo:k:riiU!l' Heal Th!:aIingInc.

-,DaJlss .
~ Hle!I ThlIing Inc.

-1l!r1.ana
HiOOerlita- Heal TIming Inc.

.....cThlsa
Hi-Theil Aero
HiJ-Tecl1 Me!allurgical Co.
Hi- Thch Stee.l Treating Inc.
Hi- Th:Metal Group

CorpooI~HQ
Horizoo SI«J Treating, Inc.
Hor.!oorgh & ScQll Co.
HoustonFlame Hardening
lITO AerobI:Iwl
HTG: Copper Brazing

I~
HTO IMT·Duncan
IITG !MT-Yod:.
HTG Mellll Methods
Hl!d!!patk MeI.lIl Treating

-BthooI
Hudapac.k MeIilIl'realing

-Glendale Heighlli
Huron
H~\l8C
H),-Vac Thc:hnolog)es loc.
Illian.a Heal Trealing Inc.
IJnpacI Slm!egics, Inc.
1II,hx!!o!l M.e!ll\ T:reating
lnduction Services Inc,
IndUClQhNI. Inc.
lndusuial Metal. Treating
IndusIrinJ Slttl TreaJing lnc.
looex. l:nc. -
Ipsen hnemnrional Inc.

-ALmosphere Produclli
Ipsen Intemanonal Ll!C.

-Vacuum Products
Ironbound Heat Treating
Irwin AulOmalion Inc.
Jasco Heat. TrcarinS Inc.
JCS Engineering, &

Development Corp.
Joim V. Potcro Co.
~fieal'Ill1::atingCo.
We Couruy Steell Treating
lawrence IndtlsIries. Inc.
lind~ Heal T=ting Co.

-&:rItn
:Ilndberg Heal1'reating Co.

!!Il!!s
lindberg Heall'reaIi_1IJ Co.

-Edml'mirie
Lindberl! Heal Treating Co.

-Hou>lon
LindbHg Heal Treating Co.

-lansing
~ Heal Theadng Co.

-Me~Pmk
Lindberg Heat TteanngCo.

-Mexjco
Lindberg Heat 1lmaJ:ingCo.

--R&ine
L.Lndhq tLeaI T:rca..ting Co.

--RIIIICOO Dominguez
Lindberg Heat Treating Co.

-Rocbesler
Ll.1ldberl! Heat T-reating Co.

-':Rosc1flOf!1
Lindberg ,Heal Treating Co.

--Solon
Lindberg Heal 'lteati..1lJ! Co.

-SlLouis
tiOOlxrg Heal Treating Co.

--Sruncvaru
I..indOO-g Heal 'Jicating Co..

-'lUb!!i
Lino:Iberg I-k<It 'Trea!iI!g Co.

-WClIllCSIer
M & M Heal Th:ul
Magnum Metal T-reat.i1!1l
M11IlIIUIp USA.
~ Ii Trea!iJ1g Inc.
Mo:riI Gear Heat Trealing
Met.al.,~ICo..Inc.

-Wiclti!l!
Met.al~Co.,koc.

--Columbus
Mi!!i!l ~'Cn.1nc.

--EmigsviJ~
MeW1'rcaIcrs Inc.
MeIDl Trealinl! &. ~h
Metal '1J'reaIing Inc.

, Met.aIlurgicalloc.
Mellli En~rinll [nco
Mellils Th:hnoJogy CoJp.
Metal- Th: Heat Treating 111C.
Mellab .
Me!l'Q Steel Trea.!iDg
Mct-TcIc Inc.-Claclaunas

Met-Tel: Ioc.-Racine
Michlgl!f\ Flnme

Hardening
M.lcltigan Illdl!ctioolnc.
Midland Metal Treating.
~ F'Iame Hardening
M.idweslml Macibincly
MlMkm:~ Inc.
Modem Metal Processing
Modem 51«1 Treating
Mounmin MetalIurgica.l1
NllliIIllIUkU!!d!i &; ~'- .
Nari.<JtIIl! \odocbon Heating
Natiooal Metal Processing,
NeI1leton Steel1'=1i.ng

1!TO-\lao:- Heal Treating
o &: W Keal1'=llnc.
oakli!Dd Metal Tlntin
Ohio MeIlIllurgical SerYioe
Oregon IDduaioo Corp.
Panek lIIborn!mies Inc.
Paulo Products Co.

-Bessemer
Paulo Prod1!Cls Co.

-Kansas City
Paulo ProdlK.1N Co.

-Memphis
Paulo Products Co.

""':Nashville
Paulo l"n:iducIs Co.

-S~LouiJ
Penna Aamc lrKfusbjes
Pennsylvania Mc:taIWrgical
Peters' Heal Tre!ltil\g Inc.
POOenix Heat '1fI'eaIing lne.
Pill-Ta Inc.
Precision. Heal Treating
Progres.si'i'e Srl:el Treating
R.acine Heal TI'eaIing Co.
RoIJodudion 1l!crm.aJ

Processing
Rod1es~ Slttl Th;ating

Worts.. Ioc.
ROOIIion I"roducu Corp.
S.K.S. Hut Treating Inc.
Sen! Forge
Shanafelt Mfg. Co.
Shon: Metal Technology
SoIar~Ini.
SOllee Heal Treating Corp.
Soulbeas!ll1I1 Hem. Th:ating
Specialil}' Heat Treating

....,;ElkIuIrt
SpecialilY Heal TInting

-Gmnd Rapids
Speciality Heat.lreating

-HollII!td
Specialty !OWeI Tl'eadng tee.

-Alhens
Specialty SI«I, Treating Inc.

-Fmni.1\gton Hills
Specilllty Steel i'realing Ire,

-Fraser
State Heat TI'CalIoc.
SI«I Treat=. Inc.
Steel Th:ating
Sun Sled Treating hie.
S!mooGs!. Heal Tre-Inc_

---OrLando
SIIDCOII.SI Hea! 1"reaI. fiK;.

~Beacb Gardef1.
SIIDOO8.5I Heat Treating

~Beach
S\It!cOI!sIfleal1reating

-Tampa.
Superior Mc!al T:realing
S~ Heat 1'=ting
'it. N. WOOdwortb Inc.
ThennaI Metal 1'-rearing
'IlIermo Ekdton MeIaI

Treating Div.
1benoo Trealel'li Ltd.
Therm-Thcb of Waukesha
Tocco, Inc.
l'~blnc.
T-rear AJI Metals
Trojan Heal Treallnc.
Trutcc Industries
Uni.versal Heat Treating
V$;uBraze
Washingtoo Metallurgical
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Services
WeISS Iadusmes Inc.
W= !JWmc.
WC515id. 'A1IJl1il Hanlening

------ -

A.F.C.-P\foo
"-bboa fwnIce CotqlIm)'
AilS MeWlllqkII

~"!IR
Aa:!.nIe SI«I ~
AdvaIx.ed tleII1're!!! Co!];.

-WlIIl:rIooIBwton
Ad~ H~ Thlating
AdV!!!lCed _e!l!IIlIlJicaI

TedmoIogy, Inc,
AIMmc.cd Thermal

Techoologies. Inc,
AJu~Ci!rp·
Alban)' Met!!.l1featin.j

I Alco Heat Treating Corp.
Alfe Heal Th:a1ing
AIfn:d HeIk:r.HeaI ~
AllWM;eM~~
Alpha Heat'~
American BlUinl!
American ~ Inc.
~ Heal i'teBtin-I . -' --II
American etal Pnxessing,
AmaOrI Me!aI L!tII!Ilg Inc..
APW~
~Annealinglnc,

IIOOISjD:rc Fum.cc Go.
&d!illt Hell ~ h!c.
'lkocdld-MHlCI" Inc,
.Bcnnelt HeatTreating &

B=ingGo.
BOO)'«lIe Induction

Processing
Bod)'«lle Thc:rmaI

I'roccss:ing-CanlOO
Bodyco!eThermal

Processin- Ft. Wonh
BodycotcTllemml

Proccssing-Tl.!lsa
Bom!!k. <:«p.
BowdiIGo.
B!1Iddock MetBlJwp:aI
Brad!b::k Meu.UurgiaI

-Alr!bi!m!r
Bnte Brazillg
Brm: Metal Tluting Inc.
BI!!bank S!I:d. r-i-.1lglncc
Cal-Donn Dirisim
CaroI1na Comm:rtiaI Hell

TM!in,
OW:rpillar lIldustriai

Products Inc.
CenlraI Kcntu;ky

I'rIxessing. Inc.
Oentury swi Me!.IlITreating

! Ceftified Rea! "lludng l1li::.
Catified Metal CrnfI, Inc.
C"mcmnall Flame

~I!gCo.
I Cincinnati Gear
. Cin::im!!!!i S!i:d 1itI!dn.g Co.
I Cll)' SIed~glnc.

Clea:nng .iagarn
~ '1'"Iame Ib:nIenina
CdIerIWl Commen:iaI Hell

TI'eIIinR
Commercial Indilction
Corranm:iaI Sttel1'rul.iDg
Cu..<1OO:iHcal Th:a1ing Co"
DeIIV!!!! Steel ~
Detroit f1mIe Hardcl!i!!g
Detroit Steel TiaIIing, Co.
0iamcn::I1 .HeaI. Trealing 00.
Dis.~ ~oo h!!;.
Dixie Heat Treating Co.
Dixie Machine & Heat

'treating Inc.
Drever Heal Treating
Dynamic Mew nesting.
WI CI!Oll!II Metal

Th:alingln!:.

E.asI·Lind Hcal1'rul
Eckel Heat Treat.
&:ooolll}' I'1lIme

HWe_Inc.
Edwmls Heal ~

Ser1Iice
Elmira Hc!lI ~ Inc.
~IEIM.~b:.
Erie Sleel Treating .In!:.
Euclid HCIIlT=ting
Fairfield Mfg. '1:;0.
FcinbIanIting Lrd
FCnIm Heal Tlalling
f:Ian"',e Metm J>n:Jcessil\1!
FbWroI M:.wlilcturing Inc.
Fox Sleel 'Imlring Co.
!'PM Heal Tlea!ing

-EIkO!"O'i'e
FPM MiI.waUI=
FnmkIin Steel D'eating
Gear Camp!!!!y of J\m!:ria
Gmen.I Heat Treating
GmmIJ Mew Heat

n-e.ating Inc.
Goo. H.. Pixler Sltel

'Ireating Co.
'Gibson, Heat. TreaI.Inc.

, GkatoII Na.uter HII11h
Cu...1tlml!

Grand R!ipids CatnrnmiII
Heat ;m,m,g Co.. Inc.

H & M Metal Pro::essi:ng
H &. S Heal Th!ating
Hansm-BalI: ~ 'I'reaIIr\g
Hauni I'lidunood Inc.
lka 1'iul Corp. or

AmericII
Hcal TIUtina Scrvi=;
Hea!·Trea!i!lS h!c.
H.iOOcrlill!'t Heal Th:aIing Inc.

-Anaheim
H1ndcrlia 'fIea! ilMil1g /!Ie.

-Dallas

~Hcalr-ing ~ I

lfubtilCl". Hea! Tha!ing Inc.
-Tl.!L<a

Hi- Tech A.ero
Hi-Tech M~tallwgical Co.
Hi- Tech S1te11'n:ating Inc.
Hi- Ttc.MeW Qwp

Corporate HQ
H~&~Co.
Hllrizm S1tel T~g..1nc.
HIXWO!! Flam!: H~
H:rG Al:n:lInze
HfG Il'\.ff·ilwlan
!fro [M'f. Yod;
HLJdapd: MeW TrcUJ&

-Ellhom
HIldapIck MdaI Th:aIi!lg

--G1cndaJe Hagbts
Huron
Hy~V!lC
Hy- Vac Tcchoologies IDe.
mi.ana HCIlI Truting Inc.
~S~lD!;.
InducIioo Metal T=ting
In!b;tioo ScrvJoes Inc.
[ndlldoheat, fix.
Industrial Mcml1'leating
1ndDs1riaI Slttl 'Duling Co.
ImlusIri8I SIrd T'mIIiIIg Inc.
~ IIxIuaion [nco
1p&m~,1nc.

-AIDIOIjlbcre Pnxb:Is
IpsaI~1nc.

""':V!r;:uum I"roduc:Is
Ironbond Heat. Treating
Irwin AUIOO1!!lIOO lee,
11lS!;O HeM Tm!!i!!g Inc.
JCS EQ&P-ring &.

~IOpmmICOIp.
Jdbn V. PoIcro 00.
KDwaWd Rea! 1"IU!i.ng Co.
Lake Coonty Steel. Treating
Lawrence' Industries, Inc.
/..il'odherg ~ 1'rel!Iing Co.

-Bertin,
I..iDdbai Hw ireIIing Co.

-Dallas

Undb!:rg Hea:l Treating Co.
-Eck:n Prairie'

LIndberg Heat Treating Co.
-HousIOli

llndbe!"g 'He!!! 1'fel!!ing Co.
-l..ansiDg

I.mdI:Gg Heat Tl'I:8IiI\g Co.
-Melrose Park

Li.J.1dbc!i Heal Treating Co.
-Mexico

~ &!lTtWingCo.
-Racine

Undlerg Heal Thatin Co.
-RII!dIo~

L.i.ncb:rg Hem 'I'lu!in- Co.
-Rocbesll!o-

UlXlberg Hea; Treating Co.
-R~

LilKlberg Heal Treatinll Co.
-Solon

U!!dbe:rJ Heat Treatinl! Co.
I. Loois

Lindberg Hcal Treating Co.

Metl!Is Technology Corp.
Metlah
Mell"O Steel Tmating
Mel-Tek Inc.-Clackamas
Mel'T-ek Ii!c. -. inc
Michigan flarrIe Hardeni---'lll
Miclugan ;lnduction Ioc. -
Midland Me!l!.I 'fiwing.
Midwest Flame H!u"d!;. ,
MidwesIern MaChinery Co.
Modm! ~ Ine,

. Modr:m MdJIl ~n
, Moden SIttI T=ting

Malon 'Oe.- & ' llaft.
Mountain MI!lI.Ilurgial
NId::nI BmKh &: MIIdJIne
Nl!llooni hlductlOll Heating
N-IIOO!\l Mc!aI Pmocssing
NdIldoo Steel1real1ng
l\Iitrex Metal Tcchoologies

----Sturt:evlllll
LLndbe!"g HCIlI Treating Co.

-Thlsa
LindlJerg Heal Treating Co.

-Wall:rbury
~Heat~gCo.

-Won:ester·
M&:MHeIIITrCIIl
MQ£!!um -!al1Iea.Ji.ng
Masl!:r HCal Treating '1llC.
Merit Gear 'H.eaI. T=ting
MeW.~Co.. IDt.

""':W'.ehim
Mc!al ~ Co.. Inc.

-CoIwnb!s
MdaI~Co .•1n!;.

""':Emigsvi.llt
Mdal !'realm .Inc.
MeW~8&~
Mew Treatin "Inc.
Melal.lwgicnllnc.
Melallurgll;1II Proces.s.ing
Me!al~ ~ng!nc.

Oakland MeIa.I Trea!inll
Ohio Me!alIUfJllcal Service
OtegO!] IDdl!Clioo Corp.
P&:I.. Heal Trcatl!!i &

Grindmg
~~Ilx:.
~ Produc!s 00.

-Bessemer
l'I!.u.IoProd~Co.

--I<l!nsas CII}'
, 'Paulo I'roWcIs Co.

Paulo I'n:Iduds 00.
-NasIlViIIc

I'IuIo f'nxIucu Co.
1.1..cwl

Penna FllllJllllndu_
PellllSyl,vanil, MecalIIqIeaI
PeI!:n' Heal ThiIIq Inc..
I'booJ1x Hea n-inllni::.
Pitl-fu Inc.
Prccisloo Hell. Treating
Prog!eM;jllt '!eel TI"CIIinIl

Nitto- Vac Heal11tea!ing
o &: WHeal ThlaIlnc.

The Next Dimension,1'!II measures lioothalignment. tooth profile,
Index and root Iradlusutilizing these ~Ileading ,Edge~features:
• Unear Motors • AGtv\A" DIN, liSa & User defined A.naJysl5
• Volumetrically Mapped Packages

hOUTacy • Software Developed using Microsoft
• Thermal .compensation VISualStudio 6.0
.' .0.1 Micron Resolution Scales
,. Renls~ 3-() Scanning Probe

'. Remote Diagnostics by Modem or Interne!:
• Net\NOI'k Capability

Nurturing Ideas.. .New Dimensions In Gear Technologyl'

41i91 US Route 40 .npp City. OH 45371i
Phone: 937-667-7105 ·'800-998-4191· Fax: 937-667·2591
E-mail: metrology_Xl'S processeq.com
Dr VIsit Us At W\NW.processeq.com
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RENEW
YOUR

SUBSCRIPTION
ONLINE

IT'S EASY!
www.geartBchnology.com I

44, Ge ....R TECfiNOLOGY

Racine Heat Treating Co.
Richter Precision Inc.
Roboduetlon Thermal

I'rocessing
Rocbcstl:r Steel Treatil1!

Wom,loc.
ROOItioo Produc:lS Corp.
S.K.S. Heu! Treating Inc.
ScOI Forge
Shere Metal ThCboology
SoIarA~ Inc.
s- He!!! 1'teal:in-B Corp.
Sou1heas1em Heat 1'reatlng
Speciality ,!fua1 Treating -

- kItIut
Specialily Heal, '1'rI!3ti!!g

-Grond Rapids -
Speciality Heal Tl1:Illing

~Hollillld
Specially Heat Treating Inc.

-Alhcns
SpecillllY SIlXI1'n:ating Inc.

-Frumingtoo Hills -
Specialty Steel Treating Inc.

-Fr1I--«er
SllIIe Heal Trear Ioc,
Steel Trente!s, Inc.
S1I:;:1 !Tealiog
SI!!! Steel T=ti!!g Inc.
Suoeoast H~al,Tmal. Inc.

-Orlnndo
SUncoasI Heal Treat, Inc.

-Palm Beach Oartlem
Suncoast Heat Treating

-Pompano Beach -
Suncoast :HeaI, Treating

-Lampl
Superior Metal TmatiJ18
Syracuse Heat TI1:Ilti!!g
T. N. Woodworrn, Inc.
Thermal Melal Treating
'Iberma Inc.
1bmoo El&'1I1ln MfIl!I

l'Ieating Diy.
Thcnnoltea1ers Ltd:.
Thetm·Tilch of Waukesha
Tocco. loc.
Traclecb Inc.
TtcalAIl Melllls
Truillc Industries
l.Jnivmnl Heal Treating
'IIaru Braze
Walker Heat Treating
WashingtOO Melllllurgical

&r.ices
Weiss Industries Inc.
Welduction CO!p.
W~~ide flame Hardening
Wahlert, COIl'.

VACUJiJM TREATING
A.f. -l'ifco
A~1e [on T:ed!ooIogIes
Accul1lll: Steel Treating -
Ad\'Ul'Kll.'.d Heal1'real Corp.

-WIIJ:erJOO'BUnoo
Advnnccd Melallurgicill

Technology.Jnc.
Allil!llCe Metal Treatintl
i\mcriClUl Brazing
American IRall'katinS
I\rraic;m Mdal Trea!inI! b:.
A~ Furnace Co.
Beehive Heal Treating
Benedict-Miller Inc.
BeImeu Heat Treating &

Brazing Co,
BOO~ ThemIaI.

Processing-OmlOn
BOOycole Thermal

Processing---Ft. Worth
.Bodycote Tbermal

I'rc!cessing- ThIsa
Braddock Melallurgi.cal

-Alabama
Burbrutit Steel Treatinl:
Cen!r.!I Kmlucky

~1l.Inc.
Century SUDMew Treating
Certified Heat Treating
Certified Metal Craft, Inc.
Delavan SIl:eJ T-reatiI1g
[)rever He.u 1'realing
Dynamlc MdlII1'reating
East-Lind Heal Treat
Elmlm Heal, Treating. Inc.
~ Ueat'htt,l!!!:.
Erie Steel 'I'I1:Ilting Inc. 1
Euclid fleat Treating I
Fenton Heu! Treating
Flame Me!l!ls Processing .
~ HcaI.1'renting
~MdlIIHea:I

TreaJing Inc.
Gle!!son Prouter :Hurth

Cntting 1bob
Hansen-Balk Steell'reating
l'IawU RidImood Inc.
fiindcdila'--Da.Uas
Hi-TedlAero
Hi-lech Metallurgical Co.
Hi-Tech Steel Treating roc.
Hi-TecMeWGroup

'~HQ
Hori1.on Steel Treating, t.nc.
lITO. AetObmze .
\ITG Metal Methods
Hudapack Melalr-IWi..1lg

---Elkhorn
Hydrt>-Vac
Impaa. Slmtegies. Inc.
Indusuinl Melalireatlng
!JxIusIIt!I S~ ThaIi!!g Inc.
r~lnc.
Ipsen 1nl=aIiooaI1nc.

-Vacuum~.
Ironbound Heat Treatmg
Irwin Automation Inc.
Jasco Heal '!'!'eating Inc.
ICS Enj!inccring &.

DevelOpmal! Corp,
Kowalski Heo! ~..1IS Co.
Li:ndh:~ Heal Treating Co.

-Berlin
LindbeJi Hea! Treating Co.

-Oall
Lindberg Heat Treatirlg Co.

-Eden Prairie
LiI!dIlerg Heal. 1'reating Co.

"':HO!!SIoo
l.indbcIll Heal. 1'n:ating Co.

-Melro5e PlItk
Lindberg Hea! Tremlng Co.

"':Mtltico
LiI!dIlerg Heat Th:aJ:ing Co ..

--Raocbo~
l..indIleQl Heat Treating Co.

~Rosemonl
Lindberg Heat Treating Co.

-S~Lools
l.indberB Heal 1lreatin.g Co.

-S11lm:WnI
Lino:Ibeq He.u 'fitu!ing Co.

-'1\J.Isa
Li!!dbelll Hear1kating Co.

-WoroeslCl'
MdlII ~ Co.Ine.

-Wichita
Metal Treaters Inc.
Metal 1'rea!lng & Research
Met)!) Treating Inc.
MeIal1urgiCi!lInc.
Me!aIs Th:ImoIogy Corp.
MeUab -
Modem Metal Processing
National Mew, Processing

I Ni1re~ Melal Techno:Jogies
-Ma...<011

NilrOlcc Surface
Eng~dJigrut

Nitro-Vac Heat Treating
o &. W Heal Treat Inc.
Paolo Pto!tYClS Co.

-Kansas Cll}'
Pa!!lo Products Co.

-Bessemer
Paulo~·Co.

-Mcmpbls

P.!u..10 Products Co.
-Na.~hville

Paulo Products Co.
--5L Louis

PeIm' Heat Th:ating I!lc.
PbocnmHealT~ Inc.
Pm:iKion Heat TI'eal.ing
Progressive Steel. Treatil1ll
RlIcim:' Heat Treating Co~
Riel!!er Precision Ioc,
R~er S~I Trca!lng

Wodts.lnc.
SoIllrAlmospheres Inc.
Speciruill Heat Treating

-'E!IIdUUt
Speciality :Hem.1!reating

-Gfl!!ld Rapids
Speciality Heat. 1'reutillg

-Hollillld
SpeciallY Steel Tr:eaW\8 Inc.

-FamringtOO Hills.
SpccilIlly Stccil T=ting Inc.

-FlBser
S~t !k;n1'reat, Inc.

-OrlMldo
SUllroasl Heat Treat,!nc.

-I'!!Im Bead! Gardens
Sup;rior MdlII TtaIing
S)'fIIQJSCHeat. Th:ating
Tbermal BIJIU: Inc.
Tberm-Tedi ofW~

I Univ=!! Heat 'IJres..Jing
, Walker Heat Treating

Wall Colmoooy Corp.
Washington Melllllurgical

ScMces
WcsWlk flame HartIeoil1S

OTHBli
ADS Mc!!illwgiC>1l

~_lcoJ
P-roc~s9il1g

AccIWU: Steel Treating
-lO-&rlt!culllI!
.Plflassing

AIle Hem Treating
--N"urrol SolI
Hartkning, S/WrlDd/;;td
NtMoJilig

An:J:ric:m Metallimling ~.
-6-/Jar Program -
Qutmdzing

Al!nOsphere F'!!ml!!:e Co.
--.4.rmo~re
Go-MmIiIIg EquipmDU

BedIivc Heat Tmuing
-Nrutrol Sab Hl1rrknin.g

BodyCOlC Thermal
I'rocessing-Ft Worth
-1l1D1l11l11l HtlJl 11Ta!ing

Booal Technologies, Inc.
-VibI'l:!0l)' s1!YU "'lie!

Brazing &. Melal
l:reating-Oeveland
-Chaffing Servias

Cen.m!l~
Prooes sing, Inc.-Zinc:
and Nickel Plnlillt:

Century Sun Mew
Treating-.IO- and J2-
&rl'i!cuum Trmli.lIg

Cincinnati 'Gear Co.
-El<!ctron Bmm
,f/l:mJe1!il!g

Contour HlI!dening
~ell!liW'8icoJ Servias

:D~Jphi Eogiocering
--Cootillg.

East·Lind, Hem Treal
--.41r, Oil, mtru
Han1n1ing

Erie teel Trealillg Inc.
-Plug Quenching'

.Fedem.I MaclUne Co.
-Hartl Chrome Plalillg
and GriNJing

I FIamc Hardming of

caJ.ifc:mJa....-Oll-Sile
Mbrk

Fox Steel 'Il-ellr.iD.g
-&/ro Hole Qu.mchr'ng

General Heat 'flmaIing
Corp ..-SaJ.rQumdl

I H & S Heal. Trea!i!!g
--N~ulrnl Hardeffing

iiel!! TrealiJlg Networli:
-HetJ/ 7'rMlillg Traillillg

'I£odcrlill!r-Aru!heim
-&oIK1=

HJ·Tech Aero
-TIN Cll<Uing'

HJ-ThcMdIII Gmup
~HQ·
--NiUulel:' MdoniJ~

I:ITG Copper Bming
I!!dustri.e!>-It/ilJt71I'C

\ITG 1MT·Dw!cnn
-E-Coaringm-o lMTc 'It'od-Md,,,,i/~

Hudapack MCIAIITmaling
--Dlf:ndalc· HejghlB
-Sn.ll I" Sa/(

Impact Slr.!!egie , Inc.
~g

IndUctioo Servm
-Bonding He/lJ

llid~t,bK'.-Ib_. IlJlpiin
lnduslriai Steel Duling

-Magnnic .l'at'lick
IJIS1WClion;Te7lSiI~ rt;sring'

~psen In.lem!!liooal Inc.
-Atmosplll!rc .Produc:lS
-Ibm, Soria.
Rebuilding. CDnlmi
R"lro/il

Ipsen Inlf:l1llItionnI Inc.
-Vacuum Produclll
-I'tuts, Servia,
M1uilJ1ng, CfJIfIlOI
R~rvfi.l

Iro!!bOOnd Heal ireating
~lAbl+brk

Jasco HcnlTo:aung Tnc.
-UUBe Sall Baih linu

KowaIsI<i Ht:aI TreaIint:
-20 Bar QUDK'hillg

Li~ Rei! Treating
-;RwXlboOominguez
-S~r 1Iikr>'f

MlInnings U.S.
-On-Sil~ !krvic~s

Meri! Gear Heat 1'reuling
-NA]COGear
Hatrkrtitrg

.MeIaIlwgicaI ~
-C/~a!! Or Nmtrol
Htmfming

Michigan Induction Inc.
-Coll.lu/ring 011,

IIldUCIitJII
National Metal f'lIxe.ssing

-CtmJirwouslkll
,FUml1C~

Nettleton SIl:CI~II
--IUmo.fpMrt Htm
1'~~8

Nitro!ec Surf_
Engineering-I'''Liehlg!!!!
--Nirroltc

Paulo Produds
~

-Zinc& 1'~
P""ing

Paulo Prodl!C!S>--l<nnw
Cil}'-inspectioll

~ Heal n-eat:lng
-Copp<!.r Plating

Progressive S~ ~g
-{;ril Blasting
QM Technologies

--/00 &am S~rfQct:
Mrxijficofi(JI! (Htrn1m.llIgJ

RchcnIRolock/MThcb
-Sales and Se""iu

Speciality Heal Treating
-FJk!wl,-(ja.t
Hi/riding a1Ili SolI

http://www.geartBchnology.com
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r~riIf&

SpccialiIy Hem 1'mIIing
I -CJnod Rapid.r-GaI

N"llriding DIId StIlI
T~rif!g

Spcci3![1}' Hcallmling
--HoIJand...--G
Hilriding DIId Salt
T~g

Sun Sled T!e8ling Inc
--&JlJ &Lh HtL~n~",

SuocoasI. Heat Treat. Inc.
---Ol:nIo-MaItm1izIng

TI!em!!!I Brnz.e Inc.
-IndUCtion 8ro:inl!

Tbermal Mclal Treating
1nc.-&-MII-2
P""sphal~ CHat'lI/!

Tberm- Thcb of Waukesha
-Ma."1uI!lIchlng

We...mde Fla!ne H.mIming
-E1«tlDt!
&am HtIni~nillg

I

tfEATTREAIE.!ll!!f8 _ -
SUPlIUES
A.F.c.-p,r<X!---&m-h &

Comlnuotu. Fully
1OO0lllDUd ond
~~riJd H~ Tm!t
Sy-ftH Sin/.
Aluminum· and Bnm
~

Abbott Fumacc CompIIIl)'
Magul'iI\o n* Corp.

-llflludilm BtfII
'1'naIing Equipwvlf1

American CryogerllQ.
-Cryogmic
Proceuon

Atmosphere Ji'1Il1l!ICe Co.
-A111}'P!'.f of
FuJI, AltlQllll1/.-d,
COlltiIUWUJ' Dlld Balch
h~ rrear .lY1/1'lll!.

Can-Eng I'umaces ILId
-F~r7flU,f and
Non/rlTOlM Eq~nl
iN:lwding Cantm ........
M~sh &11 and RoI~r
Hro1thEq~1!1

Oyo.~! Sp!ciali.\ts
-Compul~r COfIIroIJ~
Onp CryoSI!nic
Procuring EquiJl'lW'1!

Duffy Company
-COMlIJ'W SloP-off
Paints fur ~IKrj'o'/!l
A~rrHt!11J
Trrarillg

GIlC\'C CoIponIIim
-0."", rmd FIIT1IDI:t!s
.for Alwninum Tll'DIing,
BlWing. S/Tr Rdirlli!l~,

T""'I2ring, "Ie:.
HdboR--ll.m 7IwUiq.

Eqliipml!m aNI: ..ppi1o
lRS-An .1nd1lillOlbmn

Jnd!!Slrieoi Co .. Inc,
-Jndut:IWn HrtIlillB

I EqUifH""Jll
I l!!d!!CiOOel!!t, In!:.

-.Jmiueriott I:t~tlI.
TnttJing Mll€:hino and
Powrr Supplks

10l1CX, Inc.-Plasma Ion
HiuidiJIg " lOtI
ImplmuatiDn Syslmv

w..-.-~Inc,
--la2r 1'1_ T1l'DIing
and M~lding S _

M~ f"rdle of
~
Probe

~- .s.A.
-IbtllJblJ! Ht;(1I

T~D_Unill,
Rninlw:r turd lnducrioo
1~ FllmDCoand.0.-.
'it= MeW TecbOOIogies
bx:.--SI. l.aumJt
-T«IrnaIDff''caI1y
ad-!'D1t«d gad IfiJridifrg
rynLwu (,/umaas,
procrcn t:t1fI!mI hmrI
.. 12m'.rq!iMtlR!', ahaus1
MII1ro/ijng opIiuru, _I

alJ"'1Iicai Ct1fU!dtingand
1«IuI/cal SJlpporl1~r
vices}

One Ctyo 1nc,-CI)'Qgmic
T~rlng Equ.(pmDl1

I?1.I1nr Indus!:ries----m;:illg •
and LlrducrionEqui{1'M1!I

QM Tecbnologies
-Jan 8~tmiSwfoa
Tlmlmrol Mo.cJriMsfor
Sut/tJr:r Mndi/kDliQ(l
( flllniEning}

QuaIIl)'HeaI 'IlrlmoIogIes
lJ.S.A.,.....p~ IW
III!d WK:!r_ &pUptnrnJ,
fA IVfd QUIlfiJy C(fnJrol i
Snvicln -

RlId)'1IC Corp.-Induc/lhll
H«IIiIIgEquir-1!1

Rcboo-Ip •.." FumtldIs,
Rolori fbnursand
f4uipmml, Mid-..-rsl
\hciaun Pwnp~

SwiiIce GombIsIioo. IDe.
-It'id<o Ituit-ry of IJaIda
&, Cotuinunar F~s
/or~R!',~
andNl11I-~'"
HWIT_ling

Wail CoImoooy Corp.
icl'Obrau BlTlZiIIg

FlII~T M~IIJLr and
CobI1OllOy--Nickrl-bo-'~
/Ll1o)'s for CoaIm/l$

WddUctioo Corp.
-lndJlCliOil Hardening
Eqllipmr1!1

WCSI5i.dc· A:uncl-llutlening
-F1I:une Hardming
Equipmr1!1

zyp COOI.ings. Inc.
-SJ0fHllf CoariJIgs for
Cdrburizing, Nilridilfg
and OtMr f'mc~

Proven relialH1i1yand unsurpassed IKcuracy are why we've remained
a leader in the gear tool business for over SO years .

.I Exlen,sive Stork· AlIIlBore Sirzes
,.I FRIEE: CATALOG
.I Diamelml & Modu'l'e IPit€hes,
.I SOUD CARIB:lD:EIHOIS
.I IEx,press Delivery
.llRU·VOLUTr> ,Class,.AAA
.I Latest Coating Tech_lIIl109Y
.I Quick Quoles

llluSSELL,
'Phone: 201 ..610 ..42201

ax: 201-610 ..4266
2 ..... Street, Waldwick,

87463

The Grleal GeardiAi
M' .81, urn V nlS I lelore You Eva!

Of course, there's not really a magical way to handle your
dabtming needs. 'but we have the next besl thing. OLS builds
turn ey systems with proven performance,_We've become the

I industry leader by offeriJ1glthe best overall value:
., High-speed, high-quality systems
.•. Quality components from brand-

name manufacturers
, A variety of standard base moeels

which can be adapted ,easily to
your needs

• Engineered solutions lor practically
any application

• Trained stafl 01experts wailing to
assist you

OlS MDClel120D1

can IOlSIOdav~' elll
malle vour deburring
troU . III ppear!

- - --
, ~ ~ ....- ..

~L

'CfRCl!E137



9t11 a . -Jnteuzationa/

The' Indactoheat Group' is hosting its
9th Intern.',ation.al Induction .Heating Seminar
May ]O~1212000 atthe Hilton Clearwater
Beach Resort :in Clearwater Beach, florida.

The world's largest group of experts from North America, Europe,
Australia, South America and Asia will present illformation on NEW
processes and developments in induction heating .

• Breakthrough in the induction hardening of cranksbafts
• Innevations in induction harden~ng of camshafts, gears & criti-
cal ,components,• Obtaining desired lOetaUurg;caJ properties"
Cracks, shape at distortion control • Induction tempering &
stress relieving • Ferrous & non-ferrous metals> BilletJbarJwire
heating· Slab/strip/plate heating> Tube & pipe heating
• Cellular manufacturing designs • New coil design technologies
• Diagnostics, monhoring & QA • Brazing & soldering technology
• failure analysis> IGBT & MOS FET transistorized power supplies
• Load matdling •Advanced induction heating techniques • & more

New Solutions to Current Needs
Bring your questions, concerns and induction experiences to world
recognized experts and end-users and get the advice and answers
you're looking for.

Two-and-a-Hall Day Seminar
• Registration/reception Tuesday evening
" Formal presentations Wednesday & Thursday
• Roundtable discussions Friday until noon

It's Not Too Early to Register
Be sure to register via phone, fax, e-mail or our website to guarantee
your spot in the seminar. The seminar fee is $[95.00 per person until
April. 10,2000. Registration after the U>th is $250.00 per person.
Please make checks payable to Inductoheat, Inc.

INIDUCTOHEAT~'
GROUP'

CIRCLIE 161. .'DUC11IHU"I

Heating Seminar will be held at the Hi/lOll Clearwacer
Beach Resort in Clearwater, Florida.

Contact:
Laurie Taylor
INDUCTOHEAT. INC.
32251 North Avis Drive
Madison Heights, MI 48071
1-800-624-629'7
Tel: .246/565-9393 Pax: 248/565-0429
e-mail: lltaylor@inductoheal.com
wwwinductoheat.corn

RA.DYNE

mailto:lltaylor@inductoheal.com
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A..F.C. - Pifro
49630 Pontiac Trail
Wixom. MI 48393
248.624·819'1
Fax: 248-624·3710
E·mail: sal~~@ufc,pifco.CDm
Web: ...,.,....,.afc·pifco.com

Ahbou FlIffla.CC Company
1068 Troy( Run Road
Saint Marys. PA 15857
814-781·6355
Fax: 814·781·7334
E·mail: ubbol1@{J£nltcam
Web: 'oVWW.pt'nn.t:omlabbottjurtlll«

ABS, MetallllIgicall'rocessors
4313 :E. Magnolia
I'llocnix. AZ 85034
602-437·3008
Fu: 602-439·5349

A«U:~9Ie [011Tecbnol:ogi6, I..L .
10010 S ..Miller Way
Soulh Gale. 0\ 902lIO'
S62·9!18·11168
Fax: S6:M27.ss9~
E-man: jJ,.Jai(f!!~a7tAli.rtlc.lIn
W~: Jjf_.It~atJrflf/os.com

A~U-'1!le Steel ireaUng
10008 MiHer Way
South Gme, CA 90280
562-927-6528
Fax: 562-927·859'1
E-mail: a"'mil:L@~al'1hlink.tle,
Weh: .."'w.h~utl",alu s,t:o'"

Advanced Heat Treat CDIp.-Mooroc
1625 Rose S
Monroe, MI48162
734-243-0063
Fax: 734-2.43-4066
E·mail: ojfia@foxberry.MI
Web: '''Ww.ahlw~b.c_

Adv!!!lced lieu. Trea! COIp.
-Wa(erJooIBunoD
2839' Bunon Avenue
Waterloo, [A 50703
119-232·5221
'F..... : 319"2324952
.E-mail: mb@ioll.nilridillK.com
Web: """,,:aitlw ..b.com

Advanced Heal Treat Corp.
-Wale~loo1M idpon
2825 Midpun Blvd.
Waterloo. 1A 50703
319·132·5221
Hu.: 319·2)249~2
E·mail: mll1@ilm·lIilridil1g.com
Web: www.ahlWt..b.com

AdY~ Heal Treating
1057 -r-rout R!!ll Rd.
51. MlIf)'s. PA 15857
814-781·3744
Fax: 814-781·3230

Advanced MetallW"gical Tecbnology. Inc.
212 Page Ave.
FOIl!Wo.rth. TX 761 1.0
817·921·5100
FW!: 817·9'21·5372
E·mail: iLmlsmilh@w.rthlinJ:.m-1

Adv.mced Thermal Technologies, Inc.
11'.0.I1<;1!i. 815
3668 U.S. Hwy. 6
Kendallville. IN 46755
219-347·1203
FlU: 219-]47·3568

I\jIlX Magnelhr:mIlc Cm-p.
1745 Overland AYe.
Warren. 001.444112
JJO.J7M5& II
Fu: 330·)71-8608
E-mail: qjaxsaies@qja:cmllg.<com
Web: ·",ww.qilU:nwg.com

AJbany Me Treaung
400 S. Ilowd,;:n Ave.
AJbany, IN 4732.0
]],7'·189-6470
Fu: 31.7·789-6839

Alco Hear Treating Corp.
130Verdi S~
farmingdale, NY 11135
516-249·.1660
Fax: 516-249'·7889

Alfe Heal Treating
2349 E. Cardinal Dr.
Columbia GIY, IN 46725
21 c}'248.255I
Fax: 1.\ 9c244-40&3
Web: ......"".aj.J~.com

Alfred HeUer Heat Tteatlng Co.
S Wellington St.
Cliftoo, NJ 01011
973·7724200
Fax: 973-772-0433
E·mail: ,ah!j@bella.rian.tjc.n~t'

AJli~ Me!)!1Treating
P.O. BoxM
Eola, IL 60519
'630-85 '·5880
Fax: ,630.851-0733
Esmail: .uiml@ix.llelcom.com

Allread Preducts
22 S. Main 5'1.
Terryville. cr 06786
8W-58c}'3566
Fu: 860-589-3566
Web: ..........,allnadpmductH:O"'

Alpha Heal Treaters
Div of Metal Improvement Co.
270 Emig Rd.
Emigsville, PA 17318
717·767·6757
Fax: 717·764-0129'

American Brazing
Div. of Paulo Products Co.
4428 Hamann Pkwy.
Willoughby. OH 44095
440-946- 5900
Fax: 440-946-3091
E-mail: juw.;It@pa .. ta-us ..Cf)m

AmeriCi!..n Cryogenics. Inc,
203 Tm\ds Lane
Waukesha, Wl 53189
414·513·0486
Fax: 414-513-'0485
E·mail: jim@ ........ricancryugenl.c.f.com
Web: wt!lw..am~ricanc.tyogenit:.f.canJ

American Heat Treating
1346 Moms "Ne.
Dayton. OH 45408
937-46/·11.21
Fax: 937-46/·1166

American Mew 1'Iooe. sing Co.
22720 Nagel
Warret1. MI 48089
810-757.7337
Fu; 810-757·8232

American Metal 'fIyMIJIO Co.
100 ..:. 62nd SI:.
Cleveland, on 4412.9
216-431-4491
Fax.: n6-43I·1508;
E·mail:
bTJl"~@<JJJ'UriclJJJm.dDltn4Iil!g.com

American MeLl!!lIuting Inc.
1':0. Bo:\4157
High Point, NC 27263
336-889·3277
Fax: 336-889·7950
Web: www.a_rimeral.C()m

AMT·Monroe Inc.
615 Harbor Alit!.
Monroe. MI 48162
734-242.1733
Fax: 134-242-0991

AP Westsbore. Inc.
4000 State Hwy. 91,
Oshkosh. WI 54904-9217
920- 235·200 1
Fax: 920-235·2701
E·mail: adiuPW@UfJ/.<"01rr,
Web: ",,,,,,,,,,pl'li~djJll"·~ss.com

Applied Cryogenics Inc.
119'1 Chestnut SL
Newton,.MA. .02164
617·969-6490
Fax: 617·969-6266
E·mo;l: www.n..ellsiI1P@ao/.com

Applied Process hit.
IW8 Newb!Ll'lIib Rd!.
Livonia, .MI 48HO-I046
7J4..464.2030
Fu:734-464-6314
E·maiI: jUO/lg" @Q~plu-dpr«t$$,tol7!
Web: ·",,,,,,,.app1iNprooc#~s..,o,"

Atmosphere Annealing Inc.
1300 Industrial Dr.
N. Vernon. IN 47265
812·346-1.275
Fax: 812·346-4534

Atmosphere Furnace Company
see 1i.F.C.·Pi/co

BeehiYe Heal TreaLing [nc,
132 Water SI. .
S. Norwalk, cr 06854
203·866·1635
Fax: 203·855-9327

BenediCI·MilIer Inc.
340 Orient Way
P.O. Box 912
LyndlJurst, NJ 0707 1..()912

201·438·3000
Fax'. 201-438-4962
Esmail: info @~,,~dit:l·miJ/~r.com
Web: www.bI!lI~dit:l:·mill~uom

Bennett Heal. Treating & Brazln.j en.
600 Ferry SI.
New.ark, NJ 07105
800-689-0590
Fax: 973·589·6518
E-m_!lll:d4vidq~glia@bellll~lIh~al.Co",
Web: ..,,,,w.Ml1IU!lt/!eal.com

Bodycote S.W. Inc.
1240 N. Harvard Ave.
TUlsa. OK 74115
91,8·11]4·0855
Fu: 91S-836-4162
E-mail: ct}.gal1·@bodycou·na.rom
Web: www.bodyco.te·na.com

Bodycote Thermal Proc",.]ng-CII!1IDP
858.0 HDgge!"!}' Rd,
Canton. MI48187
734-45 I ·2264
F!ll!.:734451·2803
Web: wwwbodycote-na.cm«

Bodycote Tbermal i'nx:c..o;sing-F\. WilMh
200S Moolgomcry Sl
flol1 Worth, TX 76107
&/1·131·6651
Fax: 817·377·9610
E·muH: ftw()rlh @bodyc()/~·na,i"om
Web: "' .......lx.JdycOIN!D.COlll

Bedycote Thermal Processing- 'hrzana
18600 Oxnard Street
Tanana. CA 9'1356
818·344-0216
Fax: 81,8-609'·9372

Bom!!k CO!]>.
6 Jeffersor! Ave.
Woburn, MA. 01801
f>l7·93~-4I00'
FIL<: 617·932·0542
E·mail: bomt1k@intlusrry.n~1

Bonal Technclogies loc,
21.178 Bridge Sr.
SouLhneld, MI 48034
24S-3S3·2041
F;!,II;:248·353·2028
E-nWl: booo/lh@ooLcol1!
Web; w......"bonaJ.mm

1"be Bowdil Co.
2030 Industrial Place S.E.
Canton. OH 44707
216-456-7l76
Fax: 216-456-4625

Braddock Metallurgical
14600 Duval Plooe Wes.
Jacksonville. fL 32218
904-7414777
Fax; 904·741.-4813

Braddock Metallurgical-A.labama
3008 Red Morris Pkwy.
Anniston. AL 36207
205·831·5199'
Fax; 2.o~·831·S680

MARCHIAPR.IL 2000 47

mailto:mb@ioll.nilridillK.com
http://www.ahlWt..b.com
mailto:.uiml@ix.llelcom.com
mailto:www.n..ellsiI1P@ao/.com
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Put it in t;he Question It A_nswer
section on----- - . 1M1

The, Gear Industry H~omelPage .

One of the hottest departments alii
_c . TM.the GIHIP IS the Q &. As.

launch your questiolil lnto ,cyberspace:
and let your peers answer it

Just Ilog on at geartechno!ogy.com.
It's the best spot for gearing on the Internet.

PARKfRcan supply SfAlight Bevel
Generating Cutters -!Roughers and Finishers
for use on Gleason 3",6",11",12",1'8" & 24" machines.
A comprehensive stock is maintained tor popular models such as
the 3", 6" & 112"Gleason Machines. Most CIItters are made from
M2 HSS material or M35 for tougner gracles of steel.

~:~~1~~IER INDUSTRIES INC

't_-=- ~ :::'1~,lrl ir- A I' It F d, r t I .J r " ....., •..'
1-631·567-1000' Fax. 1·631-567·1355

'. ','.';' www uarkerind com E-Mail sales spanerind com
YOUR SINGLE SOURCE FOR GEAR CUTTING TOOLS AND GAGES

CIRCLE 148,
U (lEAR TECHNOLOGY

Brazing & Melnl, Treatiog-Clcvehmdi
Dl". QrHI TecMelAl Group

, 1101 E. SSIh SI ..
I 'Cleveland. OH 44103

216-&&1.:8100
FlU: 2J6-881-4852
E-mail: hlgillfo@oplllel
Web: """",.hi~C_IQ/group.com

Brazing & Mel.lll 'fuating""':Kc:orucky
Diy. o(HI ThcMetaJ ,GrollP
1379 Jamike Avetl!JC
Erlanger, K Y 41,018
606-641·1115
Pax: 606-647-1165
E-mail: hlgilllo@apk.nel
Web: _.lrlr~C'lnelalgroup.com

Bruing & Metal Treating-Minnesota
2S0IHiT~ Avenue
A.Ibert Lea, "'IN 56007
507-J73·9630
1:'1Ilt: :507-373-3771
E-mail: hlgi!l/o@apk.1!el
Web:www.hilec_lalgroup.com

Brite Blll1'ing
S476uuC!.

leveland, 01{ 44114
216-881.8100
Fu: 216-1181-6811

Brite MelAl Treating Inc.
8640 Bessemer Ave.
Cleveland. OH 44 J 27
216-14I-t266
Fax: 216-141-4213

Bucyrus International. Inc.
1100 Milwallkee Ave.
S. Milwaukee, WI 53172
414"768-4000
Fwc 414-768-5221

Caterpillar lnduslJial Products Inc.
100 N.B. Adams Sl
horia. n, 61629-4375
309-675-5451
Fax: 309-675-6457
(!.mail: t:t118eC!rs@c{/1•.e~mail.com

Bl!IbankSteelne_
415 S. Varney St.
Burbank. CA 91502
213-849-7480 or 818·842·0975
F:u: 213-84·9-3739

Cal-Doran Division
:1804Cleveland Ave.
NaLional City, CA 91950
619-477-2121
Fax: 619-477-3219

California Surface HJll'den]ng Inc.
1315 S. AIlm!eda S1.
P.O. Box, 736
Campion. CA 90223
310-608-5576
FiIX:, 310-608-2072
E-mail: cabrf@t!af'lhlink.ft~1

Ccn!ll!li Kenlucky Processing
657 Ii 71h SL
Lcxingl.on, KY 4{)505
606-231-6226
Fu_: 606-231-\1464
Web: I!IW!!I.ctpillc.com

Calumet Surface Hardening
6805 McCook Ave.
Hammond, IN 46323
219·844·5600
Fu: 219·845-1046

Can-Eng FIlllIlWCS IJtd.
, P.O. Box 235

Niagara FaUs. NY 14302-0235
905-356-1327
flU: 905-356-1817
lE-mail: fM«s(jpcan·~ ..g.rom
'Web: C<VI-t!lIg.rom

Carolina COfIlI1lercial Heal TreatinS
.1'0. Drawer 13611
Fountain InD, SC 296<14
803-862-3516
fax: 803-862-4466

C"nllIf)' Sun Metal1realiog
24111'Wesl Aero Park Ct
n.vefSe Cit)'. MI 49686
,616-94 :1-7800
Fax: 6116-941-234.6

, enifled Heat Treating Inc.
1200 B. Finn SI.
Dayton, OH 45403
937-461-2844
FlU: 937-461-4519'

Certified Metal Crafll'nc.
877 Vernon Way
EI Cajon. CA 92020
619'-:593-3636
IFu: 619'·593·3635
IE-.mail: t:mCi@af'lifi~dmt!lf1baft.ctJlfI
Web: ...."".'oertifi~lalt::rrql.aJm

_icago flame Hardening Go.
5200 ,Railroad AYe.
lEast Chicago. IN 46312
219-397-6475
Fax: 219·397-4029

Chlcn.go Induction Metll.l ,ru!iJ!g Corp,
3305 W. Harrison SI.
ChiCAgo, 11.60624
773·826-1213
FAl!.: 773·826-1178
B-mail: Ln[o@chicagoinduclioPl.com
Web: www.<;hicagoi.llducriofl.com

Cincinnati FIl!me Jhrd.e!ting Co.
375 Security Dr.
Fairfield. OH 4:5014
513-942-1400
Fax: 5.13-942.-1414

Cincinnati Gear Co.
5657' Wooster Pike
Cincienatl, OH 45227
513-271-2700
Fu: 513-211-0049'

CincinIWi SlJ:c1 TR81ing
5701 Mariemont Ave.
Cincinnati. OH 45227
513-271-31:73

, Fax; 51,3-271-3510
E·1DlIilI.: c~r@lfl~t:lrrwli"&.r:om
Web: 14'WW.~/ultntffing,com

Ciry Steel Treating Inc.
13007 Los Nietos Rd.
Santa Fe Springs, CA 90670
562-941-1246
Fax: 562-941-12-47

Clearing Niagara
P.O. BO.K 475-
Buffalo, NY 1424{)
71,6-893-4070
fU.: 716-893-4084
Web: ..........cJlb.inIL"""

Cleveland Flame H:mIening Co,
9'35 West Ave,
Clcvel:md, OH 44113
216-241·1333
Pu: 216-241-3946

mailto:hlgilllo@apk.nel
http://Web:www.hilec_lalgroup.com
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Colemarr Cemmercial Heal Treating
1S61 Hanllllr Rd.
Memphis, TN 38118
90 1-366-0204
Fax: 901-366-0770

Commetciallmluction
Div. of Hi 1'ccMeIa.1 Group
4010 E. 116'h Slreel
Clevelan<!, OH 44105
216-883-4820
Fax: 216-88)-4822
E-mail: hlgill!o@aplLnn
Web: 'ww",hilecmetalgroup.com

Commercial Steel Treating Co!:p.
31440 Stephenson Hwy.
Madison Heigbts, MI 48071
248-5B8-3300
Fax: 248-588-3300

Contour Hardening !nco
7898 Zionsville Rd.
lDdJ_polis. fN 46268
317··876-.:1:530
Fax: 317-879'-2484

Cooperheat [DC.
41OWalcOl Rd.
Westlllke. LA 70669
3ill-IIII'l-\SOO
FIIX: 318-8112-! 821

Delavan Steel1"reating 0perati0!l
2250 Fuller Road
Wesl Des Moines. [A :50265
5lS-22S-6565
fax: 5l5-226-8772

Cryo- Treatment Specialjs:u. LLC
900 Briggs Road, Suite 1:55
MI_ Laurel" NJ 08054
8.56- 787'.{IOO4
FH~856-781-OO1J6
E-mail: cr}'O(1r!al/@aoLcom
Web: ",ww.cr}·o-r",aUom

CUs!Qm Heat Treating Co.
4117 Meadow Lane
Bessler City, LA 711 I!
318-742-6662
Fax: 318-742-4135

Delphi Engineering
lJIBlilCkWood-Bamsboro Rd.
Sewell. NJ ()8OIlO
8ro.220-4101
FlU!: 856-228-9354
E-mail: dec76@aol.com
Web; www.de.lphiellsiM.ring.r:om

DelJ'Oil Flame Hardening Co.
17644 Mt.ElIioa.
Detroit, MI 411212
3 [3-891-2936
Fax: 31)..891-3150
E·ltI~l:.djlrjrlc@eaFlhlink.nel

I Web; w"''''-llelworJd()()().comldetjIame

Detroit Steel Treating Co.
1631 Highwood East
POOtillC,MI 4S34{l,
248-334-7436
Fo.: 248-334-7436
E-mail; delsfu/ln:aling@aoLcol7!

Diamond Hc.!!!l'~ting Ce.
5660 W. Jefferson
Detroit, MI 48209
313-843-6570
FIlX: 313·842-0280

Dissron Precision Inc.
6795 SI.aIeRd.
Philadelphia, PA 19135
215-338-1200
Fax: 215-338-7060

Dbtie Heal1"realing Co.
425 CQIlllly R.oad 30
Florence. AL 3~630
205-767-1752
Fax: 205-767-1573

Dixie Maclline & Heat Trea.ting Inc.
711 E. Franklin
Gastonia. NC 28054
704-864-5454
Fax: 70+864-54.56

Drever Heat Treating
6201 Robinwooj Rd.
.Baltimore, MD 21225
410'-789'-6161
FlIlI:: 410'-789-6659

The Duffy Company
283 .Eas! Hellen Road
Palatine, IL 60067
847·202-0000
Fax: 847-202-0004
E-mail;duffyco@bigplanet.com
Web'. www.dl<1/Ycomp.;my.com

Dynamic Mell!! Treating, Inc.
nll4 Ronda Dr.
Canton. Ml48187
734-459'-8022
I<ax: 734-459-7863

Easl Carolina Metal1'rel!ting me.
1010 S ..S.aunde!:'S St.
Raleigh, NC 27603
919-834-2100
FH: 919-833-1764
E-mail: rodcylll@aoicom

East-Lind Heat 1'reat
32045 Dequindre
Madison Heigh!.\. Ml 48071
248-585·1415
Fax: 2-48.585-3045
E-maiJ; easr/ind@aoi.com

Eckel Heal Treat
8035 W. County Rd.
Odessa, TX 797114
915·362-4336
FlU!; 915-362-1827

&:000111), I'bm!e HlUdening. Inc.
896 East 70m SIreCI
Cleveland. OK 44103
216-432-4410
Fax: 216-432-05115
E-mail: sassoo.n@~rol.i.com
Web: wwwheattreaters.com

Edwards Heat. Treating
642 McComtick Sl
SI!II Leandro, CA 94577
510-638-4140
Fo; 510'-638-1438
E-mail; ....hutkk@aoLcom
Web; _,",.ed ...tmish~allrralillg.com

Elmira Heal l'reating. [nco
407 S. lGnyoo SI.
Elmira, NY 14871
,607-734-8904
E-mail: i!ffo@eimira-heoJ-t reat.com
Web: www.elmira-neat-treat.com

Engineeredl Heat neal Inc.
3127.E StepheMD.D Hwy,
Madison Heights, Mm 480'71

2:4.8.588·5141
Fax.; 248-588-65:33
E.mail: sa/@enghtcam
Web:HlHlHI.ehtillc.com

6 t4-48S-2556
FIUf.; t> 14-4116-\14119

_____ --Ii
G= Compa.oy of America
14300 Corgin Ave.
Cleveland, OH44111
216-671-5400
FIIlC; 216-671-~825

General Heal Treating Corp.
6770 Benedict Rd.
East Syracuse, NY 13057
315-437-1117
Pn: 315-433-1194
E-mail: romghl@drramscape.com
Web; ,"""",-sclleralheOllrraljng.com

General Mellll Heal Treating Inc.
941 Addison Rd. -
Cleveland. OH 44103
216-391-0386
Pax; 216-391.-0890

Geo. H. Porter Slcc'l1'refiUl!g Co.
1273 E. 55th SI.
Cleveland, OH 44103
2 I6-43 1-66() I
Fax: 216-431-0009'
E·maiI; Irralillg@lJol.com

Gib on Heal '[real IDC.
2037 Brookside Ln.
Kingspol1. TN 37660
423-246-5542
Fill<; 423-246-8629
E-mail;H1Trear@aoLcom

Gleason Mauter Kurth 'Cutting Thols
135! Wlnds4IrRo!!d I

LOVe!!, Puk. IL 61111
1115·877-8900'
Fu:81S-m-0624
E-1IllIIl: Sllus@pmcl.com'
Web; IPHI•• JM'Cf,co!!'l

I Erie Steel Treating Inc.
5540 lacknmn Rd.
Toledo, OH 436!3
419-418-3743
Fax: 419'-478-0109
E-maiJ; eril:sled@!o/~dolink.com
Web; www.erie.com

Euclid Heat Treating Co.
1408 E. 222nd St.
Cleveland, 01:1 44117
800-962-2909
Fa,;: 216-481-3473

The Gleason Workli
Uloo 'Univemly Ave.
ROcl:II;SIr:r, NY 14691
716-461-8051
FILet: 716-46,1-1491

Gldball:leut Treat Inc.
54 Route 130
Yardville, N] 08620
609-298-.1200
Fo;609-291\-7958

Good Erurlh Thol , Inc,
!lour Industrial Drive
Crystal City, MO ,63019
314-937-3330
Fax: 314·937-3386
E-In!!il: BOotUunhloo/s@u.sa.!l1:1

Fairfield Mfg. Co.
.P.O. Box 7940
Lafayette. IN 41903
765-474-3474
Fax; 317'-477-7342

Federal Machine Co.
1007 2nd Ave. We.!.
Wc;st Fargo, NO 58103
701-282-8134
Fax: 701·282·8135

FenlDQ Heat Treating
3605 Homestead Duquesne Rd,
Wesl Mililin. PA 15122
412-466-3960
Fax: 412-466-793 I

Flame Hardening Co. of California
6057 Stale SI.
Huntington Pm, CA 90255
213-589.5066
FILl<;213-589-5403

Flame Metals Processing Corp.
7317 W. LIIke Sl
MiDIIl:<\polis, MN 55426
612-929-7815
FalC; ,612-925-0572
E-mail: jimc@jlamenllf!als.com

Fhrxtrol Manufacturing Inc,
1388 Atlantic Blvd.
Auburn Hills, Ml 48326
810'-393-2000
fax: 810-393-0277

Fox Steel Treating Co.
2220 Gratiot Ave.
Detroit, Ml 48207
888-818-0808
Fax; 313-568-0148

FPM Hear Treating
1501 S . Lively Blvd.
Elk Grove, IL 60007
847-228-2525
Fax; 847-228-9887

FPM Ipsen Heat Treating
666 Route 20
~ny""alley. IL6U)16
815-332-4961
Fax: 815.332-3022

!'PM Milwauk&!
820'1 W. Calumet Rd.
Milwaukee, WI 53223
414-355-7900
Fax: 414-355-'1719

Franklin Steel Treating Co.
1070 Ridge St.
Columbus, OH 43215-1190

Orand Rapids Commercial
Hell! Treating CO .• Inc.
3832 Buchanan Ave. S.W.
Grand Rapids. MI 49548
61.6-243-0111
Fo.: 616-243-4080
E-mail; f1orist47f1orisl@Mr3c~pe_nel

The Grteve CorPOI'!Ili.on
500 Hart Road
Round Lake, IL 60073
847-546-822S
Fax: 847.546-9210

I E-mail: saits@grievtC.orp.com
Web: 'I!Iww.grievuorp.com

mailto:dec76@aol.com
http://www.de.lphiellsiM.ring.r:om
mailto:.djlrjrlc@eaFlhlink.nel
mailto:E-mail;duffyco@bigplanet.com
mailto:easr/ind@aoi.com
http://www.elmira-neat-treat.com
mailto:romghl@drramscape.com
mailto:Irralillg@lJol.com
http://www.erie.com
mailto:saits@grievtC.orp.com
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11& M Melal Processing
1850 !'iron!. SI.
Cuyahoga Fall. OH 44221
800-JO+.26.36
FlU: 216-928-5472

H & S Heat Treating
133 South SI, N.
POri Robinson. ON LOS] KO
Canada
905-384-9355
F.~:90>384-9110
E-m.!!il!h.sh~al@l'tu:xi~.rorn

H!!!1scn-:Bl1IkSteel Treating Co.
1230Moome N.W.
Grand Rapids. MI 49505
616458-1414
Fall.: 616-458-6868

Haunl Richmond Inc.
2800 Churle.s City Rd.
Ricbm()nd. VA 232.31
804-231S-524I
Fa.x: 804-236-5284
Hell! T-rcat Corp, of America
1120 W. 1191h St.
Chicago, 1L 60643
773-264·1234
Fax: 773-2ti4-4321

Heal-Treating Inc.
1807 W. Pleasant SL
SpringGeld. OH 45506
513-325-3121
FlU: S 13-325·3111

Heal. Treating Network
16600 W. Sprague Rood, 11215
loveland, OH 44130

440·243-8990
Fi!X: 440-243·8992
E-!!lmJ: /,samf!.l@aol.com

Heal Treating Services COfJl.
217 Central Ave.
Pontiac •.M! 4834.1
810-85&·2230
Fu: 810-858-2242

Hi,TecMemI Group Co!pom!e H~
(see also HT'G)
1101 • 55th St.
Cleveland, OH 44103
216·881-8100
Fill!.:216-881-6811

Hinderliter Heat Treating Inc.-AlIlI.hit>im
1025 III. Pauline 51. -
Anahl!im. CA 92801
714-776-8312
fax: 714-776-&446

Hinder~lcr Heal Treating Inc.-Dallas
10530 Doric SL
DaUus, TX 75220
21.4-357-0394
Fax: 214-357-"0195

Hinderliter Rea! Tfe'!tlng Lnc.- Thrzana
18600 Oxnard SI. -
Tarzana, A 91356
818-344.{l216
Fall.: 818-609·9372

Hinderliter Heal Treating Inc.-Talsa,
1240 N. Harvard
ThI511, OK 7411.5
918-834·0855
F!!X:918-836-4162

HiT«bAero
Div. of Hi T«Metn.l Group
34800 Lakeland Blvd.
.EaJitlnke, Oll 44095
440-946-2280

_IFax: 440-946-2283
50 GeAR TeCHNQ~QGY

E-mail: IlIgil1fo@ap"-"'"
Web: W'If"Mhill!01lLIalgffJJIP.l:Dm

Hitech MetalllHgicai Co.
Di.v.of Hi lecMelal Group
7384 l'mdc SI.
San Diego, CA 92121
S58-58£>.7272
FUJI:858·586-7598
E-mail: hiw:h@hiJeclooelni.com
Web: v.rw".hiluhm~ral.com

Hi-Tech Steel T-reating Inc,
2720 RobetU Sf.
Saginaw, MI 48«11.
800-835-8294 or 517-753-1455
FiI.t: 517-753-2368
Web: ww.dliruhsleeLcom

Halcrofl
120Q1 Mark~1St.
Lh'tmla. MI 411150'
'734kSIIJ.1000
Fax: 734-59'1·6443

-1II!!lI: liIIl.x@h()l(roflcCORJ'
We:b: ...."' ....,holcro/l,C(}/f!

Horizon Steel Treating Inc.
231 Jandns Rd.
eliii)'. IL 60013
847 ·639-4030
I'll.>!: 847-639-1'981

mail: h"lll.l·!!)·SIOUr@hor11lQiI.com

HoIOburgb & Scotl Co.
5U4 Hamilton Ave.
Cleveland. OH 44114
216-432·5 04
Fax: 216-432·5861
E'majJ: rpc@horsbu'8~·SCOII.com
Web: ", ........honoo'8h:scorr.com

Houston Flume Hardening
2J 5 N. Jenkins St.
Houston, TX. 77003
7 13-926- 017
Fill[: 7 13-926-83 J 6
E-mail: Ju,usjlo~@tJjJLcom

IrIO Aerobnue
Div. of Hi TecMe.tal Gr:oop
940 Redna TemKe
WO()d]awn. OH 45215
SIJ..772-1461
FaJ!.: 513-772-0149
E·mail: Ilrgin/o@apk.r'el
Web: HlHI ... hitecmetalgroup. com

H11G Copper Brazing lndustnes
Div, of Hi TccMetal Group

I 2845 E. Ten Mile Road
W=. !lf148091
810-756-4900
Fu..: 810-756- 3463

mail: hlgjllfo@(Jp"-"~1
Web: ......"' •.hil~cm~Iall!rouP.com

HTG Commercial Induction
Div. of HJ TecMe!.l!1Group
4010 East L16th Stl'QCI -
Cleveland, OH 44105
U6,881·8100
Fax: 216-883-4322
E-mai.l: hrgsal~s@apk.l1I:l

lITO Hitech Aero Drvisron
Div. of MJ T«Mew' Grot.!p
34800' Lakeland Blvd.
Eastlake. OH 44095
440-946-2280
Fax: 440-946-228.3
Web: www.hil·ecm~lalllroup.com

Fax: 864-433.8233
&m.!!il: }lIgin!o@aploJe1
Web: _ .......him:fMlalgroup.com

lUG 1m.York
Div. of Hi T«Mew Group
1688 Fairbope Rd .. Bo~ 748
York, SC 29745
803-684.2548
Fa~: 803·684·9J87
E·l11!!il: hrgi,ifo@aPk.net
Web: www.hitecfllelalgroup.com

tiro Metal Methods
Div. of Hi TocMetal Group
260 Chenault Rd.
Frankfort, KY 40601
502.695-5700
Fax: 502·695.5702
E-mail: hlgil1f(J@ap"-II~I
Web: www.hjt~<"m..talgroup.com

liudapru:k Metal Treatin$-Elkhom
979 Kooprnen Lane
Elkhorn. WI 53121-2203
41.4-723-3345
Fax: 414·723-3152
E·mail:
gury Iwdupudmt!lalr~alj"ll.C()m
Wcl): www.1wd(Jpackme!all~aJing.com

Hudapad: Metal TIealing~ HIS.
550 MiLchell Road
Glend!!le Heigb~. [L 60139-2581
630-858-0505
Pall.: 630-8511-1313
Web:. """"".hudapacbM:tilitmuing.CO!7!

tluron MetalluJrgicai me.
12611. Haggerty Rd.
Belleville, MI 48111
248-452-2301
E·!rn!.il: hrsqi@aol.colfl

Hydro-Vac
Div. 'of Hi TccMetai Group
lJ n MMq!!clfc 51. .

Cleveland, OH 44114
216-4181-1656
fax: 216-881-1358
I!-mlIil: hlgill/o@apb1el
Web: .........'hilecllll!lalllroup.com

By.Vac Technologies lnc,

15701 Glend!!le Ave.
De!Joil. MI 48221
313·838·2800
Fax: 313-838-2802

IHS. WI l!!dm:!O!hcJm Co.
SOO9Rondo Drive

, 1'1. Wonll.:rx 76106
I 817-625-5577

FlU: 817-625-1872

Illiana Heat TreatingInc,
P.O. Box 1.466
Danvllle>,IU;1834·-1466
217-443.5418
Fo;: 217-443-5419

Impacl S!1!!lcgie Inc.
P.O. Bo> .531?
Clinton. /IIJ 08809
908.730-9163,
FM: 908-730-.8334

Induction tiealTreating Corp.
175 Tck Drive
Crystal Lake. n.6CW)14
815-477.· 7788
Pax: 8IS-477·7784
E-mail: ihlcorp@mc.1ILI
Web: www.ihrcorp.com

l1lduruon MeIa.ITreating Co.
I P.O. BOll 748

York. SC 29745
803-684-2.548
FlU; 803-684-9387

!ITG IMT·Duncan
Diy. of Hi T«Melal Group
23·5 Commerce Court
Duncan, SC 29334
864-433-8231

Induction Services Inc.
241100Mound Rd.
WIIlTClI. M148001
810-754-1.640
Fax: 810-'754-5402

IndUd.obe!!ll·ne.
31251 -I,A,fis Dr.

hdlMo!! Helgbts,lifll 4IIlI71
248-585-9393,
Fu: l4S·5B9-106l'
E-mail·: lIl.ayloritindllcwlu-tlLcOII!
Web: "'"' ....illlllU'toll~at."olfl'

Industrial Mew Treating Corp.
402 E. Front Sl
Wilmington, DE 19801
302·656-1677
Fu: 302·656-4370

1IllIl1: rliJec@lIOicenJ!l.com

Industrial Steel Treating Co.
P.O. Bo~.98
Jackson, MI 49202
517·787-6312
r/IJC: .517-781-5441
E-mail: swilcoK@'indnl.cO"f
Web: Mww. indstl.net

lndu~lri!!l Steel Treating l:nc.
3370 Benedict Way
H!!!Ilington Park. CA 90255
213-583-1231
1'9JI.: 213-589·1255
Web: III"'...:indusrry;MII'ISI

lntematlonal lnducaon Inc.
1~04 10th Ave.
Pon Huron, M I 48060
g 10-984-3803
F~lI::!I10-\l84-.38DI

[_.me.
1S633 Bellaire Highway
Bellaire. MI 49615
M6-S31-6660
Fall: 616- 53]..<6669
E·mail: Ijbal7l.aro@iol1a.com
Web: WIIIW.iona.com

Ipsen. lntematicnal=-Atmospbere
Products
984 Ipsen Road
Cherry ValIey ..1L 61016
g 15·332-4941
.f'u: 81.5-332-4995

mail: ~ales@aboripsen.CDm
Web: K"1'I"",:~psrn-,jnlej'1j,(jrIOtUJLrom

IP""n Inlmliluooal-Vacuum Products
984 Ipse!! Road
Cherry VaJley.lL 61016
815-332-4941
Fax: 815·332-4995
IS-mail: sales@abaripse1!.com
Web: www.ipsen-intemational.com

Ironbound Heal Treating
304 Cox Street
Roselle, NJ 07203
908·;24S-07I7
Fax.: 908-245-6255
Web: M'.. ...,.ibht.com

Irwln Automation Inc.
715 level ..nd St_
Green berg, PA IS6{lI
724-834-7160
FlU.: 724-1IJ4..4670
E·mail: jai@we~I ..l.rom

mailto:hiw:h@hiJeclooelni.com
mailto:hrgi,ifo@aPk.net
http://www.hitecfllelalgroup.com
mailto:hrsqi@aol.colfl
http://www.ihrcorp.com
mailto:Ijbal7l.aro@iol1a.com
http://www.ipsen-intemational.com


Fassler H S-1 00
Diamond Broaching Machine

______ ICOMPAN-y INIDEX _

Jasco, Heal Treating Inc.
75 Moeedon Center ROId
Fllirpon. NY 14450
716-388-.1040
FIlX! 716-377-7226
E-mail: jagpilu@aoLrom
We'D: WW'fttMl!mo.COm/juscw

JCS iE.nsjoecring &: DcvelIJlX1ll!'nl
211, W. 22Jld SI.
Hi&IWI. FL 33010
305-&88-7911
Fax: 3O~-888-9913
E-mail: gcory@ibm."I!/

John 'V. Patera Co.
4225-35 /\dams. Ave.
PbiladclpJUa. PA 19124
215-533-8988
Fu: 215-533-9210

K -- ----

Kowalski Heal Treating Co.
36111 Dclroi! Ave.
ClevdllJld. OIl 44113
216-631-1144
F.x: 216-631-,892,1
E-mail: ,ththeQ,!@oo/,rom

LA} EastlLascr Applications. Inc.
I !10 BlISiness Puikway S.
W~ler. MD 21157
410-857-0770
FlU: 410-857-077 ..
E-m.l.i.I': tasl!r@lilico.C'OIII
Web: .........,.laico.cam

We Counl)' Steel Trutil!g
960 AniID
Antioch. IL 60002
1147-375-8174
FIX: 847-395-7638

Laser MadliniJ1g. Inc,
500 Laser Drive
Somerset. WI S4025
715-2"17-3185
Fu: 715-247-56.50
E.mail: mil!s@tasmflllchlllillg.com
Wr.b: ..... ,,·.iasl!nrwr/rillillg.C'OIfI

La~!!Ce [nduslri." Inc.
2720 . 'Comhusker A;w;.
Ii tinS"- NE 68901
402-463-3158
Fu: 402-463-'1128
E-mail: M./{N1rts@1:dsi1lLl

Lindberg Heal Treating-Berlin
67S Chri tian Lane
Berlin. CT 06037
60-225-7691

Fax: 860-229-3891
, Web: ..... ...,.1indbuglu.com

Undberg Heal TieB1i.J!g-[)aIlp
2727 Ruder SIRd -
Da.llA:s TX 75212
214-638-8718
Fn: 214-634-9304
Web: www.l~rghl.com

Lindberg Heal. Treating---,Eden I'nirie
10150 Crosstown Circle
Eden J'njrie. MN 55J44
612·944-5500
Fn: 612·944-&847
Web: _ ...~lindJKrghl.Com

Lil!d.berg Hdll1'rt3Iing-HOWI!o.!!
4201 R~ SlICe!
AllUSIoo. TX 77009
713-691-'1544
FlU: 713-691-1923
W~b: "", ....liltdlMrgltr.cam

Ll ndberg Heal 1'realil'lg-t.an~lng
2127 Wesl Illow Streel
Lansing. MI 48917
517-<187989
Fu~517-<181-1628
Web: www.lindINrglrl ..com

Lindbel1! Hc;~llfeatiDg"":Mclrose Park
197~ Ruby SI_
Melrose PlIrk. IL 601,60
708-344-40&1
FiD~ 708- 344-40 1.0
Web: ",........ilJIdMrglti.t:Om'

Li..ndberJ; H~ Treati!lll- ew lkrtin
16161 W. R.,gers Dr.
New Berlin, WI. 53151
262-782-5553
Fax: 262-782-5660
Web: ..._lind~rgltr.eo",

L.indbcIJHcar Th;a!in-Racine
42]0 ~gw Ave.
Racine. WI ~l402
262-681-4280
Fu; 262-63~-571.9
Web: www.lindMrghl.com

Lindberg Heal Treating-Rancho
Dominguez
5 15 Wesl Appa Stnocl.
Rancho IDomin~z.. CA 90220
310-604-8000
F'u: 110-6(),1..9545
Web: •••...... I'ntfbo:ghl.cOlll

Lindberg Heat 1'reati.ng-ROC~Sler
620 Buffalo Rd.
Rochester. NY 1,4611
716-436-78~6
Fu: 716-436-5276
E.mail: II.r~rI!r@ll.ndMrglrl.com
Web: ........!I'~rghl.c"m

Lindberg Heoll'rcating-Rosemon1,
,6133 N. :Riv~ IRoad. Suite 100
Rosemont, IL 600 18
1147-823-2021
Fax: 1147.823-0795
Web: .....,... Ilndberghr.rom

Undberg Hcal Trwing:-SL Loui
Ii,SO, Taylor Aile.
Sl. Loo.ls. MO 63147
314-82·6200
Fu.: 314-382·3741

i Web: II!,ww./;ndbl!rghl.rom

Lindberg !H't-lll Trcating-SlI1Ila Calarina i

BI¥d. Indu Iriales del: Ponieate .
Km 19.iDcpartameDIO 1.00
Santa Catarina. NL.
Mexic<l C:i'. 66350
(52) 8-388-1798
Fax: (521 8- 390-4296
Web: 'lVM'M.JiJtdJxrgM,,_

LLndbe!'g Heal Tteati:n- 1011
6111 Codtmi Road
Solon.OH 44139
440-248-4000
Fax: 440-248-95 IS
Web: "",,",.l!nd~rgh1.com

Lindberg HUI TruJing:-S1U1!Il!:\'aIl1
7316 1J:lurm!d A\'ellDe
S!!!neVI[II. WI 53 m
U:i2-S54· 1"'0
FIIll: 262· 54-:9733
Web: I'IWW.liJtdbI!rghuom

Fassler
Focusing on
Hard Broaching!

This unique Fassler
HS·l00 reciprocat-
ing hard broaching
machine sets itself
apart by having a
high performance
procedure in the
ma chining of sur-
face hardened intar-
nal profiles. The
process is a pre-
eisa and very fast
production method
of removing heat
treat-ment distor-
tion of internal
splines, key-ways or polygons. It can also be used as a reclaiming or
salvage procedure that eliminates the nsed for hand lapping of inter-
nal involute or non-involute profiles.

MA'CIUNE fEATiIJRESi.ANIl AIlVA'NJAGES:
• Vertical axis with a short diamond broach.
.' Automatic cycle',
.1nexpensive short broaeh
•. High process reliability and quality.
• Simple loading and unloading, manua'ior automatic available.

t'H_WCTERlmCS OF DIAMONO BRQ'ACHED IPROFILES:
o Integrity of dimensional accuracv.- -
• Lncre8sed load carrying capacity.
• Functional:assembly maintained.
• Surface finish {texturel 01profiles very high.

Fassler
Fassler AG,
Ri~gstraSie 2D
CH-8600 mlbendorf
Switzerland
Pltone: I0114111..f1J2.,as-211
Fu: 0111-411-802-35'"991
Web: www.tIesSIer-ag"dI

F~ssler Corporatio
13~W. layton Avenue
Suite,308i
Milwaukee" WI'5J207
Phone: (414) 769-0012
Jia.x: 1414)7&9-8610
E~Mail:flllsI8r@8x8cpc.com

Fassller makes good qears bett,er1-
",'AF\CH,APRIL 2000 '51

http://www.lindINrglrl
http://www.lindMrghl.com


_------------,COMPANN'INDEX-------------
Lindberg Heal Th:a1ing-Tulsa
4208 SoullJ 7411\'ll\venue
Tulsa. OK 74145
9.18-627 -1324
Fax: 918-627-0003
Web: WWK!.IiJldbel1lhl.(;om

Lindberg Heal.1r!e!lli!!g~Wa!erliury
130 Huntingdon Avenue
Wa!erbury. CT06708
203-755-9119
I'M: 203-577-0521
Web: www.UIldbr.rgliut.lm

Lindberg Heat Treatlng-« Wichita
WOOSouth Wesl Street
Wichilll. KS 61213
316-943-3288
Fax: 316-943-:Kl25
Web: 1.,...,.. ;Ii~rghuom

Lindberg Heat 1're ling- Worcest"r
284 Grove Sired
Worcester. MA OJ eos
508-754- 1724
F!Ut:508-791-0816
Web: www.lilTdberghl.com

M & M Heal fu.ul
1309 Main si,
Essexville, MI 48732
517-893-36n
Fax.: 517-893-4423

Macdbui Probe of America
9300 Pinecone Orive
Mentor, OH 44060
44(].. 350-0400
Fax: 440-350-0047

Magnum Metal T!'e!!Ling
4400 N. Frazier 51.
Conroe. TX 77303
713-353-8615
FaJl: 409-856-6607

Mlm!I:ing~ I1.S.A.
200 Richards Ave.
Dover,J' 01802-0896
800-447-4413
Fax: 973-537-1581
E-mail: so/es@rnall1liJigslL<lLcom
Web: www.l7IQl!I!illgfllSa.com

Master Hell! Treating Inc.
51 Brown Ave.
Springfield. NJ 07081
201-379-7320
Pax: 201-379-3214

Merit Gear Heal Treal
P.O. Box 486
Antigo, WI 54409-0486
715-623-2307
Fax: 715-627-2032

Metal Improvement Co.-Addison
678 Winll\rop Avenue

, Addison, 1L6010I
, 630-543-4950

Pax: 630-543-8075
Web: 'WWM~ "1t!l:alin1prollement.com

Metal Improvement Co.-Blue Ash
11131 Luschek Drive
Blue Ash, OH 4S24.1
5 13-489-64&4
Fax: 513-489-6499
Web: ....WiI!,m~I(JlimprolJ.i!mt:nt.CJJm

Metal Improvemcm Co.-Bramplon
105 Alfred Kuehne BIYd.
BramplOO. Ontario l61' 4K3
Ca!!ad.!!

'52, GEAR T CHNOlOG'If

905-791-soo\!
ax: 905-791-1490

Web: ..... IW.meraJlmpro..'t'm~nJ.com

Metal Improvement CO.-Carlstadl
472 Barell Avenue
Cwls!adt.· J 07072
201-935-1800
Fu: 201-93:5·8670
Web: """""mt!lalimprowm •.."I.com

Metal. Improvement. Co,--Char'loltc
500 Spring Brook Road
Charlotte .. NC 2821.7
704-525.3818
Fax: 704-525-3\1 g
Web: WWMo:mt!laJimp~mtlll.com

Metallfi\proveme!!1 Co,--Cotumoos
1515 Universal Rd.
Columbus. 08 43207
614-444-11111
Fax: 614-444-042J'
Web: www.me.ralimpmvtm~.nl.com

Metal Improvement Co.-Emigsville
210 Emig Road
P.O. Box 23
Emigsville, PAI7318
717-767-6757
Fax; 717-764-0129
Web: www.mtlalimproveml.m.com

I Metal Improvement Co.-{Jritnd 1?rnirk
1450 Av.nue S
Grand Prairie, 1'X 75050
972-641-8011
Fax: 91p660-3692
Web: ""·'Rmt!laJimpro'llffllClIl.cam

Mctallmprovemen! Co,-Uoustoo
9410 ,Easl Hanly
Houston, IX 77093
71.3-691-0257
Fax: 713-691-4744
Web: www.mt!lalimprrwt:ml.tll.com

Metal Improvement Co.
I 16 Soull\pad:: Ret
Wayene, LA 70508

I 318-837-9213
Pax: 318-837-2505
Web: www.mt!lulimpm~mrlll.eom

Metal Improvement Co.-I.ynwood
25gB-A :lndus!Iy Way -
Lynwood, CA '90262
323-563-11533
Fax: 323-563-2105
Web: WM!'.mt!Ia1imp"'~mcnl.£'om

Metal Improvement Co.-Maple Grove
8630-A Monticello Lane
Maple Grove, MN 553159
612-425-2400
Fax: 612-425-4669
Web: 1W'A"".melalimp""~~nwlll.C;Qm

Metal :tmprow:mcnl Co.-Miami
1940 N.W. ,,(JIb AvellllC
Miami. FL 33126

1 305-592-5960
Web: """,",m~llllimprove"""IIUQm

Metal Improvement Co.-MHw8ukee
8201.,N. 87th St.
Milwaukee, WI 53224
414-355-6:119
Fax: 414-355-911<1
E-mail: m~t"limp@at!cpc.'7om
Web: ....ww.metalimp.rovf:1I'U·1ll.c;om

Metal Improvemenl Co.-F'hoem
103 S. "I &1 Avenue
I'hoe:ni", AZ 85009
602-278-2811
Fax: 602-278-3911
Web: _._.raJimp,ro~_Ill.c:om

Metallmprow:mcnt Co.-.RlKIlUlus
30100 CyJnss Drive
Romuli! ,M148174
734-728-8600
Fax: 734-729·8605
Web: www.m<llQlimproveltli!Jlt.com

Metalimprovemcl!! Co.-SBDUI Ana
215180011\, Hathaway
Santa Ana. CA 92705
714-546-4160
Pax: 714-546-8643

I Web: w-ww.mrralimprovt:melll.com
MetalImprovement Co.-1'winsw.rg
1652 E. Highland Road
1'winsb!!!g: OM 44087
330-425-1490
fax: 330-425-1494
Web: _._lalimpro~l!I.com.

Metallmprll\'1'ment Co.-Vernon
3239 Easl 4611\St=I.
\bnotJ. CA 90058
323-585-2168
Fax: 323-585-01 57
Web: .www.mt/alimprovemt!m.com

Melal Imprcvement Co.-Wakefield
One Nab[us Rood
Wakefield, MA 01880
781-246-3848
Fax: 78 1-246-4S2 I
Web: '....w"I.IJli!lalimpro ... m~"I.CQm

Metal Improvemenl Co.-Welliogton
440 NQ!'\h WC"I Road
Wellington, KS 67152
316-326-5509
Fax: 31,6-326-0043
Web: www.mI!la/imprtWtmJ:[IJ.com

Metal Improvemem Co.-Wesl Babylon
195, Field Street
West. Babylon, NY 11.704-1499
516-694-8770
Fax: 516-694-8775
Web: www,_lali!lt{1rov~meIlLcom

Metallmprovemenl. ,Co.-Wicllill!
1019' S. McLean !Blvdl
Wicl!illl. K.S 67208
316-267-6264-
FIIlI: 316-267-7904
E-mail: micw520@ ...orldnet.att.ner
Web: _m~ID/improve_"l.com:

Me1l!l Im:provc!J!!ID1 COo-Windsor
145 ddOOn Rood
Wmdsor, cr 0609S
860-688-620 I

1 Fax: 860-285-8809
Web: www.metalimprovemel1l'.c(II7!

Metal Methods,
260 Chenault Rd.
Frankfort, KY 4060 I
502-695-5700
Fax: 5<12-69'5-5702

Metal ~Jng ICo.
3257 N. 32nd S1.
Milwaukee, WI S3:U6
414-871-9010
Pax: 414-871-3910

Metal Treaters Inc,
859 N. Prior
St Paul, MN 5S I04
651-646-1317
Fax: 651-646-7705

Metal'l'reating Inc.
1575;W. Pierce 51.
Milwaukee, WI 53204
414-645-2226,
Fax: 414-645-9118

MeIAI Treating &. Rcsean:b
1680 E. 69!b Ave.
Denver, CO 8m29
103-286-9338
Fax: 303-2.86-9366
E-mail.:anlllJltllr@dim~llSiQIILJI.COll1

Me!allwgieal Inc,
'900 E. Hen.ncpin, Ave.
Mjnoeapoli£. MN SS4!4
612-378-1500
Fall: 612-378-0462
Web: _.Mel-MN.coffl

Mctallu.rgicw ProcessIng
P.O. So:\ 10842
Fon Wa.Y!le, rN 46854
2.19-423-169'1
Fax: 219422-2656

Metals Eogineering Inc.
1800 Sooth Broadway
G=n Bay. WI' 54304
414431·7686
Fax: 414437-7681

Metals Technology Corp.
120 Nonh Scb.mile Rd:
Carol Stream.Il. 601811

; 630-221-2500
Fax: ,630-221-0120
E-mail:
meCaUlf!t:M%gy mllld.Jpring.com
Web: www.me/(.lLf.rUMtI/tltly.com

Metal-Tee Heal Treating Inc.
4723 W. Station St.
Eighl .MiJe. AL 36613
334-456-1133
Fax: 334-456-:11 34

MetJabCo.
1000 E. MCTllIllid Ln.
Wyndmoor.PA 19038
215-233-2600
Fax: 215-233-5653
E-mail: ml!llab@ woridnet.att.net
Web: www.llw.mtlSrqiIrl!.r.cl1~rlabl

1 Metro S!eel 'lkaling
9792 GrinneD
Detroit, MI 43213
313-921-55.22
Pax: 313.0921,-0363

Mel-Tel I'ne.-Clackllnwl
IS65.1 S.E. 1251h CI.
Clackamas, OR 97015
503-1536-3203
fax: .503-655-6898

Mel-Tei lnc.-RIICIM
1800 Melvin Ave.
Racil!e, WI 53404

1 414-639-8357
Fax: 414-639-7152

Michigan Flame Hardening Co.
224 I :Bellingbam
Troy, M148083
8,10-689-3737
I'ax: 810-689-0680

Michigan Inductioo Inc.
8468 Ronda Dr.
Canton, MJ 48187
313-459-851.4
Fu: 313-459-8795
B-ll!l!il: minwlef' Qto,.Ji~com
Web: ·www.michillan-illduclion.com

Midland Mcllll TrealinB Inc.
5:512 W. Airways Ave.
franklin. WI 53132
414-421-5140
Fax: 414-421-2360
E-mail: midmetillUntili:snYNI

http://www.lilTdberghl.com
http://www.l7IQl!I!illgfllSa.com
http://www.mtlalimproveml.m.com
http://www.mt!lalimprrwt:ml.tll.com
http://.www.mt/alimprovemt!m.com


______ COMPA!NY IN!DEX _
MIdwesl. f1amc HanIcning Ioc.
500 W. I,SWl Sl
&u Chicago. IN 46312
219-397-8423
Fax: 219-397·8480

Mid_~m Machine')'Co.
902 I 4th. S\reCI
Joplin, MO 64802-2214
417-624-2400
Fax: 41Hi24-2430
Web: ..... "".mwdriIL«IM

Mod_r!! lIndustrks 11K:.
'1i1J Wed UIh L
Erie, P, 165U
814455-1061
:FIIX: 81,...S4,-3090
1E-lIlIIll:d'~DnIss@mi..erle.oom
Web:: _w.miee~,

Modem Metal Processing Inc.
3448 Corwin RdL
P:O.IBo~ 22
Williml5lO11, M1 4&895
S17-6S~
Fax: 517·655·3795
E.,maiJ: mmp@Qt:li.Rl

Modem SII:el Treating
Div. of Hi TecMetal, Group
2891'0 kell!nd Blvd. -
Wickliffe. OH 44092
44O-943-4SS5
Fax: 440-943-4730
E.mail: h11lin[o@apjr.M'
Web: ..........hil«mL/lJJgroup.ctHft

Molan Geu &. Shaft
335 'E. Illinois Sl
Palatine. IL 60067
847-259-3750
FiIJI: 847-705-8349

Mounlllin MctalJu:rgiC<d Corp.
P.O. BOll:46Q
Elimbdllloo. TN 37644
423- ~'13-7212
Fax: 423-:542-3519

MPT AmeriCl!
27:525 ewlWl Ranch Rdl. Uml "
"'alenei .. CA 91355
805-257-1933
Fax: 805-257-1936
E-mail: mpl-j~@p&llma-fl.ilrith:.com.
Web: www.plruma-ttlrrldl!.c:om

.110---' B_ o,
11500 Twenty-1b--'ft 'I II! Rd.
Maromh, MlI48044-UOl,
810-.26J..OIOO
Fu! In -l63-4571
E-nutlJ: IDIftlJIisd@,."~gprodnIJ'.l:o",
Web: www.redringprod.J;cl£.com·

National TndlJeuoo 'Healing
630 E. Ten Mile Rd_
Hazel Pan:, MI48030
8111-:547-5700
Fall: 8111-:547-5702

N!lliooU Me!!!! ~Ll!g Ioc.
450N. IillAve.
P.O. Box 280
Richmood, KY 4041/H128O
606-623-9291
Fax: '606-623-9291
E-lIlILil: NSGro!la@l1ol.t:om
Web: _"mp/u!all~Quom

elUtion SI«I Treating
Diy. or '1'11, "fecMetal Group
1371 E. 4SIlI si,

CleveLmd. ON 44103
216431-9590
Fo.: 216411-9591
E-mail: hrgi'lio@apk.1It!1
Web: ..,.."".hltt!CtnrralglVup.com

Nil.!ft Metal "echoolog~ Inc.
-Burlington
4211 Mainwuy Drive
B!!I"lliIg!oo. On!ario L71. SN9
,~
'905-319-9258
F : 905-319-9260
B-1IlILi1: Mllbw,/1ilI _,.Idchar.oom
Web: """"'.niln!LCOM

Nlu-ex Metal Technologies Inc.
-Mason
822 Kim on,e
p,O. ,Box 155
Mason, M1 48lI:54
517-676-637
fu:: SIHi76-6427
E-mail: \!Iilrutil •.Oyag~r.1!I:1
Web: -....JIin=Cflr!I

Nitrcx Metal Technclogies Inc.
-St.Louis
3474 Poirier Blvd.
St. Uun:nl Qgebe( H4R 2JS
canada
514-335-7191

NilroltlC Surfa..-e Engineerin -Warren
IDiy. of Hi TccMelAl Group -
2ll4S Ten Md~ Road
W_. Ml4!!091
810- 7564900
Fax: 810-756--'463
E·IIIIIil: hlgi!f/o @aplc.,,~r
Web: www.hil.cCIrII!llllgrollp.com

Nitrotec Surface Ellgineering- WickHffe
Div. of Hi TecMelal Group
28910 ILakeIa!!d Blvd.. .
W'te.kliffe. OR 44092
4AO-943-4S5S
Fax: 440-943-4730
E.-mail: hlgin[o@aplu'I!1
Web,: _"I4!Jtj_Ullg1Ol{p.CU-:m

NiIJ"O-Vac Heat Treating Inc.
23080 Dequindre .
Wam:n. MJ 48091
810-154-4350
FI!X: 8111-75+5195

Nitron loc.
26WeUman Sr..
Lowc:Il. MA 01851.
508-458- 3030
Fax: 508-4.58-3131

o &: W Heal Trw Inc.
'ODe Bidwell ,Rd.
S«!th Wmdsor, CT 116074
86(1.S2MJ2.39
Fax: 116G-291-9Q39

'OakImd Mca.I ~II Co.
4SO Derby Ave.
,Qak.land, CA 9460 I
S10-261-9675
Fu: 510-261-51:118

.ohio Metalhlrgic-a1 Service
1033 Clark SI.
EI:yria, OH 44036,
216- 365-41 05
Fu: 216-36S·9~27

GROUND ,GEARS - 'Ten' 01 Ten fhouSB'nd
For small! to medium Quantities 01 spurs or hellcals that nave to
meet close-tolerance AGM_Aor DlNI specs, our Hslshauer grinders
and M&M gear analysis systems. are the perfect combination.

For Long 'runs, we offer the unique Liebherr CBN grinding
process with full SPG quality control and documentation.

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

G. IPHON1::1978-448-6368,
IFAX:. 97B~44B~5t55

. ._ _ WEB: nscocorlP.comm-co 412 Main Street. Groton. MassachusstJs 01450
CORPORATION

ISO 90011 IR8giSUl'tld

,CIRCLE 1!48

• 01.. Gear Hobbers, :Shapers, Grinders and l.. --.J

Inspection Machines
• Re__ ufacture/RetroRva ....b Iidl

of Your Barber-Colman Machines
• Parll/Service/IRepaD' of Your

Bareer-Oolman, Bourn '& IKoch Machinery

I_QUIRn
1&1...01:1 ....
maa-nne TOOL r:o.

2500 'i<lshwBukJ 8 St
ROCklord. IL 61104
pn_ (815) 865-4013
Fo (815) N5-Q011I
&mail bOI.lIllk«hOWO!'ktlel.a1!.neI
Wei! SIIe www.bourrH.gd.I.com

CIRCLE 144
Ii! ",,,,e HI'" P R I L2000 53

http://www.plruma-ttlrrldl!.c:om
http://www.hil.cCIrII!llllgrollp.com
http://www.bourrH.gd.I.com


_------------ICO.MPA-NY INDEX II. _
One Cryo [nco
8549 Parklin.e Blvd. Suile C
Orlando. FL 32809
4111-856- 1455
Fax; 407.856-0244
E-mail;saJes@oMcryo.com
Web; www.OMcryo.com

Oregon Inductlon Corp,
911 N.W. East Wmd Dr.
i!OOtdaI~, OR 97060
503-661- ,1123
Fax: 503·661-1333

P'& L ,He!II Treating & Grinding
: 313 E. Wood St
I YOO1Ig5tOWll, OH 44503

216-746-1339
Fax: 216-746-7029

Partek,Luboratones Inc.
225 S. Hollywood :Rd.
HOIIlIllI"LA 70360
504-85 :1-5310
Fax: 504-8S1-5312

Paulo I'foduc Co.-B~'5emet
705 N. 22nd SL
Bessemer. AL 350C!0
205-428-1294
Fax,: 205-425-984 I
E-mail: GM'asScey@paulo-IU.t:vtn
Web; www.pa¥lo.com

Paulo Produets Co.-Kruuas City
4827 ClKlsea
Kansas Cily, MO 64130
816-861-7500
Fax: 816-924-7300
E-mail;DCoulis@p{wlo-u.r.com
Web: www.paulo.com

Paulo ProdlJCl.S Co.-Memphis
1540 C1mnnel Ave.
Memphi., TN 38113

I 90'1-948-5523
Fax: 901-948-7501
E-mail;DK~"..id@pa ..lo-us.com
Web; www.pauJo.com

Paulo Products Co.-Murfreesboro
1307 Rutledge Ave.
Murfreeboro. TN 37129
615-896-1385
Fax: 615·89:5·9613
E-mail: J:J~nkiru@paulo.U3.com
Web: ..........pauto.com

I Paulo Products 'Co.-Nashville
3206 Ambrose
Nashvilje, TN 3710'1-3206
615-2211-2526
Fax: 615-2211-2734
E-mail;EPjrommer@paulo.com
Web: www.paulo.com

Paulo ProdUCIS Co.-SI. Louis
:5711 W~! Parl;: Ave.
SI. Louis, MO 63110
314-647· 7534
Fax: 314-647·7518
E-mail;saJlts@paulo.com
Web; _.paulo.com

Penna Flame Industries [nco
RRit3 Box. 14B
Zelienople. PA 16063
412-452·87:50
FlU: 412-452-0484
E-mail: jorr@pennujlome.com
Web: 'ww....pennujlome.cam

54, (lEAl! TECHNOLOGY

Pennsylvania Me!aHw-gicallnc.
315 Columbia SI.
Bethlehem, PA 18017
610-691-1313
F!!l~610-691·2662

Peters Heat Treating :11IC.
215 Race SI.
P.O. Box 624
Meadville. PA 16335
814-333-1782
Fu: 814-333-2533

Phoenix. Heal Treating Inc.
2405 W. Mohave
Phocnil. AZ 85009
602·258·7751
Fu; 600-258-7767
E-mail: info@phxh~OlfEm.com
Web: ww ....ph.x.healfEat.com

PiliI!!' Industries
21905 G<!!eWay Road
Brookfield. WI 53045
262-317-5300
PIU.: 262-317-5353
E-mail: salcs@plliar.com
Web: .www.pillar.com

! Pill- Tex Inc,
zo, Box [(19
Latrobe, PA 15650
412-537-2009
FlU: 412·537·2140
E-mail: Pia· T~@prodi8ynel

Pfccisioo liealneating Corp.
2711 Adams Center Rd.
Fort Wayn.e. IN 46803
219-749-5125
Fax: 219-74Q..{1I08

Progressive EngJooerina Co.
20110E. Main Sl.
Richmond. VA 23223
804-648-7221
Fu;1I04- 78(). 2230
E.mail; .Ull~.r@p«gltars.COI!t
Web; www.pecgtors.com

Progressive Steel Treating Inc.
922 Lawn Drive
Loves Park. IL 61111
815-877-2571
Fax: 815-877·7922
E-mnil: prosleeC/@aoi.com

- - - Q -
QM Technologic.
3701 Hawkins SI. NE
Albuque:rql1c,. NM 87109
S(}5·342·285I
FaA; :50,5-342-21152
E..maiI; tWI~m@qminc.cOff!
Web; www.qmilK..mm

Ql!Iillty Heal tklmologies USA
920 E. State Putw.),
.ScllaJDI1borg, IL 601.73
1W7.490-I0!12
Fu: 847-490-1%2.8
E-maIl: jpol!i1allsZ@lTuuli~lle!lIU!1a·.com
W~b: 'w"'w_tplaliJyht:ahj£(J.~om

'Racine Hear i'mlljns Co.
l21:58!h St.
Racine, WI 53403
414-637-9893
I:'wt: 414-637 -9854

Radyne Corporation
2.11 W. Boden SL
Milwaukee, WJS3207
414-481-8360
Fax; 414-481-8303
!>--mail: .aJ~s@rad ....Il!.com
Web: www.radyn~.~om

Rebco
2769 Sundra Lane
P.O. Box 375
JeifC'I'SQ1I. 01:1 44047
440-215-3075
Pax: 440-275-J~75
E-mail: Yl!b..el@c omp ..serve.com

R~!!> Engineering Co.
555 W. 16th SL
Indiunupolis. IN 46202
317·635·6311

RichIei' Precision Inc.
1021 'Commercial Ave.
East Petersburg, PA 17520
717-560-9990
Frut: 7\7-560-8741

ROboducUOD Tbennal Processing
P.O. Box 5090
Southfield. M148086
810-356-2577
Fax: 810-356-3989

Rochester Steel Trearing Works
962 Ensl Main Sl
Rochester; NY 1.4605
716-546-3348
Fax: 716-546-1684

Rotation, Products Corp.
2849 N. Catherwood YC.
Indianapolis, IN 46219'
317-542-8563
Fax: 317-542-1171

Sea! Forge
8001 Win!! Rd. Bo:\ 8
Spring Grove, IL 60081
847-~87-IOOO
Fax; 847-587-2000
E-mail: saie5@scoiforge.com
Web; scoiforg~.com

Sbunafell M aIIufac[!l.ing. Co.
2633 Winfield Way N.E.
Canton,OH44705
21,6-455-031:5
Fu; 216-455-4487

Shore MelJJ.lTreating Technology Inc.
5475 Avian Park Dr.
Cleveland, OH 4414,)
216-473-2020'
Fax: 216-473-0947

S.K.S. Heal Treating Inc.
32116lndustrial Dr_
Sagi!taw. MI 4860 I
51.7-177-0270
Fill!.: 517-777-0273

Solar AlmOSplK:re§Inc.
1969 C1carnew Dr.
Soodcrton. PA 18964
800-341·3236
Fax; 215-723-6460
E-mail: i"/o@solamt,,,-com
Web: .........'.so/ar'lIln.com

Sonee Heal Yn!3ting Corp.
3900 N. 31s1 Ave.
Phoenix. AZ 850,17
602·277-4757
Fax: 602-230-7811

I Southeastern Heat Treating ,Inco
10 Old Shoals Rd.
- rden, NC 28104
704-684-4572
Fax: 704-684-5982

Specially Hear Treating In .-Athens
105 W. Sanderfer Rd.
Ail!ens, A~ 35611
205·233·1147
Fa~: 205-232-:5595

Specially Henl Treating. 1n.c.-EIklw'I
I 55226 C.R. 1 N.

Elkhart. IN 46514
21.9'295-2491
Fax: 219-295-1752
E-ma;I, mtJrlJL'g@sbt.infl."~1
SpeciaJmyHem Treating I~.
-Grand Ropld~
3700 Eastern Ave. SE
Grand R~idl;, M149508
616-245-0465
Fax; 616-245·3060
E-mail;spheminc@aol.com

Speeilllry Hea! Treating. Inc. _ oU.and
3270 John F. Donnelly Dr.
Holland. MI 49424
61.6-399-6880
fax: 616-399-7:504
E-mail: spechllt@acclLorg

Speciany Steel Treating
-ParminglrOn Hilli
31610 W. Eigbt Mile Rd.
Farminglon Hills. MI411336
248-478-5900
Fax; 248-478·96.26

Specially Sleel TreaUJIg-FnL'iCr
345O! CGIlIIIXn:C Rd.
Fraser, MI 48026
810-293-5355
Fax; 810·293-5390

Sial" Heal Treat Inc.
520 32nd SL. S_IS.
'Grand Rapids M1 49548-2304
616-243-0118
Fax: ·616-243-6337
E-mail; rJwIW)'@isen'.n~r

Sled Treaters.. lee.
100 Furnace SI.
Oriskany, NY 13424
315·736- 081
Fill!.: 31S- 736-8849

Sun Steel Treating [nco
5:50 Mill SL
.P:O.. Box 759
S. Lyon. MI48178
877-471-0844
Fax: 248-437-3140
E-mail: In!o@.rullJile.dtrruring.rom
Web: 'M"WM'..SUllSl~~/t~a.ti",.("'om

Suncoast Heat Treat. Inc.-Orlando
316 S. flughey Ave.
Orlando.' 280 I
401-843·1145
Fal'/.: 407-422-3276
E"mail: brisdl.@milltlspn·lIg.t.Om
Web: wwwheattreatinc.com

Sunroasl Heal. Treat, Inc.-palm Beach
4215 Burns Road
Palm Beach Gardens, Fl. 3)410
561-776-7763
Fax: 561-622-3546
E-maiil:jnu:p.uk6@milllhpril1g.cottl
Web: _ ....'Iu!Qllrrulinr.cIHII

Suncoasr He!!!neat, Inc.
-Pompano Beach
3181 SW [SUI S~
Pompa"" Be;!Cil. FL 33069

mailto:E-mail;saJes@oMcryo.com
http://www.OMcryo.com
http://www.paulo.com
http://www.pauJo.com
mailto:E-mail;EPjrommer@paulo.com
http://www.paulo.com
mailto:E-mail;saJlts@paulo.com
mailto:jorr@pennujlome.com
mailto:salcs@plliar.com
http://.www.pillar.com
http://www.pecgtors.com
mailto:prosleeC/@aoi.com
http://www.qmilK..mm
mailto:saie5@scoiforge.com
mailto:E-mail;spheminc@aol.com
mailto:E-maiil:jnu:p.uk6@milllhpril1g.cottl


_________ ----COMPAN-YINIDEX --- _
305-968-6200
fax: 305-972-09'10
Web: .........:ht'ullrrulw.c:um

SIII1COII>I Hcat TreaI. :rnc.-Tampa
4704, W. Sou1b Ave.
Tampa. FL 33614
813-870-1510
Fax: 813-871,-3792
Web: ........ ,.h"uJ!rt!uJin .. cum

upenor Melal Treating
2S4O Indiana A\"e'.
K.an- Cily. MO MI27
8 ,16-924-1966
Fu: 816-924-3199

ma:il~ llrtru.e rru:n.com

Surface Combu.·;tion, Inc.
1700 Indian Wood Cilt"le
Maumee. OH 43537
419-89'1·7150
i'u: 419-891-71:51
E-IIl.IIiI: inJo@suJfocn:ombu.rlion.rom
Web: .........,.ur[aucombturion.c:otfI

Syracuse Heat Treati ng COI1'.
70SS InU!:l'SUl.!C IsIruK1 Rd.
Syrncuse. Y 13200
) I :5-451..0000
Fu: 3IS...IS1-3 'lS
, -mail: SJirlrl@"'orld~l.alL~1
Web: """r":SY!"IKUS~~(JIlrr;Cllil!lI.C:Qm

T. N. Wood ....orth Inc.
I600F:urow Sl
F-crru:lale. MI48:UO
8]0-S-I1-1960
Fu: 810-541-3!164

1'h<:nnal Braze Inc.
230Ju:no SI.
Jupiter, FL 33458
s61-74f>-66.1O
1"4.:( .561-746-7452

llY::mlIII Mctl.\l l1rea!.inSIDc.
P,O. Bo]C,367
314 S. Pine SI.

berdeen, NC 28315
910-9M-3636
Fax: 910-944-3280
E-mail: rmllitp.in~hum_ul'
Web: hlll':IIh_~.pj""hunl.""lIsrolT)'

1llerma1 1i"eallllCDI Center
0 ...t. of Hi TCi;Metal ,Group,
28910 I...ak:elundIIlvd.
Wickliffe. on 44002
~943455S
Fill!: 44O-94347lO
E-IIllIiI: hlgitrJo@apk.n~1
Web: ..... ,durt'cmLluiRroup.COfl"j

Thennel Inc.
203 Travis Lane
Woukesha, WI: 531119
414·~-9800
Fall: 41 ....544-5959
I"Aruul: 1~"""'@tJLolc_

1bermo EIectmn Metal Treating 01\.
'157:5 W. l'iem: SI.
MilWl!ukee. WI 53204
41 ,,·645-2226
Fu: 414-645-91111

"Thermo 1=1= Lui.
101 McCoy Cn:ek Dr.
Buchanan, M149'I01
616-695-6700
Fax: 616-695-6731

Tberm- Tech of Waukesha. Inc.
301 TiPis I.n.
W~WIS3HI9
262-549-1 78
Fax: 262-549·.n20
E-mail: jeuonK@nt!lSl11!.am.fII!r
Web: "_'.r~muec,h.n~l'

Tocco. Inc,
30100 tepbenson HVoI)'.
Madi!;(Jn Ilcigb M148071
1110-3'19-8601
Fo: 810-399-Mi03

'IncIec.h 'i'oc.
11405 1~l\.Dr.
Wamn. MI 48090
810-759-3880
Fall: 810-759-1645

neal All Metals Inc.
51 lID - . POI"! Washington Rd.
MJ1 .... uktt. WI 53217
414-962-2.500
FM: 414-962-4702
E·mail: dIIU r ®rre:alollm~f(Ji 's. co ...
We.b: ...1W....I1rMalimeral .C,JttI

Ttoj;m Hall Tt"Za1 rnc..
320 &.1 !'tWII SI.
Homer. - II 49~4S
517-568-4403
Fall: 5"·568-4435

ThrIOC Industries Inc.
4700 GB.1t'WIIy BI,vd_
Spo1iogfield. OH 45502
513-323-8833
Fax: 513-323-9192

-----u-----
Unive 111~ealTreating
3878 E. 93rd SI.
ClcVl:I:md. 01'1 411105
216-641·2000
fu.: 216-641-6703

fax: 734-729·3520
E·mail: jp ...mr@f1ol_com

Washington M'elnll'urgical Services
24117 6th Ave. Sooth
Seattle, WA 98134
2~622.fl960
Fu: 206-623-5045
E-mail: washm I ~rILu;n,-r t.net

Wohle:n Corp.
708 E. 'Grand R,\--e.f Aft.
I...ans:ing.MI 48906
517-485-3750
f\ax: 5]7-485·0501

Vacu BI1IE
1115I..owa" M'llI"I:IDillc Rd.
fall~iDgloo. 'PA 19054
215-736-9162
f:ax: 215-736-9343

w--- -
Walker Heal Treaung
Diy. of i:lJ TccMe:w Gl"OI!p
10601 Bngs Rd.
Ck'Vc11Uld. oH44111
2 16-94 1-m40
.FI!lI: 216-9.U-0031
E·mail: "tllinJo@apk..nsl
Web: ...........hir«,.1t;(algroup.coln

Wall Calmoooy Coq>.-M'1dison His.
lOUI SI~ HVoI)'-
MldiYlD Height .. M148071
24S-51!5-64OO
Fax: 248·585-7960
E·mail: ,,·,·c@wa/lC(Jimon(Jy.cam
Web: ........ , .. ·ullro{II'l(JlIOp·um

Wall Col!nonoy Coq>.-Oklahoma CilY
4700 s.a S9!h SI.
OkJabomll ity. OK 73135
IID5-672-I361
FaJI.:405-670-3763

Wear-Ever Surface Treating Corp.
14326 E. ine Mile Rd.
Warren. MJ 48089
IIIO-TI8-2330
Fa: 810-778.'l193
E-mail: .. ·ro.rrl.~r@ranhli..-Ir.. ..t.1

Wei Industries loc.
Metallurgical Services Division
'P.O. BQK 151
Mansfield. ou 44901
419·526-2480
Fax: 419·526·1158

Zion Industne»
6U9 Grafton RdJ.
Valley CII),. 01il44280
330-225-3246
Fa]<: 330-483-3942
E.mui.I: sfauch~r ;:l'CaJLcom

Web: \I.'Ww.~WLc",n

Weldoclioo Corpontioo
22750 He; Hp.Orive
NQvi. M14837S
248.735·2800
Fax: 248·735·2821
E-mail: we/d.I!@wrlducl.ioll.com
Web: ""',., ....-rlduC'lioll.c:om

ZYP COIIljngs. IDe.
120 Valley CoorI.
P.O. Box 2590
Oak Ridge. TN 37830
8bS-482-S7 17
Fax: 865-482· '1281
E-mnil: ill/o@":J'JK'JUrin/iLcam
Web: ..... ,...zyp,;ooli"Irl.COI'II

Western SIr"CS5IDc.
7523 Whilepinc Rd.
.Richmond. VA 23237
804-271-5441
Fax: 804·271·7692
E-mail: SI11!.J.f@(Joi.com

This dir,ectory also
appears, 'online at
www.geal1echnology.com
from Malch l-A,prililO.Westside Flame Hwdening Inc.

l8200 E'eculive Dr. onh
Weslland. MI -IS185
7)4·129'·1665 VIISIT'T'OIDAYI

Hig!hest
Accuracy

Toolink Englneerling
offers hydraulic arbors

made of a light
metal alloy that
I weigh up to
70% less than

Feather light
hydraulic
arbors can be
manufactured with
runcut as low as
2 microns. The cl'amping
sleeves are replaceable. This
toolinglls suitab'le for measuring,
testing, balancing, gear grinding
and other applications,T_~. 1tlo • .-NarI>

.......,.,... N_ ~ K6Nog..... , w....~ _._ lor.,. t-.g

~Iimo .• 0- CJmcIng. _1Ihaping1

" GoIoo' IIo>IibIng " a.. _'ling " T....
'~I ' T-.g " 1.11-• ,g.D, C!!tnoI!'II
• -- ....... 11""*1. ~

Toolink IEngineering
2870 Wlldemess Place

Boulder. CO 80301:
PH 303.938.8570
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March :!0-15. Hannover Fair 2000.
Hannover, Germany. The Hannover Fair
is the largest and mostinfluential interna-
tional trade 'how for industrial technolo- l
gy. Qualified professionals including i

I

buyers, distributors, politicians and, jour- I
nalists come from 100 countries to ideo- !
tify the late t products and trends in !
every sector. Over 300,000 qualified l
attendees, 7,500 exhibitors from 70 coun- :

tries, 2.75 million square feet of display
pace. For more information contact

Hannover Fairs USA, moe. at (609) 987-
1202 or log onto their Web site at
www.hfosa.c.·om.

Marcb 29-31. Plastic Gears--
Design and Manufacturing; University
of Wiscon in, Milwaukee,. WI. Offered
through the Center for Continuing

and1Iit,!s made' li'nAMERICA!

AIW Systems, Co ..announces th_al it ls now a
manufacturing source' 01 spiral gear roughing
and finishing cutters and bodies. --

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

AIW can also supply roughing and finishing
cutters lor most 5"-12" diameter bodies.

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

NEW! Straight Bevel CuHers.

'CIRCLE 1103

Floyal Oak, Michigan 48067
Tel: (248) 544·3852 •.Fax: (248) 544·3922
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Engineering Education. Advances in
materials and molding technology have
provided opportunities for pIa tic gears to
playa larger role in power transmission
in many product development acliv.ities.
This eminar will merge inforrnation
from their plastics part design and gear
technology curriculum, The objective is
for participants to undersiandtae com-
plexity of plastic gear development,
design and production. For more infor-
marion contact the registration office at
(414) 227-3139 or visit their website at
www.uwm.eduldept/ccee.

April 5--7. Fundamental ,of Gear
Design-P.art 2 of 2. University of
Wisconsin, Milwaukee, WI. Offered
through the Center for Continuing
Engineering Education, this is the second
part. of a 2-part cour e (part J was held in
December) and features Ray Drago a
instructor, Topics include: manufacturing

methods and consideratioas, inspection
and quality control. materials and heal
treatment, drawing data requirements and
specifications, basics of load capacity rat-
ing and lubrication types and methods.
For more infonnation contact the regis-
tration office at (414) 227-3139 or log
onto www.uwm.eduldept/ccee.

April 11-13 .. Rapid. P.rototyping &,

Manufacturi.n.g 2000 Conference and
Extdbition. Rosemont Convention Center,
Rosemont. IL. Vi it Norlb America's lead-
ing rapid prototyping conference and exhi-
bition. Span ored by the Society of
Manufact:urin:g Engineers and the follow-
ing 5MB affiliated organtizBtions:the
Rapid Prototyping Association of 5ME,
the Plastics Molders and Manufacturers
As ocialion of SME and 'the M.achin
Technology Association of SME. For more
Information visit the SME Web site at
W11olW.sme.OTg or caU SME Customer
Service at (800) 733-4763.

T,Il III WhIt V... 1'IIIIIk •••
If you found this .rticle of int8rtIt andfor
UHfuI...... ctn:W 2l'I.

http://www.uwm.eduldept/ccee.
http://www.uwm.eduldept/ccee.
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I lOr,Val'ery IRudnev
is group director, science & 'tch·
IloloSY, for Itwucloheal. Inc. He lim
tin M.S. in electrical Imginurin,
ond a Ph.D'. iI!' il!dllctioll lIeatillll.
From /99J 10 1999. he worked as
c1!ief sciellti t for IndueIOllta!. He
has 24 years oj experience in iOOm:-
liOlI hearing. His credits include /4
pflItnlS and 92 scientific and tmgl-
neering. publications.

Gear Heat Treating by Induction
Dr; 'Va!lery IRudnev" Don Loveless" Briian M'arshalll"

D-lK-o-s·t·--·,-- 'Sbepelll'akovsldii N'o-- D---r --d M'~ah B-Iack_._ n aDdn -c-- ,I _ rm ye an IC _

Hhe induction harden-

ing, an.dtempe~~ o.r
gears and. cnllC~1
components ISIr3dI-

tiormlly !Ii hot subject in heat
lreatiog. In recent years. gear
rnanufa turers have increased
their knowledge in this technol-
ogy for 'qwLIity gears.

Ia contrast to carburi.zi ng
and nilriding,indllction lilaI'd-
ening does not require YOII to
Ileal a. whole gear. Wilh mduc-
Ilion, me heating islocalized to
'!hose areas where metaHmgica1
change are desired. The indue-
'Lion hardening process is a
combination of electromagnet-
ic. heat trn.n fer and metallurgi-
cal phenomena thai occurs
wilen a workpieoe (i.e, gear) is

heated rapidly to 3. temperature
hove lrun.which is required ~m

a "hn e transformation to
au tenlte andlhen rapidly
quen hed, One of the goals of
induction Iharoerring is to pro-
vide a. fine grain martensilic
layer on specific areas of 'the
gear to increase hmdDess and
wear re i tanee while allowing
the remainder of the part to be
unaffeeted by 'the prace .
AlloUter goa] dea'ls with an
ability to provide significant
compressive stresses althe
workpieoe surface. This is a
cnrcial fearure, since it reduces
crack propagarion,

.Induction heat treating is
typically accompliShed in ill rel-
al'ively han time and with bigh
efficiency 'because energy is
applied to the part only where it
i needed. Induction equipment
can be easily automated. and

Fl.1-Sam,ple Induction hardened gears,

incorporated into a work cell.
The ability to heat treat in-line.
as opposed to, batch proc:e sing.
provideslUgh pmduclivityand
controlIabitJity and take less
shop floor space.

The .kind of steel or iron
used and its prior microstruc-
ture and gear performance
characteristics dictate the
required bardne profile, gear
trengtlh and residual stress

di tribution. Minimum gear
hape di tonion and pattern

repeatability are among the
rno t critical. parameters that
hould be satisfi.ed when heal

treating gears.
! Not alii workpieces areI weD uited for induction heat-
i. ing, 1'be best candidates are

parts thar have a classical

1.,

1, geometry~ including bushings,
bars. pin , rings, plates, shafts.
etc. External 'Spur and helical
gears, bevel and wonn gears.

I
I
I. an induction gear beat treat-

I
I
!

internal gear racks and
sprockets are also amongtbe
parts that often undergo heal
treating by induction (Fig. 1).

HardeniqgPattems
The lirst step in designing

ment machine is specifying tile
required hardne profile.
There is a common misconcep-
tion that a unifonn contour pro-

file is always the best pattern
for gear hardening applica-
tiODS. It is not In many cases. a
certain hardne gradient pm-
file can provide a gear with bel-
ter peJfonnance. Let's briefly
evaluate a variety of hardening
patterns (Fig. 2) and their effect
on .3 gear's load carrying capac-

I ity and life.
! Pattern A is a flankI hardening paUemtbat has
I been used since the [ate
I 1940 for hardening. large
: gears (out ide diameter
[ greater than 300 mill. with

I
, tooth modules of 10-12 and

I
i larger). This pattern provides
the required wear resistance, Ii

I" but 'the typical failure mode
of gears with this type of i

i pattern j a fatigue crack ini-

I tiating at the tooth rootarea,
It i typically stmngly rec-

il :=;:~:t~~'~:'Ih;':OO:
Mea as well, such as that pic-

I
· tured .il'l pattern I.

I

Pattern B i iii fianJ:: and
tooth Ilaroening pattern. This

I, pattern has a imilar honeom-
! inS to the previ.ou . one, feamr-
! ing poor load carrying capacity.

II can be used in cases where
wear resistance is of prime eon-
cern. However. patterns E, F
and G provide better results

lOonLoveless
i group' vice president, rt!seorr::h &:
de1't/ol'numI. for Irrductoheas. lru:.
He bas 2 }~ars of esperienc« inl
il!du tion hLatinl. HI? ConcOltro!fi
CJlI 11ll! rt!sl!arch and dl!\'l!lopl1lt'nr ,0/
hi8h-lml!dirLm1rtqll~fIC)' rllyri.rtor·
;;.ed OIW ITfJnsi.rtomed powl!r .wp-
plies. Among his credits art! 4 PalOJlS
I11Id .18 research/engineering publi·
cariom dellOled to djffl?llml aspeas of
induction .iJealillfi/.

Brian IMarshall.
applicoll'on engineer; jamltd
Inductollta" Inc. in 1979. HI! hm
bU1I im'O/l'l!d ;_11 rhe th.rign ,QIIIl
dltw!iopnumr of machines and
procl! s for II variet» of ind.uCliOll
Mar ,lll'ating applicaJions. including
heat 'rtatml!lU of gear'S.

Dr..Konstantin
:Shepeliakovskii,
n!lin!d, lrru a Ph.D. ill material s j-

enc« Am,,,,s' hiJ credits art molT
than 60 parenu. Ht lI'Oris ,W Q ron-
sulwnz for lliductohear. Inc. and
NPO TechMwh (Rus.sia).

Nann Dyer,
iJlll'7IIariOll€ll sales managet; joiTll'd
IIwucloh/'al. Inc. ill 1989. He holds a
.B.Sc. degree from Wayne Stale
University. Mr. Dyer has bt!tn
involl'ed ill Ihe jlnproverne1l/ of a
variny tJjinduclion me/a/Ileal rrtOl-
ing procI!SSI!~.

Micah IH'lack.
ind« film coil design supervlson
jOiMd Indllcro1reaJ.Inc. til! /981. He
has been invoNl'd in the d£llelopmtnl
of a number of advanced induction

procl'sses and coil designs. Among
his credlts (Ire 6 engineering!
Tl!sl!arrh publications.
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PATTERN A

HARDENING OF
TOOTH TIP

RANK
HARDENING

RANK & TOOTH
HARDENING

ROOT
HMDENING

PAJTERNGPAITERNE PATTERN F PATTERN II

~vvv
I HARDENING OF CONTOUR HARDENING CONTOUR HARDENING RlINK !; ROOT

ENTIRE TOOTH II. ROOT NON·UNIFQRM PATTERN UNifORM PATTERN HARDENING

fiig.Z--Inlluction hardening patterns for' Igeal'S.

I HIGHEBEQUENCY

GEAR lOW fREQUENCY

Fill. 3-Frequency influence 'on hardness profile withl alii encircling induc-
lion 'coil. .

HARDNESS IN
ROOTONLV

GA'P·BHIAP HARDENING QF GEAR TOOTH·BV·TOOTH HARDENING OF GEAR

Fig. 4-4iap-by-,gap and IIlOtb-by"tolltb induction: bal'llenlng.

fill. '5-Effects 01 changes: lin limB,fr,equency' and powel on 11116hardening
plttBms ina steel shaft.
158 (lEARTECHNOLOGV

when wear, tear and fatigue
resistance are required,

Pattern C is a, tooth tip
hardening pattern, In this case,
the gear has minimum shape
distortion. The application of
gears with this pattern is
extremely limited because the
[WO mo t important gear areas
(flank and root) are not hard-
ened. In most cases, patterns F
and G would be better choices.

Pattern D is a root harden-
ing pattern. Application of this
pattern is very limited as welI..
sip.ceit has poor wear resis-
lance ..Theoretically, it is pos i-
ble to imagine the necessity of
ustng this pattern as wellas the
previous one; however, practi-
cally, it is better to use another
pattern, such as pattern L

Pattem E is one of the
most popular induction harden-
ing patterns. particularly for
mall gears and sprockets.

Since the body of the tooth is
through hardened, there is a
danger of brittle fracture in
gears subjected to hock loads.
Therefore. one typically ap-
plies a low-temperature tern-
pering that towers me final.
hardness down to S2-58HRc'
This pattern offers good. resis-
tance to wear and pitting.

Patterns F & G are pop-
ular patterns for medium size
gears. in many applications.
Case depth at the rootarea is
typically 30-40% of the depth
in the tooth tip. It is very
important to harden an entire
gear perimeter, including
flank and root area. A rela-
tively ductile tooth core
(28-44 HR:C) and .3 hard sur-
face (56-62 HRq provide a
good combination of such
important gear properties as
wear strength, toughness and
bending fatigue.

Pattern Ii one of the mo t

popular choices for induction

hardening laJEe gears and pin-
ions (300 mrn or more inout-
side diameter) with coarse
teeth (modules greater than
10-]2). Thispanem provides
an exceptional: combination of
fatigu and tear strength and
shock resistance, which i very
important for heavily loaded
gears and pinions experiencing
severe shock loads.

Coil Geometry and
Heat Mode

The variety of required
hardness profiles calls. for dif~
ferent coil designs' and heat
mode. Development. includ-
ing roil design. is [~elY based
on induction prin ipl.e , the
re uIts of mathematil al evalua-
tion and experience with previ-
ous jobs. The development:
establishes not only proces
parameters, :including cycle
times and power levels. but
also coil geomelliy.

Toolh-.by-tooth and gQP~
.by-gap .inductof'S. Generally
peaking. gears are induction

heat treated by either encir-
cling the part with a coil (F.g.
3) or, in larger gears and pin-
ions, beating jhem tooih-by-
toothor gap-by-gap (Fig. 4).
Both tooth-by-tooth and gap-
by-gap techniques can be real-
ized by applying a single-shot
or scanning mode, A gap-by-
gap inductor can be de igned
to hem only the root and/or
flank of the tooth, leaving the
tip and the core son ami duc-
tile. There are many variations
of coil designs applying these
principle . Probably one of the
mo t popular is a "zigzag"
shaped inductor ..

'Generally speaking. power
requirements of both tooth-by-
loom or gap-by-gap hardening
are relatively row,. and applied
frequenci are usually in the
range of 1- [0 ldiz. At thesame
time, this is a time-consuming
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proce s with a low production
rate. Pattern uniformity is Vel)'

sensitive to coil po itioning. In
addition, there.i typieaIly an
appreciablhape or size dis.
tortion ..Shape di tortion is par-
ticuJarly noticeable in the last
heating po ition. The .last tooth
can be pulled out by 0.1.-0.3
mm. Therefore, final grLl1ding
is often required. Distortion can
be minimized by hardening
every 2nd tooth Of toolh gap.
(but this requires 2 revolutions
to harden the enliregear). II i
necessary to m mion here that
due to small coil-workpiece air
gaps (0.5-1.5 nun) and harsh !
working conditions. the indue- I
tion coils often .require inten- j

sive maintenance ruld hal'e rel-
alively short lives compared
with inductors that encircle the
gear. When designing this type
of inductor. panicu]ar attention
should be paid 'to eleetmmag-
netic end/edge effects and the
ability to provide the required
pattern in the gear face areas.

Bncircle inductors. When
applying eneircl coils, there
are five parameters that play a
dominant role in obtaining the
required hardening pattern:
frequency. power. cycletime,
coil, geometry and qu nclring
oondition . Proper control of
these parameters can result in
~otally differenl hardened pro-
illes. Figure S il1u trates a
diversity of .induction harden-
ing pattern mat. were obtained
on the same carbon steel. shaft
th.anks to variati ns in time,
frequency a:nd power. As a
basic rule, when it is necessary
to harden the tooth tips only, a
higher frequency and high
power density should be
applied (Fig. 3, left picture) ..
When hardening 'the toolh!1UOt,
a lower frequency and lower
power density : hoU]d be used
(Fig.. 3, .right picture). A high ,

power density generallygives
a hallow pattern; conversely •.3
low power density will pro-
duce a deep pattern.

Figure 6 how three of the
mo t popular design concepts
of the induction gear heat treat-
lng processes that employ
encircle-type coils: convention-
al single frequency concept
(CSFC). pulsing single fre-
quency co eept (PSFC) and
pulsing dual frequency concept
(PDFC). All three concepts cen
be used in either a ingle- hot
or scanning mode.

The conventional ingle
frequency concept is Itypically
used for hardening gears with
mall teeth. As one can see in

Figure 2 (patterns B & E), tile
teeth are usually through hard-
ened. Quite oftell. CSFC can
also be uccessfully used for
medium ize gears. As an
example, Figure 7 hows 'the
induction gear hardening
machine that applies tI1is con-
cept, The part being beat treat-
ed inlhisap licati(m is an auto-
motive 'transmission compo-
nemwith belical teeth 011 the
inside diameter and Large teeth
on 'the outside diameter. Both
!he inside diameter and the out-
ide diameter require hardening

(Fig. 8). The hardening of the
inside diameter gear teeth
requires 3. higher frequency
than the outside diameter.
Therefore. a. frequency of 10
kHz was chosen for o.D. hard-
ening, and a 200 IdJz frequen-
cy was chosen for 1D. beating.
Precise control of the harden-
ing operationsand a: sophisti-
cated design concept minimize
part distortion and provide
desirable residual stresses in
!he finished gear.

'Gears are comreyed to. the
machine, where they are trans-
ferred by 3. cam-operated robot
to the pin die of a heat tteating CIRCLE 1129'

JlEIIOUI
Precision TechnolOVles

.. "'Re HI ...PR IL 1000 59
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station. Parts are monitored at

each. station and accepted or
rejected based on alllhe major
factors that affect gear quality,
This includes energy input into
the part; quench flow rate;
temperature and pressure; and
heat time. An advanced COD-

troYmon:itoring system veri-
fies all macbin,e settings to
providecollfidence in the
qua1ily of processing for each
individual gear.

Quite of ten, in,order to pre-
ventproblems such as pitting.
spaUing" tooth fatigue and
'endw-ance, it is necessary to
harden a contour of me gear
(contour hardening). In some
cases, thls can be a difficult task
due to the difference in current
,density (beat source) distribu-
ticaaad beat transfer condi-
tions wilhil'l a gear tooth TWo
main factors complicate the
task of oblaining a required
contour hardness profile.

The first factor is that with,
encircle-type coils, the root
area doe not have a good cou- ,
pling with the inductor com-
pared to tile coupling at tile
gear 'lip. Therefore,. it is more
difficult to induce energy in
the gear root. Secondly, there
is a significant heat sink locat-
ed under the gear root (below
the base circle, Fig. 3). In
order to overcome these diffi-
cullie: and be able to meet
customer specifications. the
pulsing single frequency con-
cept (PSFC) has been devel-
oped (F~g.6b). In many cases,
PSFC allows the user to avoid
the shortcomings of CSFC and
obtain a contour hardening
profi.le. Pulsing provides desir-
able heat flow towards the root
of the gear tooth without.
noticeable overheating of the
tooth tip.

A typical "dual pulse" con-
tour hardening system. which

applies a pulsing single fre-

quency concept,. bas been di -
cussed in Reference 2. This
machine is designed to provide
gear contourites! treatment
(including pre-heating. final
heating. quenching and tem-
pering) with the same co.il
using one high frequency
power supply. Figure 6b ilfus-
ttates the process cycle with
moderate power preheat, soak-
ing stage, short trigll power
final heat and quench followed
by low power heat for temper.
.Pn:lleating ensures a reason-
able heated depth at the roots

of the gear, enabling the attain-
ment of the desired metallurgi-
cal result and decreasing tile
distortion in some materials.
Obviously. preheating reduces
the amount of energy required
in the final heat

A third concept-the
pulsing dual Requencycoll-
eept (PDPC)-is not a. new
one. The idea of using two dif-
ferent frequencies has been
around since the late ]950s,
This concept was primarily
developed tooblain the con-
tour hardening profile of heli-
cal and straight spur gears.
Since several different. compa·
nies, including Contour
Hardening, lnductoheat and
others, have pursuedlhis idea.
several different names and
abbreviations bave been used
to describe it. However.
regardless of the differences in
nomenclature and the s1igllt
proces variations, the basic
idea is the same.

A~ to PDFC (Fig.
tic), the gear is preheated with-
in an induction coil to a.temper-
ature detennined by the process
features that is usually
50- UXY'C below the erideal
temper:ature At I' lYPicaJ]y, this
is accomplished by lISinga
medium fteq-uency (3-10 kHz).
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Depending on the type of gear,
its size and material, 311igb
frequency (30-450 kHz) and
high power density are applied
dwinglhe final beat stage, For
the tina:! heating stage. the fre-
qJJency selected allows the cur-

rent to penetrate only to an exact.
repeatable depth ..Quenching is
done to complete hardening and

bring the gear to ambient tem-
peIalUre.m some cases. dual
frequency machines produce
parts with lower distortion and
more favorable distribution of
residuall stresses compared to
other techniques,

The main drawback of this
process is its complexity and
In.igh cost, since it is necessary
to have two different power
supplies. In some cases, itis
possible to use one dual-fre-
quency power supply instead
of two single frequency
inverters ..However, ilie co l of
these variable frequency
devices is Illgh,and their reli-
ability is quite low.

Special attention should be
paid when designing induction
hardening machlnes for pow-
dered steel gears. These gears
are affected to, a much larger
extent by variations in the
material properties of powder
metals as compared to gears
made by casting or forming,

This is because the electrical
.resistiviry. '!hennal conductivity
and magnetic permeability
strongly depend on the densil:y
of (he powder metal ..
1'80 Tecbnologyfor Gears

AlIIimpressive result can be
achieved not only by develop-
ing a. sopmsticated process,. but
also by using edsting process-
es with a combination of
advanced reels, Through and
surface hardening technology
(fSH) is 3. synergistic eombi-
nation of advanced steel and

techniques. These steels were
invented by Dr. K.
Shepeljakovskii (Ref, 6). The
new low-aUoyed carbon steels
are characterized by very linIe
grain growth during beating
inm the hardening temperature
range. They can be substituted
for more expensive, standard
steels that are typically hard-
ened by conventional induc-
tion, camu.rizing or quenching
and tempering.

Main features ofTSH tech-
nology include:
• TSH steels are relalively inex-
pensive, incorporating . ignifi-
eaatly smaller amounts (~
limes less) of alloying elemenlS
uch as manganese, molylxle-

num, chromium and/or .niclreL
• Lower induction hardening
frequency (1-10 kHz)reduoes
power supply cost.
• High surface compressive
residual stresses (500 MpaI73
ksi +).

• Hardened depth is primarily
controlled by the steel's chemi-
cal cornpositionandinitial
rnicrostrncmre. This makes the
heat treating process repeatable
and robust.
• Reduced chance of overheat-
ing part edges and sharp cor-
ners dl.lelo end effect.

Figure 9 shows an induction
heat t:rea:tedgcar made from
TSH steel One of the unique
feature of that gear is that
instead of using a two-step
approach (first .0.0. beat and
then tD. heat, or vice-versa),
that gear has been heated and
quenched in a ingle step using
only one inductor, no. and tD.
leeth have fine grained mruten-
site wi til a hardness of 62 HRC.
The microstruCllll.re ,of !he core i
a combination of very fine
pearlite and bainite having a

hardness of 25-40HRC.
TSHteclmology parts are

some made of conventionally
heat treated standard steels.
'Iypical applications include
gears, bushings, shafts, coi.1
springs and bearings (Ref. 6).

Induction 'lempering
The stress relieving/tem-

pering process takes place
after the part is hardened. ~t is
a sub equent but no les
important step in metal heat
treating. The main purpose of
tempering is to decrease the
gear brittleness without caus-
ing too great a decrease in the
as-quencnedilludness, to
relieve internal stresses,and
in orne cases to improve
shape stability (Ref. 5).

AconventionaimetOOd of
~mpering induction hardened
gears is to heat '!bern in an
oven or a gas-tired or infrared
furnace, which is typically
located in another area of the

plant This has penalties in
term of floor space, labor and
time needed (0 transport parts.
In addition, a fumacetemper-
.ing operation may take two to
three hours to complete.
Short-time induction temper-
ing was developed to over-
come mese drawbacks.

Time and temperature are
two of the most critical para-
meters in short-time induction
tempering. However, tempera-
ture higher than those used
for furnace tempering must be
used to provide a similar
effect There are several ways
to determine the time-tempera-

ture correlation between con-
ventional long-time, lower
ternperanne furnace tempering
and short-time, higher temper-
atureinduction tempering,
induding. for eJlLarople, the
Hollomon-Jaffe equation and
the Grange-Baughman tem-
pering conelanon.

There is a common mis-
conception that tempering
removes aU internal stresses.
Tempering does decrea e
some stresses, It makes the
steel softer and reduce tile
chance of noticeable distomon
and the possibility of cracking.
As a matter of fact. it is nol:
really desirable to relieve all
stresses. As mentioned above,
itt most gear heat treating
applications, the existence of
good compressive residual
stresses at the gear surface is
useful and vel)' desirable since
it reduces the JJOSs~bilil:yof
crack development

There is a balance of
residual stresses in the work-
piece ..Therefore. if in certain
areas of the gear there are
compressive residual stress-
es, then somewhere within the
workpiece,!bere must be ten-
sile stresses. Applied stresses
are maximum al. t.he gear sur-
face and thenrapidly drop otI
Therefore. one of !he impor-
tant "duties" of tempering is
not only the reduction of ten-
sile stresses, but also the shift-
ing of the maximum of these
stresses toward 'the core ..

special induction hardening stronger and more durable than fig, :hAJlI induction heat 'Mated 'gear madafrom spucia'tty ISH steil,.
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It i important tha:tthe pared to ilS root and win Ihave a

time nom quench to temper tendency to overheat edges and
be held to a minimum. fflhis sharp comers. In order 10 over-
"transient time" is long come these difficulties, low
enough, the internal stresses frequency, loose coil coupling
may cause a noticeable size and low power density should
and shape distortion, or even be used 'for tempering.
cracking. Therefore, a long As discussedabove, il is
transient time between quench- po ible '10 harden and temper
ing and tempering will gear in the arne coil using
decrease or eliminate the tem- the same power supply. In
pering benefits. some cases, it is the best COI1-

~n ihc case of induction cept and has an obvious low
tempering any complex parts capital co t advantage and
(including gears), the choice of less tooling to store. bl other
frequency, power density and case, il. might not be t suit
coil geometry is dictated by customer requirements.
!he need 10 apply enDugh ener- Since the power density
gy into certain areas of the required for tempering is quite
part. In gearlempering appli- low, it is necessary La heat 8 gear
canons, it is necessary to at II slow rate to avoid tooth lip
induce enough energy into the oVerhealing. Depending upon
root area oflhe tooth without the type. of power supply. 'Ill' is
ovemeatingits tip. no! alway - an easy task from

The :rom of the gear is a the load matching point of view.
critical area because the maxi- In addition. the depth of current

penell1l'lion in carbon teel ru
tempering temperatures is very
small compared to its value dur-
ing I1ardening. This is due to the
fact that tempering tempera-
ture are alway below 'th
Curie point, and therefore,
steels are alway: in a magncti
slate. In addition. the relali ve
magneti penneabi lily of steel
during induction tempering is
more lhantell times rngher 001111-

pared to the penneability of steel
during induction hardening.
Thi is due to, the I.ow magnetic
lield intensities used in indue-
lion tempering (Fig. II).

A substantial increase in
magnetic permeability results
ina significaJ]] decrease in pen-
enation depth of an induced
current. 1berefore, in merle
heal. a gear for tempering to the
ame depth as twdening. it is

wise '10 use a lower f:requ ney.
In additioll, time required

fOIi induction tempering is typ-
icaJly 2~ times that of induc-
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mum concemrarionof stresses
is typically located there. As a
result. fatigue cracks occur pri-
mari.ly in the root area.
Therefore, it is very importaJlt
for 'lhi 3J!'Ie<.I to be stress
relieved. There are three fac-
tors that make th.is task quite a
complicated one. TwO' factors
are similar to hardening and
were discussed above. One of
them deals with poor electro-
magnetic ooupling between the
coil and the tooth roo! com-

pared with the tooth lip.
Another one deals with the
existence of a heat sink phe-
nomenon in the root Thelhird
factor derives from the fact !bat
the tempering temperature are
aI:way below the Curie point
Therefore. 'the gear is magnetic
and !he ki:nelIec! is alway
pronounced (Fig. 3, teftfig-
ure). The lise of high frequency
for induction tempering :will
re ult in an essential power' ur-
plus inllle tip of the tooth com-
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(ion hardening. Therefore. including internal stress relief.
when one uses '!he same coil
for hardening and tempering.
Ithe production and power up-
ply utilization might' uffer.

Healing for tempering wi!h
a separate coil and dedicated
!power supply is am re costly
solution from a capitnl invest-
ment point of view. bUI al. the
same time. it has several notil.-c-
able advantagcs.lbe CUITCllt

distribution and power dcm;:i.ly
can be optimized specific-lilly
for the tempering operation. A
separate, loosely coupled.
chan~nel-type. single- or multi-
tum coil can be used effectively
for this pmpose .. Equipment
will be used very elfectivcly
with high production. One
hardenLng machine can operate
.in conjunction with two or
three tempering machines,

The decision to inducnon
temper should be carefu lIy
weighed (Ref, 5), Some metal-
lurgisL'l are not comfortable
with tempering for a short time
and then only in the harden d
area. They feel thai furnace
beating of the entire part and
holding it a temperature for
hours. v . seconds or minut s,
is more reliable. The key to My
gear or critical component pro-
duction process is how welllhc
finished part performs in ser-
vice. kn induction tempered

gear. like :my other machine
component, sh uld be lh r-
oughly tested and evaluated for
reliability. Necessary test data
for induction and furnace tem-
pered parts should be com-
pared. II is important to
.remember that the surface tem-
perature alone is nOi a valid
indication of a pMper lemper.
[f tempering bas been done
correctly. th.ere will be only a
. light redUCUOD in hardn
whicn will be more 111Moffset
by 'the benefit obtained.

improved ductility or 'tough-
ness, and shifting of the maxi-
mum tensile stress. farther
away from the applied stress.

The advantages, of indlJction
tempering-sy tern compact-
ness, slngle part proce sing.
energy efficiency. and precise
oontrol and monitoring of an
individual tparl_in many cases

far outweighsthe diisad.V!lJItages
and fear of Ihe untried.

Concll!J5ion
Space limits thls discussion

to major features of induction
gear beat !:reaming. There are
many a pect invo1ved in
designing and manufacturing
contemporary gear hardening
and tempering systems, This

include an effect of prior
microstructure and grain size
on hanlening pattern. (Khers
deal with quenching. cracking.
shape/size distortion and resid-

ual stress dislTilJution.O
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Tell Us WHI VOl!Think ...
If you found this article of
interest andJor useful, please
circle 2If1.

If you would ike more infOf-
mation about Inductoheat.
please circle ZOI.

Austempered Ductile Iron (ADO
outperforms steel as demonstrated in th.ese'
road test results- n hid'- ~. •_ __ ____ 0__ ypo_ gears.

nypoid (iear:;: AD] vs, SteelSwitching fmrn steel
to Aus1empered
Ductile Iron (ADI)
wi II also add these
benefits:

• Cast '10 nearer net
shape :Il1dredllced
machining cost

• Iighrer weight
• Lower ,o-ve:r.all 'cost

Applied Process,lnc.
is the world leader in 1000
austernpering. Call
today or visil ou r
website to learn how
Austemperillg can make
your parts qUieter.

2000 3000
R.P.M. (road test)

Livooia, Ml Oshkmh, WI EUzabeUllown. trJ'
Melbourne.lmsrralia Binning,ham, England

Ph: (734) 46<\·2030 Ex. 31 Fax: (734) 464-6314
Emall: lkeough a applil'CIpl't.lQ!SS.com

web: WW\V,applJedprocess.com

Vllit our web' alla: www.basicmachinetools.com

M'od'a'i GS-20-4T
Gear :Sbaper
$86,395,
2.O"'IDiameter
,4" (or ,1r'1 face Width

M!od'el HS10·12 tNt
HeNC" Hob Sbarpener

$112.995
111"Diamat.sr

12" Length
(CON Wheell)

ru..l c r '\1 I.' I I I Email wolf{ab.lSlcmachHleloots comg."S I ( . Telephone (J23) 933·7191
N( ·()I{P()I{.\TEI) Fa. (323)933·7487
Ilol( )I 'I~ PO. Box 36276. los Angeles. CA 90036
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'Quieter Gears.,
Engineered Metals.

There's only one way to ensure that
the gears you produce will always deliver
superior and quiet performance. Make sure
they'r-e bred {'romquality stock.

Dura-Hat' continuous-east gray and ductile
Ironperforms Uk'e free-machinjng steel. with an
important added. bonus, - quieter operation,

Like steel, Dura-Bar can be austempered,
through-hardened, flame-hardened, or induction-
hal'denedforadded wearreststanee. But the
superior noise and yf.bration damping, eharacteristies
of Dura-Bar make for quleaer running
gears. And Dura-Bar is 10% lighter than steel.

Dura-Bar round bars are available in diameters
ranging from 5/8" to 20" andlengths of'6~20'. So you.
won't need to make major changes in your mach~3ng equipment.
And our extensive .inventory means Dura-Bar is :a.vailablenow - when you need it.

When it's 'quality materia., quiet performance. and quick deUverytbat count. look to
continuous-cast Dura-Bar for your gear production needs.

1-80~BAR-MILL(227-6455) • 815·338·1800 • Fax:.tU5·338-1549
211.00West Lake Shore Drive. Woodstock, n. 60098-7491
Web Site: www.diur:a.-bu.com.E-man:saJe@dura-bar.comContinuous; Cast Iron Bar Stock

Conta.ct US for the latest data on gear D.olse.
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Welcome, to, our Pr,od'uct INew-:spage. Here' we feature, neW' products of interest to the, geal allld 'gear products mB~kets..
To get more' informationl an these items.lplease Icirele the' Reader Servicel Number shown.

N'ew Z-Speed Machinel 10elll
Gearbox

''Built-itn'' RAM-MSD 2-speed gear-
boxes, available from Andantex USA.
Inc .• are integrated in-line between tile
water-cooled motor and thepind~e
inside or the machine 1001.' RAM. The e
units extend the constant power . peed
range of the motor. providing high out-
put, peed (8.000 rpm) for fini hing alu-
minum and high torqu at low speeds for
hogging out tee] or cast iron. St3J1dard
ratio are 1:1,and reductions range from
2.5:1 to 5:L

Olher design Ieatures unclude a
round, water-coaled hem ing, a hollow
through bore, low backlash, and com-
pact, l:tigb-quaJi.ty planetary gearing to
insure minimum vibration, quiet and
cool operation. The integration of the
compact, lightweight g~x: into the
RAM enable rapid Z-axis acceleration
and minimum chip-to-chip tool change
times. For more informajicn, contact
Andantex al. (8(x)) 7]3-6170 or visit
their Web site at www.olldonlex.com.

Cird 300

Two New Itemsf,r,om IOgasawal'ia
The GRT~04G-ear Rolling Tester is

de igned to measure the composite error
offine pitch gears relauve to the function
of center distance 0 cillalioJII during dual
Hank meshing between the test piece and
the master gear. This machine is suitable
for either the Jab or the hop floor. The
u:ni.l can also be 'used m measure other
gear produc uch plastic gears and
m tor haft gears up 10 a foot in length.
Center distance deviations are detected
continuously with the GR1'-04's small

displacement detecting system, which
utilizes a differential capacitance device
for frequency modujated (FM) signal out-
put. With optional. data analyzing soft-
ware, you can classify your gear products
to meet with a specifiedgear accuracy
such as AHMA. ISO.or DIN.

The new HBS-lS20 Hob Cutter
Sharpening Machine is the re ult of a
collaboration between Oga awara,
which designed the machine, and
Saikuni. which built it. U ing
Ogasawara's optimal dre ing method.
the HBS-]520 can achieve both a mirror
finish on the cutting surface and extreme
geometrical accuracy. Carbide bobs can
be harpened using IIdiamond wheel and
helical flutes caa be ground with the
optional spindle head. The machine is
easy to set up and operate and it C3J1

reduce grinding cost with its automatic
grinding procedures.

or more information, contact
Ogasawara Precision Hob Lab. Ltd. at
+(81) 44-877-351.1 or visit their Web site
at www.og-pl.co.jp. You may also con-
tact their American representatives,
Russell. Holbrook and Henderson. Illc ..
at (20]) 670-4220 or vi it their Web site
at wWj.\:lru-volule.com.

Cird 301

NeW' RV Gear Reducer from
IHarmonic IDdve

Harmonie Drive Technologies inlro-
duces !be Rotary Vector (RV)"C hollow
shaft gear reducer: The RV-C gear is open
through th center, allowing vacuumlines,
wiring hame ses, concentric shafling and
cooling Lines to be run through it. Hole

izes range from 31 mm (1.2") to 138 mm
(S.4"). The RV-C also has pecially
designed, built-in output bearings that sup-
port large thrust and overhung loads.

The RV~C is one of three heavy-duty
RV power transmission configurations
manufactured by Teijin Seiki and up-
plied by Harmonic Drive Technologies,
These are preci ion drive l!btUoffer high-
ratio gear reduction in a compact deign.
RV drives offer very high lor ional rigid-
ity and an overload torque capacity of
500% of Ille unit' rated rorque. Total lost
motion from all source 'including back-
lash. spring rate and hysteresis, is limited
to one arc-minute. For more information
call (800) 921·3332 or visit Harmonic
Drive Technologies' Web site at
Ulww.harmonic-drive.com.

Circle 302

Rotary lDiamond Dressing Roll
HQ~lds1ipLonger

Norton Company introduce a line of
patent-pending preei ion rotary diamond
roll dressers that maintain lip geomeuy
longer, when CNC-profile-dres jng intri-

forms into conventional and
superabrasive wheel .

The new Lap-Free BPR Profile
Dressing Roll are different from eonven-
tionaUy manufactured inliltrated and
plated profiting rolls, which often use
polycrystelline diamond (PCn). or nal!UT-

al diamond material, They are designed
not to require relapping and are avWJable
in forms with included angles not previ-
ously available for CNC profile eire sing.
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WANTED?
MORE ACCURACY
MORE EXPANSION

MORE VERSATILITY
LONGER LIFE
AND LESS COST?

THE ANSWER FOR 150 YEARS.

LeCOUNT, Inc.
121Dewitt Dr: • PO Box '950' • White, River Jet., VI 05001 U.S.A.

Tel: (800) 642·61113;or (8Ct2j296·2ZOQ • Fax: '18021296·'6843E-mail: lecount@sover.net
Websil,e: hHp:J/www.sover.nettl'ecount/ (inc'ludes product specificationsJ
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__ IPRODUCT NrWS __

With the elimination of relnpping. !he previ-
ously difficult task of esnmating roll life
now requires only measuring die roll diam-
eter while it is mounted on the machine.
Field rests have shown that !he Lap-Free
BPR Roll not only holds its lip radius
longer. but lasts nearly three times longer
than a conventional PCD roll in production
dressing applications. For more information
contact Sue Auburgatorton Company,
(800) 446-1119 or visit their Web site at
l'I-ww.nortoncWrasives. com.

CirdeJ03

Higher !Productivity and Lowe" Cost
willh New A,erospace ,Alloy

Carpenter Project 7000® 15Cr-5Ni
rainless teel (UNS SI5500) has been

developed by Carpenter Technology Corp.,
Reading, PAt to provide superi r machin-
ability while meeting all !he requirements
of Aerospace MateriaJ Specification AMS
5659 covering bars, wire. forgings. rings
and extrusions, The new alloy, offering
polential for increased capacity and longer
tool life. is available as a "drop-in" replace-
ment for conventional I.5Cr-5Ni stainless in
applications where improved machining
productivity is desired.

Possessing high strength and hardness,
along with excellent corrosion resistance.
!he new precipitation hardening rainless
alloy is a. candidate material for rod-end
bearings.. II variety of aircraft structural
components and! some engine parts. The
new alloy may be considered II more
machinable version of the tandard JSCr-
5Ni stainless, which has been used, for
industrial applications such asgun barrels,
valve parts. fittings and fasteners. shafts,
gears and process equipment. For addition-
al infon:nal:ion or a technical data heel,
contact Jim Dahl by phone III (610) 20 -
2235 or by e-mail atjdaill@canecil.com.

Citrcle 304

Send'your new prod'uet f,eleases to:
6'es, TechnoJ'ogy; 11401LuntAvenue.
Elk G,rove VUlage, Il6000I7'
Fax:: 847-4-37-6618:,

Ten Us What You Think ...
If you found this article of interest and/or
useful, please circle m.
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The Industry Leader
In Process VersatIlity

I Holcroft's (VPA)', ser/;s of batch atmosphere
furnaces is an Industry leader in: Quenching
severity and uniformity, tempe~ature uniformity and
process versatility. Over the years ,this robust
caJ'burizing workhorse has been designed,to tackle
processes traditionally desfgnatod tocontlnuous
equipment such as water quenching ,beryllium
copper, bluing motor laminations, and solution
aumealling stainless steel exhausts system
components, and the latest development:
oitridlng and carburizing in the' same fumace.
Why purchase two pieces of equipment when we
can combine outstanding nit riding performance
as well as high tempersture processing .

,Plug mounted fan assembly improves
maintainability and provides long trouble
freestmosphere' ckculation

The VPA fear hsndfer head nes B' unrque
feature In that when offered ass
push/pull system. ,the'extended reach
charge car can' still remove the load.

A key factor to' theVPA succes.s story ls the soft seal vestibule door. Desjgned to
maintain constant sealing pressure, it provides atmosphere integrity against oxygen
infiltration and adher.8s to Holcroft's commitment to reliability and maintainability.

.P~ocess performance is
enhanced by OUf large
eight Inch' diameter
radianttubBs.
Investment cost alloy
Wheels insure reliability
in al/ applicatiO'ns. When
hlghlemperature
processes eliminate the
use of alloy, ceramic
hearth ,components can
besuppfied.

State of the art quenching waS achieved in the VPA
after eKtenslve full scale lesting allowed us to identify
the subtle .but critical factors affecting fluid flow in an
actual quench tank envIronment, Never before has
the propeller been allowed to achieve this
performance' level. When extfemely dense loads ara
to be quenched, our pump impeller is unequaled.

~LCROF!2d

12068 Market Street
Livonia, Michigan 48150 USA
Telephone: (734) 591-1000

Fax: (734) 59'1-6443

Q1.
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WEIBFINDER MART ADVERTISING SECTION

GLEASON PFAUTER IHURTH GLEASUN IPFAUTER HURTH CUTTING TOOLS
GI=n Pfauter Hurth Wo.rJdWide
Sales is the world's mostcompre-
hensive resource for gear maaufac-
'luring technology, We offer a com-
prehensive gear cuning machine
program. for every gear hobbing,
milling and grinding application
for cylindrical and bevel gears. To
learn more aboul OW' products and
services or tn find key contact

BARIT INTERNATIONAL CORPORATION
From our manufacturing facility
or on·'the-shdf inventory, we sup-
ply top quality tools at competi-
tive prices including precision
ground gear &. worm gear hobs;
parallel &. involute spline hobs;
disc, deep C-oore & shank type
shaper cullers; keyway. round.
spll ne, hexagon, square &. special
form broaches; shaving rolls.

BASIC MACHINE TOOLS
See our website for details on 72
models of WOLF gear machines:
hobbers, shapers" hob sharpeners.
honers. inspection gear mnchines,
and much more. "World class"
machines at affordable prices.
Gear machines from the largest
Gear Machine Manufacturer in
the world, New machines for
prompt delivery from California.
Fifty years experience.

STAR CUTTER CD.
Star Cutter Co. offers a wide
selection of bobs, form-relieved
and multiple-thread. milling cut-
lers. gundrills and gundrillsharp-
ening fixtures, pressure coolant
lind PCD reamers, carbide pre-
forms. CBN grinding wheels and
other cutting tool ..We aI 0, up-
ply cutter sbaIpening machi ne
lools and Gold Star thin :filmcoat-

• •-- .
~ •• 'I; • _" e _ _
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Gleason Pfnuter Hurth Cutting
Tools is the leading gear cutting
1001 manufacturer in North
America. We offer a wide variety
of form-relieving milling cullers,
hcbs, shaper cutlers, shaving cut-
ters and CBN-pla!ed form grind-
ing wheelsas well as our engi-
neering, coating, heat treating.
metallurgical, tool sharpening
and reconditioning services.

NIIAGARA GEAR
The iagaraGear 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 tol-
erance requirements with :fasl
turnaround.

ITW HEARTLAN!D
[TW Heartland, a division of
Illinois Tool WorKS, Inc., has
locations in Chicago, lL. Detroit,
MI, and Alexandria, MN. along
with a worldwide network: of
sales, and service offices. ITW has,
manufactured and serviced gear
inspectien and burnishing equip-
ment since 1936. To learn. more
about our products ,and services.
visit our We.b site,

M&IM PRECISIONI SYSTEMS
Our web SLIedetails CNC gel!!'
inspection systems and software
for parallel and cross-axis gel!!'
testing andodle:r applications-
plus dlmenslons-over-pins gages,
dOuble flank gear roller systems,
spline gages and master gears.
M&M':5 Calibration Laboratory
provides quick•.affordabiccaliblll-
tion on master gears, spl imegages ..
index. lead and involul!: masters,



Provides actual 0. er
ball/pin rneasurm ent
of any helical or pur
gear or pline without
the n ed of CD tly
setting master.

Providesvital S..P. .
information.

'CAPACITY:
9" o.n,
sn 1.0.

851 OHIO PIKE" CINCINNATI, OHIO 45245 .. (513)752-6000 .. FAX (5,13),152·5599

CIRCLE. 1701

Mr Norbert Weiss ·:.'orld
renov.n spline tecllnolOQ/111StlllC101Ir01l1 Frel1co

Gerrniln'::.'11i t)i1 preselltlng
rus 2-Cid:,' sphne senunar

• Miilwalu'kee, Wisconsi.n
March 22-23

• NDVi (Detro,jt~., Mij'chigalnl
June2'S-2'9'

Ilus SeI1I111~!1 covers all
aspects 01 sphnes trom tile

'iel,,' 1),1<;1(<;tiHOllg!1the ·.'er:,'
teCtlIlIC,l! Ill1cillchnr; US and

mte r Ilati (liid I s tanda ros..
PllS cuss is for evervone
IIl'.ol.e(1 III spline des.qn

Il1clllulactllll1g (111(1cuaut.

Reserve a seat today!
Space urnited
S625'person

Ills I.' uctiuu r./,.IIIlullll(fur/l'd

Talkiea S'eat for the 18,'8st
Splline 1.llrainingl Semiinlar

in the World!,

N48 W 14170 Hampton Road
Menomonee Falls. WI 53051
Phone 262-781'6777
Fax 262'781-2822
WWW.info@aurotechcorp.com

CIRCLE 1111
MARCH/APRIL 2QOO 691

mailto:WWW.info@aurotechcorp.com
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SERVICE

MAAG PARTS AND SiERVICE

Original MAAG Parts for all:
• Grindin'g Machin,es
- Shaping Machines ISHI
-Jnspeetlon Machines

Swiss Trained Service Engineers: :
Repairs to Go.mpl~te Rebuilds I

• Cah~:r.atlo.n I

• CenlflcatlOn 1
• Evaluations I

Becker GearMeisters. Inc.
(800)' 4.23~2531· (631)8211~3961

Fax: ,16311821~3870
Ghic.ago, Illinois

CIRCLE 151

GEAR TOOTH
GRINDING SERVICES

• ' Cost 'eff,ective gear tooth grinding
s,peciaHsts

• Gear manufacturers.ara our only
'customers

• Prototype and prnducnon quantities
• Capacity to 27.5' P.D .• 3.5 D. P.
• Able to match deliv,ery to your

ra q uirements
• All service to AGMA standards with

Certified Gear Inspection Equipment

PIRO-GEAR COMPANY, INC.
23 Dick Road., Depew, NY 14043

Toll Free: 877-684-3810· Fax: 716-6B4-771'7
E·mail: progearinc@aol.com

CIRCLE 156 CIRCI.E 155

Tooth by Tooth Induction
Hardening Sp'ecialists
spur, helic.al aad.bevel gears

Our gear hardeninq equipment
includes 5 NATCO submerged
process machines and 5 AJAX
eNC-controlied gear scanning
machines. loath by tooth 'gear
hardeninq from .5DP-WDP, up to
115tons. Ask about nur break-
down service.

A_merican Metal Treating Company
Oleveland. Obio
(2161431·4492

fax~ (216)431-1508
Elllail: bmcB@americanmetallr!!Btinq.com

i Web site: www.geSl./echnl1/agy.cam/copsge/amtr;.htm

HOIB SHARPENING
SERVICE

• HOB SHARPENING

• SHAVING CUTTER GRINDING

• TiN .•liCN. '& TiALN
COATING SERVICES

• CUSTOM HEAT TREAT SERV:ICE

Star Eutter Co. '

- --

PICK UP AND DELIVERV IN MANV AREAS

Gleason Pl'AUlER NURnI
CUTTING TO'OILS COR·PORA.TION'

1351 Windsor Road, P.O. Box 2950
loves Park. Il6~ 132-29501

Phone (8115)877-8900
Fax (815) 877-0264

• THIN FILM COATINGS
West iBranch Industries

Subsidiary of Star Cutter Co.
2063 W. M·55, West Branch. Ml 48661

1·888-Resharp· 1-888-737-4277
Phone: (511) 345-iZ865 • FAX: '(5171345·5660

CIRCLE 1157

CIRCLE 152

OPEN TIMiE
os - '900(]lCertified M!anufacturer

has Open Time on ,our l!lew High-Speed
Dry Carbide, IHobber .

• Pump Splines. Our Specialty
• Red Ring KA-l00 CNC Bobbing
• Blanking Ability wilh in-house blanks

to 24mm nla, X 300mm len!llh or with
supplied blanks to l'OOmm dia.

• Precision Grinding of Shafts
• Auto-loading,IOOO to 1 million parts for

both Hobbing and Grinding, I
, .

Part.delivery available within 8 weeks
PH !Precision 'Products

340 Commerce Way
Pembroke'. NH 03215

Tel: (6031228·3321
Fax: (603) .228·3495,

Web: WWW.PHPRECISION.CIJM
E-mail: INFO@PHPAECISION.COM

Rates-Line Classified: 1" minimum, $295. Additional linea $40 per line (8 lines per inch). Display Classified: 3" minimum: lX-

$665, 3X-$620 per insertion •.6X-$585 per insertion. Addjtional per inch: lX-$225, 3X-$215 per insertion, ,6X-$205per

insertion. Gear Technowgy will set type to advertiser's layout or design a classified ad at no extra charge. Payment: Full payment

must accompany classified ads. Send check drawn in U.S. funds on II U.S. bank or Visa/MasterCard! American Express number and

expiration date to Gear Technology, P.O. Box ]426_Elk Grove Village. rL 60009. Agency Commission: No, agency commission on

classifiedads, Materials Dadline: Ads must be received by the 20thof the month, two months prior to publicasion, Acceptance:

Publisher reserves the right to accept or reject classified advertisements at his discretion.
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mailto:progearinc@aol.com
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SERVICE
--------- -

Direct your inquiries to
Ron Hump'hrey;.IGeneral Manager

rDnb@mwgear.com -

GEA!R TOOTH IGIRilNDING
Spur· Helicall

• Herringbo .e Iwith Igroovell

Capacity up to 67-0JD .•
1 1iJ.IP•• 1:&rface,

.AGMAICenificalion'ns,pection
Delivery tollMeet Your Requireme its

idWest IGear Co1p.
2182 E~Aurora Fldl

Twinsburg. OH 4408J'
IP,bone~191

Fax 33O~25.s600

OIRCLE 153,

--------- --

HELP'IVANTED

PARTS & ,APPUCATIONS
SUPPORT

Koepfer is seeking a person with 1\

min. 2 year technical degree, or equiv-
alent experience, for tills entry level
po ilion. The motivated person will be
provided training with an exeellem
opportunity for growth. Responsibil-
irie include telephone customer con-
taer, older processing. shipping and
engineering support for our field slaff.
All applications will be treated in con-
fidence. SCIlII or fax YOllrresume to:

Koepf'lu .America. LLC.
1635 Schneider Driye
SDuthl EIgiD,L 60111

Te'lep'hDne: 841-931'-4121
Fax: 841-931-4192

THE JOBS SECTIDN ION
'lHE GEAR' INDUSTRY

HO'ME PAGE 1M

·JUS,T

EX,PAINIDED!
VilSllT

www.Qieart.echnol.oQiy.com
TOI LEA!RN MOIIRE!!

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

GROUND GEARS PRiEClsm'N GROUN:D' GEA1RS; I
• Bev,al and Hypoid
• Spur and Helical
• Talper Rae'k and Pinion
• Worms ,I Wormwheers
ICURVIC® ICoupl,ings,
(l'I'gbillrd IrId'emalk 01n.. GI.u'On WOrbl

I. PrecISIon Ground Spur, Helical and
lP-umpGears to AGMA Class 15

I. The latest grtnding technology including:
• Reishauer IRl300E

Electronic Gear Grinders
• Gleason fAG 400 ONC High

Production Gear Grinder
• Cinannati Milacron CNC

Cylindncal Grinder
I. Contmuous Process Improvement

Utilizing SPC and: Quality Planning
I. Jlf Delivery using Innavative

StOCking Programs

800-447-.2392
IFax; 716-874-19003
www ..nlagaragear.com
emaU:lnlol'nlagaragear.eom

SU'DA Interna1lional Gear
W,orks Ltd.

P.O. Box. 4, Pittsford, NY 145-34 USA
Fax~ 17161 385·8537

E-MaU: 19knndy@worildnetatt.net
lNWW.sudagea'f.com

I 01Sh!I~.p.nJ
Est 1944

CIRCLE 154 CIRCLE 160

'101"R CHI "P R Il 2000 111

mailto:rDnb@mwgear.com
http://www.Qieart.echnol.oQiy.com
mailto:19knndy@worildnetatt.net


_------------ADDIEN,DUM------------
MARK NG TIME WITH WOOD

lB loeb with wooden gears? In
these days of gears made from
plastic, steel and exotic mate-

. rials; it is a little unusual to
near about a practical appHcatio:n for
woodengears. But that is exactly what
David Scholl, the owner of Changing
Times. a Harlingen, TX, clockmaker,
is offering IUS.

His company specializes in making
wooden geared clocks. U is a one-lime
hobby that Scholl made into a busines .
"I made my first wooden clock in about
1980." says SchoU. "At the time. I was
attending college and working on an
Indu strial ArtslB usiness Administration
degree ..While thumbing througha wood-
working magazine, [ found an article
describing the basic principles involved
in clock mechanisms. Eventually, ~found
the name and address of a company
under the direction of R. D. Thomas. Mr.
Thomas sold (ells)

A 'wooden gt.alfed {'IDe!. COllrtesy oj Changinll
Times.
72 GEAR TECHNOLOGY

geared clocks, so I ordered them and got
to'work." The docks he makes today are
weight driven and can be made 10 run
from 24 hours up toeight days depend-
:ing on the drive train.

That drive train is made up of
wooden spur gears with involute teeth.
These are not little, fine pitched gears.
either. "Because wood is less dense
than other materials, there is an
increased need for structural mass in
order to add strength amd stability to
Lhegear teeth, Therefore, both for
appearance and function. larger DP
sizes are used beginning at ]Q DPand
going lip." says Scholl. who adds that
the gears are made using modified
woodworking equipment. "Table saws
have been modified to accept standard
milling cutters," he says. "Many jigs
and fixtures are needed in order to
accommodate the many sizes of gear
that we make. The rough cut gears are
hand-faced on a wood lathe. Also,

largergears are laminated. from up to
18 different pieces 'of wood and then
cut. This is because wooden gears are
more susceptible to dimen ional
changes due to temperature and
humidity than are gears made from
other materials. This means that warp-
ing lis a. factor to consider. The lamina-
tion proce minimizes this factor;"

The average sizedgear has between
30 and 72 teeth. The diameter of a 30-
tooth gear with a 7 DP is approximaLely
4.5 inches. A gear with 72 teeth wouId
have a diameter of 10.5 inches. Pinions
start at Sleeth and are a,pproJlimale]y
1.25 inche in diameter ..And. according
to. Scholl, these gears will last. "Because
of the low torque and low revolutions-

per-minute.jhesegears should last quite

Woodell Ge(US. ,Courleyy of Chllc1!gillg limits.
some time." He also adds that no grease
or oil is used with the wooden gear. In
fact. no lubrication is u eel on the teeth
surfaces at all. "There ar ball bearings
mounted onthe gear arbors in order to
reduce stan up friction," he a.y, "This is
necessary because, in reality. the clocks
stop and restart every second."

Changing Times sells the wooden-
geared clocks through local pecialty
shops, but Scholl plans to open a Web
site soon. Until then, if you want more
information about Changing Times and
its wooden-geared clocks, send c-mailto
Scholl at chngtimes@ao.l.col1l.0

mailto:chngtimes@ao.l.col1l.0
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www.perrygear.com
Phon,: ,(860) 'J8~1525
Fu: (860) 7.J8~2'4J5

P,erry 'I:eclmology COTp01'stlon
p.o~.Box 21 I 291lldutri,II P.,Jc BOfld

N~w'.lIlLrtford.'CT.. 06057

CIRCLE 134

http://www.perrygear.com



