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• tom Inmg..dressable ID IlLressabJ'e whee'ls.
In addition to KAPP'gworld-renowned
smgle-layer CBN plated grinding wheel
technology, the VAS55.P CNC 5-axis
machine also incorporates an advanced
wheel dressing unJt for dressable wheels.

• lONe inlograted Imeasurlng. In-process
inspection and stock removal
measurement system helps optimize
gear tooth profiles by measuring profile
data aft:ergrinding and feeding corrective
data to the dresser: Complete gear
Inspeetlonand evaliuation after finish
grinding is also possible.

• To IKAPP'IH on. Just. calWAmerican Planter
today at (815) 282-3000 to learn more
about this new KAPP technology ..

Critical
gearloolh
elements are
measured ,fJY
the Integrated
Measurement
System.

Information is
fed back into
theCNCfor
automatic
correction by
the dresser.
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Pfaufer· aag Cuffing To Is
The 1010ls VIOIU! nele!d' 10 c1o!lmpe'lle
into I'lbe nexl' Icenlulr,
You can't meet tomorrow's gear
manufacturing challenges with
yesterday's gear tools, That's
why Pfauter-Maag Cutting Tools
has put into place the world's
most advanced facility for the
development of new gear tool
technology. For example:

New CadJide ManufaclUnng Cell.
Solid carbide hobs and shaper
cutters are capable of.maximum
productivity. Pfauter is helping
customers take advantage of this
enormouspotentlal with a new
Carblde Cell. where eNC form
gr.inders and other advanced
mach:ines are dedicated to
increase production and ensure
consistent quality of the carbid -
product line.
New ;PVDI 'Coating Capaltily.
A revolutlonary new Hauzer
ABS ,coating system can provide
a variety of advanced thin film
coatings, including TiN, TiCN,
and TiALN. This enables coating
selection based on specific
application requirements, thereby
optimizing tool performance.
New IteM'TreatmenI Processes:.
New high performance vacuum
furnaces are now being used
to provide hardening cycles
customized for teday's advanced
P/M high speed steels. This allows
full optimization of material
properties, resulting in tools that
offer improved cutting performance
and more consistent tool life.
For more information, contact:

CNCCi.mbide.Fo.rm Grinder
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Limited Partnership
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and a whole
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Sophisticated cutting
mechanisms give you
high productivity for
gear shaping needs up
to I meter diameter.

Get high precision gears Cut gears up to 450 mm
-up to 1meter-with fast.with simple set up
our gear hobbers-fast. and conversational

programmmg on our
gear shavers.

Our highly precise
grinders give you gears
that meet the highest
world-class standards.

The most complete family of',gear cutting machines
share Mitsubishi machine canst rua ion, Milsubishi
software, and common controls. For the fastest
CNC learning curves and the highest quality gears,
contact your Mitsubishi representative today.
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PUBLlSH!ER'S, PAGE

Every now and then a magazine has
to take its own pulse or Jose sight of its
key mission-providing its readers with

information they want, We did it this

last year through urveys, interviews
with subscribers and focus groups. Our
basic question was, how axe we doing?

The answers were encouraging (and
in some cases flattering) for us,
although the people we asked were

more than willing to share their ideas for
how we could improve. We'd like (0

share some of their observation w.itll all
of YOIl and give you a chance to put in
your two cents worth as well.

While most. of the people we asked liked the "new" Gear Technology and it wider variety of article subjects and types,

almost everyone encouraged us to remember our 'core competency"; that is. providing technical article about 'the de ign and

manufacture of gears and geared products. That's still the thing you seem to want most. A close econd was material, that i time-
ly. Informadon about new research, products and processes is very important to you. As we plan our upcoming i sues, we'll be
keeping these facts in mind.

The readers we spoke with reminded us again of the fact that many of you keep past issues of the magazine and use them for

reference. They also expressed concern about the difficulty of finding particular articles from past issues. We've taken the hitu, and
as the year goes on, well be updating our indexes and developing ways 10 deliver back-issue information to you efficiently.

Some of the most helpful infonnation, from our point of view, was the discussion of reading habits and the ways you do (or
don't) respond tothe magazine. For years one of our biggest challenges has been getting you 10 contact our advertisers and us

through our readerrespon e card . We keep a king ourselves. is there a better way to do this? Acccrdiag to the subscribers we
spote with, everal factors come into play. The need for rapid response is a key one. As the pace of business has picked up. the
need for information NOW as opposed 10 weeks or months from now has increased. I

A1 0 affecting the way you 1.1 e the re pon e cards is the fact that because the gear
industry i 0 small and collegial, it' ju teasier to call a friendat the company

whose product you're interested in and gel the information directly.
The traditional reader response sy tern apparently just isn't fast enough. With

thatin mind, we're working on developing ways to help you get the product infor-

manon you need more quickly and directly.
We're still encouraging you to contact us through reader service cards or by fax,

phone or mail. 'four input i .ab olutely vitaltc us and our advertisers; bUI we under-
stand that business realities today require us to make that process easier and faster
for you. Therefore, we're also working on ways to widen our lines of communica-

tion and make them more user-friendly.
Pul e-taking i always a. salutary exerci e. Thanks to all of you who havetaken

time in the past year to let us know what you think about how we're doing. We appreciate the input. Keep YOllS eyes out in the
coming months to see the use we make of the information you've given us. And keep those comments coming. They're absolute-
ly key to making Gear Tec:hllOlogy the best and most useful magazine you receive,

Publisherand Editor-ill-Chief

MARCH/APRIL. 19&6 ]'
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WORLD'S LARGEST S,UPP'LI'ER' IOIF
IND'UCTION HEATING EaUIP'MENT

R,ECOGNIZED WORL'DWIOE,

II.NDUCTOIHEAT BLENDS COM-

PUTER CONTROL CAPABILITIES

AND ENGINEERING KNOW-HOW

TO INSURE YOU RECEIVE A

STATE-OF-THE-ART HEATIN·G

SOLUTION,

THROUGH THEIR INTERNATIONAL.

ENGINEERING NETWORK AND

I N-H OUSE TE STL.ABORATO·

RIES, INDUCTOHEAT F"ROV.IDES
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TION T'ECHNOL.OGY TO THEIR

CUSTOMERS,

• ANNEALING,
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HEATING TECHNOLOGY,
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MADISON HEIGHTS, MICHIGAN, USA
~HoNE!8101585-9393
fAJ( (810) 589-1062

.See US althe
,AS'MHeat Treat Expo,

March 1!J!--211.1!996.
ICincinnati:, Ohio,

BODtfI,,31&
•IN'DUCTO,HEAT
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info@induct,oheal.com
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Heat Treating Challenges
forthe Future

Iihe .heat. treating of
gears presents a diffi-
cult challenge to both

__ the heat treater and
the gear manufacturer. The
number and variety of vari-
ables involved in the manu-
facturing process itself and
the ubsequent heat treaLing
cycle create a complex
matrix of factors which need
to be controlled in order to
produce a quality product. A
heat treater pec.ializing in
gears or a gear manufacturer
doing hi own heat treating
must have a clear under-
landing of the e i ue in

order to deliver a qualuy
product and make a profitat
the' arne time. The situation
also present a number of
area that could benefit
greatly from com inued
research and development,

'Crmca1l[ssues in Gear
u,eat Treating,

Material and Faln'i-
cation Mel'hod . Material,
their chemical. compo iuon
and variation from one up-
plier 10 another pre ent many
challenge 10 the heal treater
of gear . Complicating the
i uei 'the specifle gear
geometry that mu I be re-
rained after the heat treating
process. The gear geometry
parameters such a number
of teeth. involute profile,

Where the industry should' go from here.

ID,r: A. HI,.:Sonii

pressure angle
diameter ,are of critical
importance, as are geometric
slteration to them caused by
heat treating.

Gears are fabricated a
number of diff,erenl. way.
including hobbing; casting,
forging, and powder forming.
Heat treating process specifi-
cations mu t also consider
the influence of these fabri-
cation prooes es.

These heat treating is ue
may be re olved al the gear
fabrication tage by coopera-
tion between the gear de ign-
er and the heat treater in
developing an SPC trategy,
Using availablepredictive
models. gear geometry may
be purposely aliered uo
account for part. distortion
after quenching, A controlled
quenching proce ~ will com-
pensate for such a predeter-
mined alteration ill the gear
geometry. and the gears will
then need few geometrical
corrections. Proce es : uch
as die quenching should be
avoided, for they set up un-
warranted re idual stresses.
Again, a unable application
of control lechno.logyto
rapid cooli liS may help
obtain the de ired re ult,

lla~dening Methods. The
heat treater must also ,addres
the question of whether the

gears are to be urface- or
bulk-hardened. Either induc-
tion or flame hardening can
be used, although induction
hardening isthe preferred
method! for gears.

Another surface hardening
method is ihe surface carbon-
diffusion carburizing process.
Gas carburizing of gear tooth
surfaces to achieve the
desired! carbon content and
the corresponding surface
hardness i a. more common-
ly accepted proce for low-
carbon or alloy teels,

Alternative to urface
carburizing are carboaitriding
and nirriding, Since nitriding
is done at a lowerternpera-
lure than carburizing, gear
distortion is not as severe,

Purnoee Atmospheres.
Controlling rhe furnace
atmo phere for urfaee car-
buriz.ing all' nitriding i n criti-
cal issue in achieving the
desired carbon or nitrogen
surface peneirati n depth, For
earburizing, the carbon depth
is significant. [n nnriding, 11Ie
surface depth is only ski III

deep to achieve the desired
wear properttes, Both of these
processes are associated with
dimensional changes.

Furnace behavior and
alma pheres in 'the furnaces
may be censrolled u ing
expert systems, neural nels

Dr; A. HI. Sonii
is director oj rhl:Center
for industria! Hea!

Treating Processes 01 till'

University of incinnati,
CillcillllOti. OH, He is
also all Olrio Eminent
Scho/(Jf arid has over 25
year.f of experience III
Ileal treating.
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____ !FUTURE PERfECT? _

and fuzzy logic integrated
con trollers. These tools
address. both the universal
and local variable that dic-
tate the quality of heat treat-
ed gears. The fuzzy logic
controller is able to control
the case depth very preci ely.
while maintaining a con-
trolled furnace atmosphere.
AI 0, since the fuzzy logic
controller i able to track. the
energy input 10 the furnace, it
can deliver carburized gears
with optimum energy and
cost. savings.

These advances in compu-
ten; and computer-integrated
controls make it feasible for
heat. treaters to adopt such
advanced technology. How-
ever, the U.S .. heat treating
industry i lagging behind in
its application, which is
much more common in
Germany and Japan.

Quellcllillg, 'Gear tooth
hardness is achieved through
a controlled cooling process
called quenching ..Quenching
involves heating a gear to a
desired temperature and
cooling it at a rapid rate to
achieve desired hardness.
While the principles Q1f the
quenching process may be
knows wuh some degree of
reliability, the acrual practice
in a heat trearmg shop is a
closely guarded mystery.

The rate of cooling is
dependent upon the type of
quenchant, number of stages
involved. agitation rate of the
quenchanl.gear location and
oriemation in the quench
tank and quench contamina-
tion and degradation. The
process has too many vari-
ables to control and produce
uniform.ly consistent quality
results for gear heat treating.

Unfortunately, heat treat-
ers have learned to live with
part distortion. Instead of

developing a process control
strategy. III y have spent their
resources expen ive equip-
ment and technical talems
stralghtening distorted parts.
According to some estirnates,
!:heU.S ..autoindustry spends
million of dollar a year
solving problems created dur-
ing quenclUng.

s.tress Relieving. Stres
relieving quenched gear i
normal practice in the indu ~
try. Controlting the stress
pattern, within th gear tooth
and understanding the mi-
crostructures and grain size
during heat treating is anojh-
er matter. The role of the
microstructure ,. grain size
and residual stre di tribu-

is generally well understood
by heat treaters: however. not
much importance i given to
these variable in practice.
U er-friendly technelogy '10

analyze the influence of these
variables j mu h needed.

Equipme.rlt. Heal. treating
equipment play a igniflcant
role in developing heal. treat
processes and heat treat spec-
ifications for gears. Since the
processes are dependent on
the equipment. thetechnolo-
gy is vendor-driven. Mo t

commercial :l1eal.treat hops
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1ft .nybevll All GMI bevel gear tools offer the same
high precision and high performance as
OEM tools. only at a significant savings!
Our tools use high-tensile steel to increase
their resistance to wear and increase the
volume of material removed between
sharpening operations.

Strict manufacturing specifications on
process and heat treatment guarantee high
Quality throughout the tool life. Excellent
tooth finish is ensured by precision
machining and superior control of surface
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_-------------FUTURE PERFE.CT? _
are limited in their resources:
hence, they are unable to keep
up with the capital investmem
required for implementation
of new processes.

U.S.. heat treaters eventu-
ally will have to face this
fact and develop their own
technology instead of de-
pending upon the vendors,
but this creates an additional
burden 'On them. A reason-
able solution is to develop a
joint collaborative effort
among the material suppli-
ers. equipment vendors,
process controllers and heat
treaters to serve their clients.
Professional. groups such as
the ASM Heat Treating
Society are in an ideal posi-

tion to serve this purpose.
Stalldards .. Many heal

treatment standards are
available today, but with
ever-increasing international
competition, pressure is on
heat treaters to learn to com-
ply with ISO standards and
practices. Accepting the ISO
as a universal standard is a
way to establish common
ground for heat treaters to
understand their client needs.
The existing heat treatment
standards will become tile
backbone of the [SO stan-
dards. Such integration of
standards will create a
win/win situation. Not only
will everyone be speaking
the same language, but when
disputes about processing
and legal liability arise, a
heat treater would have the
commonly accepted [SO
standard to back him up.

In the meantime, the
University of Cincinnati
Center for Industrial Heat
Treating Processes lila a
database-integrated expert
system for pes that permits a
user to search for suitable
heat treatment standard for

12. GEAR TECHNOLOGY

a wide variety of materials.
These standards (all in
English) are from the U.S"
Japan, France, Italy. Ger-
many and other countries,
Given a material designation
or composition, one may
searchthese standards and
compare the differences in
the various specifications.

Present environmental
standards for the industry are
another cause for concern.
They are very restrictive. In
some cases, meeting these
standards can put a heat
treater out of business ..Some
kind ol'common ground will
have to be developed to
allow heal. treaters a reason-
able profit margin while still

Tr:ainirlg ..Training of per-
sonnel to keep up with tech-
nical advances is a critical
issue for the captive and
commercial heat treaters.
Most educational organiza-
tion do not offer a practice-
oriented education training
program 011 heat treating.
The practice in industry is
labor- intensive and still
relies very heavily on local
experience .. This is another
area in which much work
needs to be done.

Advances in Heat Treating
Science. Technology

and Its Practice
We have briefly discu

the issues which influence
the way heat treating is done
today, How the indusfry
addresses these issues will

determine what. the industry
will look like in the future.

New technology and ap-
proaches are now available
for the heat treating industry
if it will only take advantage
of them. They include:

• Process development.
and its control,

• Networking to share com-
mon re ources and problems,

• Materia] handling to bring

•. Development 'Ofproduc-
tion schedules to reduce
cycle times,

• Implementation of real-
time process control,

• Training of personnel to
learn and implement new
heat treating technology.

Because of a large num-
ber of variables that affect
the outcome of heat treated
gears, heat treaters should
developtheir own process
control strategies to deliver
quality in their work. While

the typical methodologies
remain the same in develop-
.illg such process con troll
strategies, the approach has
to be individualized by each
heat treating enterprise. Tile
Taguchi method to identify
the significantly contributing
parameters, statistical pro-
cess control, quality control,
pm control and fuzzy-logic-
based control are some of the
technologies that one may
apply, depending upon the
process and the required
degree of control

Networking of heat treat-
ers, equipment vendors and
material suppliers is an alter-
nate approach to gaining the
knowledge needed to devel-
op a process control. The
ASM Heat Treating Society,
'Ohio's Heat Treat Network,
the Metal Treating Institute
and the University of Cin-
cinnati's Heat Treating
Research Center, among oth-
ers, provide avenues for heat
treaters and the users of their
services to link lip.

Material handling is a key
to automation and is very
much needed in the heat
treating industry, Because of
smaller batch sizes and part
and materia] variation, heat
treater should look into
developing flexible heat
treating work cells. Adap-
tation of such new technolo-
gy will significantly improve
serviceability, productivity
and profit.

With a suitable develop-
ment of flexible heat treating
work cells, II heat treater is in
an ideal position to develop a
production schedule and
optimize his resources to
give the best turnaround,

Real time process control
is needed in gas carburiziag,
nitriding and quenching.
However, much work remains



to be done in thi area beyond
integrating the sen ors in the
furnaces to control the fur-
nace ulmosphere.

Training of the personnel
is a.key to developing a qual-
ity heat treating proces .
However, becau e of the lim-
ired number of re eurce
available to the heat treater
and to the educational in ti-
turions, th is i sue ha not
been addressed at a ati fnc-
tory level. Plenty of room for
progres remains.

New Materials and
Processes

New materials that will
provide some challenge to
gear heat treating industrie
are the composite material .
Metal. matrix compo ites in
particular are expected to
change the way we will fab-
ricate gears with a de ired
degree of hardness and other
mechanical properties.

The nitriding process has
gained significant acceptance
in the heat treating industry.
With some modificauon, it

may replace the popular gas
carburizing process, which is
very time-consuming, costly
and creates evere metallur-
gical problem. The induc-
tion hardening proees may
get replaced by apatented
gas heat treating process
under development that is as
fast as induction heating.
Since the heating cost is con-
iderably less in this process.

the fast heating gas furnaces
show promise for the indus-
try. Much development i
needed, however, before thi
fa t-heating ga fired fur-
nace' integrated proces
commercialized.

CuUiing Edge In Heat
Treating Reearch

Some of the important
issueslhat need 10' be
addressed now include:

• All affordable. user-
friendly computer simulation
model for predicting gear
distortion as a result.

• All affordable, user-
friendly computer simulation
model for predicting residual
stresses ill heat treated gears.

• An affordable user-
friendly computer model for
the quenching process to
achieve (he desired hardness
and micro uucrures,

• Real-time process control
methodology for heat treaters.

• Design and implementa-
tion of flexible gear heat
treating systems.

Using tile finite element
technique, The Center for
Industrial Heal Treating
Processes has developed
models for predicting part.
distortion and residual stress-
es in gears that are made
from plain carbon and alloy
steels. The Marathon Meni-
tor has developed II model
for the gas carburizing
process. The National Center
for Manufacturmg Science
(NCMS) through its CRADA
agreement with the national
government laboratories is
developing a quenching model
for neat treating processes.

While a significant amount
of new technology is being
developed and may be avail-
able to the u er,the industry
is still pursuing II pragmatic.
be t-compromi e approach to
delivering the quality heat
treating service. The ideal ofa
100% guaranteed, completely
cnntrollable and predictable
process that is affordable for
the customer and profitable
for the provider is still a long
way away. 0
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Minimizing Gear
'D""·' • D •,_..•istortion •.urlng

Heat Treating

rn raded hardening technology has proven
over the years to yield very good results
~hen used in ~e heat.treating of carbur-
ized gears. It rs especially advantageous

for mailer companies, subject to higher competi-
tive pressures. Unfortunarely, despite the fact that
graded hardening is a very well-known method
its ue has been limited. We trongly recommend
this technology to a'll of those who need to pro-
duce gears with high metallurgical quality.

A Few Well-Known Facts
The di tortion of the gears made out of case-

hardening steel is one of the biggest Haws in the
carburizing-hardeaing process, This distortion
causes great difficulties in the manufacturing
process, complicates machine tool technology,
calls for costly rea.djustmentand straightening
operations. prolongs the manufacturing cycle and
drivesup 'the costs,

When geartooth distortions are so great that
grinding cannot correct them, iii reduction in the
case quality follow. Among the results are

• the exaggerated grinding of the carburized
layer.

• the removal of carbides 0111 of the carburized
layer.

• the deerea e in the hardne of the carburized
tooth surface.

• anomalies can ed by rough grinding of !he
carburized layer.

In the broader ense of the word. di tortion
include both the notion of "Variations of dimen-
sions" as well as the notion of "curving." The
variation of dimensions caused by trucrura! ten-
sions is unavoidable. while curving is an avoid-
able distortion of the gear caused by inaccurate
heal. 'Iliealmeot. such. as faulty beating artd cooling.
inappropriate placement. of the gears, uneven car-
burization, single- ide carbu:rization, structural
defects. etc,

The variation of dimensions i determined 'by
several elements. One of the most important

Flg..1- The correet dlstrfbutlon of flbers In a ge!!r;

Start Of Transformation

M

TIme (sees)

Fig, 2- Cooling curve.
determining factors is the connection between the
depth of the case and the thickness of the gear
tooth, The case is dominant in gears with a layer
of carburization that is more than half !he thick-
ness of the gear itself, Stich gears will shrink in
the Largestdimension.

If, on the contrary, the case is small compared
tome tooth section. the variation of dimensions is
determined by the way the case responds to the
transformation that produces a larger or smaller
growth of the largest dimen ion, according tothe
type of gear and the quality of the steel. For exam-
ple, we have noticed all increase in the spindle
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rallt from Minnetonka,
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rwmerous books mid
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subjects.

MARC'tHAPRll 19l1e 15



Temperature (0C)

Time (sees)

shop for preliminary hardening and tempering.
Unfortunately, this type of heat treatment cannot
guarantee the desired results. Instead, only isother-
mal annealing can yield results such as

• a pearlitic ferrite suitable for machining and
finishing,

• a structural homogeneity in both the thick: and
thin areas of the gear, which also helps the dimen-
sional stability after machining at cold tempera-
tures),

• smaller distortions in later: heat treatments as
shown in Fig. 1 (Refs. 2-3).

It is true that to implement the isothermal

annealing technology, one needs to invest in an
appropriate furnace, and that such equipment. is
expensive for the small heal treating shop.
However, the gains in quality often more (han off-
set the expenditures.

The Technology
Most gear manufacturers use up-to-dare

machine tools and quality control technologies,
but the high precision employed in machining the
gears is often destroyed by the di tortions occur-
ring during heat treatment. Some of these distor-
tions can be eliminated through grinding. but it
often causes defects in the metallurgical quality of
the rectified surfaces.

Fig. 2 shows the well-known cooling curve.
This transformation curve is not a particularly use-
ful reference for cooling gears in a quenching
medium such as oil because of both the gear thick-
ness and the sectional variations (the thicker the
gear, the slower the cooling of its core). Cooling
along such a curve yields a high residual tre s,
This is caused by the difference between the
austenite transformations in the material's core
and in its outer layers. Aaother reason is the vol-
lime contractions that take place at the edge of the
gear while the core is still hot and dilated.

The accumulated residual stresses lead, in turn,
to plastic distortions. When the value of these dis-
tortions exceeds the yield point and the rate of
breaking resistance, cracks occur. We can suc-
cessfully avoid such mishaps with gears made out
of carburized steel by employing a graded hard-
ening method. This works because the cooling of
the gear now takes place above the martensite
superior point Ms, thus maintaining this tempera-
ture for as long as it is necessary to establi II an
even temperature within the entire mass of the
gear (see Fig. 3).

This holding time is calculated so that the con-
version of the austenite does not begin in the car-
burized layer. After the prescribed holding time,
the cooling continue in open air.and the 311 tell-
ite begins its conversion to martensite ..

Fig, 3 - Cooling CUFVt uslng graded hardening,

Lower Bainite

M,

M,

Time (sees)

fig ..4 - Lengthening the holding lime,

Temperature (0C)

M,

Time (sees)

fig,. 5 - Lengthenlng the heldlngtlme even further.

dimension for spindles and shafts, but an increase
in the radial dimension of gears, dials and flanges.
The higher the hardenability of the steel, the larg-
er the increase in spindle or radial dimensions.

In addition, the gear fibers impact the variation
of dimension, which is known to be larger in the
direction of the fibers, Fig. 1 shows the correct
distribution of the fibers of a gear.

Most gear manufacturers receive relatively
small orders, in the range of one to 300 gears.
They manufacture the gears by cutting them out of
rolled bars and send them to the heat treatment

16, GEAR TECHINIOLOGY



IT the holdlag time is lengthened so that the
cooling curve intersects the TIT curve (curve 4 in

Fig. 4), the result is a heterogeneous structure
made out of several structural constituent .

[f the holding lime is lengthened enough so the

cooling curve goes beyondthe TIT Curve for the
end of transformation (as shown in Fig. 5), the
result is an isothermai-bainitic hardening, not a
martensitic one.

Note in Fig. 5 that the curve first stops at about

point Ms; it is maintained at thai. level without
t.oucbing the 1Tf curve for the beginning of

transformation and then finally continues with the

open air cooling. When the part is taken alit ofthe
salt bath where the first phase cooling takes place,

the martensitic transformation of the carburized
layer hasn't yet begun. This explains why the part

is still somewhat plastic. The martensitietrans-
formation takes place only during the later cool-

ing in ambient air,

This kind of heat treatment yields a marten-
sitic tructure. This is the same as in the tandard
hardening in oil, except that the crossing of the
rnartensitic interval from a temperature corre-

sponding to the Ms point down to the ambient
temperature is done steadily and evenly for all
sections on the hardened part. It is very important
to know with orne precision the point of marten-
sitic transformation Ms, that is, the temperature at
which the steel acquires a martensitic structure. It
is at this point where the steel acquires tile hard-
ness produced by the treatment. This temperature

is ilmportantbecau e it determines the ideal con-

ditions in which to do the martensitic hardening.

Application to Gear Maoufacturing
Graded and i othermal hardening is common-

ly applied to structural tee!' However. its appli-
cation to carburized steel in the manufacturing of
gears seems to be largely unknown and is per-

cei ved as difficult.
A gear or any carburized part is made out of

several layers, with a decreased ratio towards the
core, To simplify the discus ion, we shall disre-
gard the variations of !he Ms point due to varying
percentages of carbon, We shall consider only

two temperatures corre pending to the Ms point:
one for !he core and fhe other for the case.

The core of the gear will have a rnartensitic
point Ms higher than the corresponding Ms poi nt
for the case. This fact leads to ihe core undergo-

;ing the pha e tran formation in ide the cooling
bath first. followed by structural transformation
of the case outside {he cooling bath that is in the
ambient air. The structural transformation of the
core, involving a corresponding increa e in vol-
ume, tales place before the case has undergone

Temperature (OC)
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Fig. 6 - Example for a sa.mple steel.
the phase transformation. Thus it remains in a
plastic state.

As anexample, we shall use a steel containing
nickel, and chrome that has been carburized, We

will use this steel to analyze these two thermic
phenomena, that make up the graded hardening of
the case-hardened . teels.

Fig. 6 shows in semilogarithmic coordinates
the beginning (a-a') and ending (b-b') curves of
the isothermal 'transformations, 01" the core (C =
.18%) in dotted lines. The same figure shows with

a continuous line the beginning (c-c') and ending
(d-d') curves of the isothermaltransformation of

the case (C = 1.00%),
TO'compute the Ms poiru for a specific stock of

steel. we employ the following formula (Ref. 3):
Ms=539-423C-30.4Mn~ 17.7Ni~ 12JCr

~7.5Mo
Thus, for the steel used in our example, after

performing the operation of austenitization at
approximately 850DC ,,1.560DF), fcllowed by
cooling in ,3 salt bath, we notice that

.' the non-carburized core of the gear is trans-
formed into lower bainite, because the curve of
transformation of the uncarburized layer is on the

lefl. side of the transformation curve for the case,
·Ihe case remains austenitic.
The temperature T (See Fig. 6) must be higller

than the martensjtic temperature so that Ihe
martensitic transformation is avoided during the

cooling of the gears in the sail bath.
ole in Fig. 6 (hat the core is liable 10 under-

go an isothermal nansfonnation=-the area

between the b-b' and the c-c' curves. Here we
obtained a greater cohesiveness and toughness in

the core of the gear. Although tile bainite is less
hard than the martensite by a few Rockwell units,
this does not affect the bending resistance of the

gear tooth, Often. the appearance of bainite nee-
dJes is also joined by a martensitie structure,

1'1MARCH/APRil 1998
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Fig. 7 - Results after graded hardening and oil quenching.
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Fig. 8 - Conicity distortion in (a) hardening In 011vs, (b) graded, hardening.

The transfonnati 11 of the core of" the carbur-

ized gear into a bainitic-martensitic structure is
made withom important contractions. During this
lime, the case remains unchanged austeuirically,

The martensitic transformation at' the case
takes place during the cooling in ambient air.

The martensite structure of the case leads to all
increase in the specific volume. This in tum leads
to compression stress, and therefore the resulting

distortions will be very small and within allowed
tolerances. This compression stress in the case
brings about a higher resistance to fatigue, mak-

ing the case less sensitive to external potential

stretching trains.

1:8 GEAR TECHNOLOGY

To determine the holding time T (see Fig. 6)

one must take into account the geometrical hape
and weight of"the part. The detenninationi .done

through a series of tests.

Analysis
The advantage of using graded hardening

technology comes from the fact that the marten-

sitic transformation in the case occurs after the

transformations have taken place in the core of
tile gear. While holding the gear ill the salt bath,

the temperature in different sections of the gear
become even, leading to imultaneou transfor-
maaons duringthe subsequent cooling in ambient
air. This avoids tile distortions and cracks often
resulting from the hardening operation.

The TIT curves used in carrying out these

heat treatments provide only general hints as to

what the transformation temperature may be.
They do not help in determining the duration of
the transformations because the gear weight
sometimes requires modifications of the holding
lime. III actual practice, the gear weight does

ometimes require adjustments of the temperature
of the alt hath as well .

Thus one must use the austenite isothermal

distortion curve very carefully. For example, a
different rate for one of the alloy elements yields

II change of the temperature of the Ms point.
Different hardness results may also be

obtained for different holding times in the salt

bath and different temperatures.
Till dependence is useful in the hardening of

gear with thick walls, where the danger of
reduced hardness ishigher, Thus, a lower bainitie
structure may yield a hardne s of Rc = 57, wllile
a superior bainitic structure may yield a hardness

01 Rc = 43 (Ref. 6) .
This advantage of being able to get a Ilower

hardness in the gear core is successfully used for

gears that. must undergo large bending efforts.
Examples include the gears used in tank gearbox-
e , gears for heavy vans, gears 'Used in machine

tools, etc .. It is worth mentioning that bainite
offers a very good quality to the finishing surface,
both for low and high machinability peed .

The holding time ill the graded hardening baih
is relatively short-approximately five limes the
duration of the standard hardeningjn oil This
holding time varies with the gear size.

The saltbaths used to cool the gear are some-
what different than ordinary baths: They must
guarantee an even temperature during the entire
holding time (See Fig. 7).

This technology yields case hardness around

Rc = 58-64. The hardness in the gear core can be
determined from the gear shape.



'Conclusions
The . dvantages intreduced by the graded

hardening of gears made out of ca e·harc.iening
steels compared 1.0 the standard technology of
hardening in oi.11come from the chronological
inversion of the cooling transf rmation . in the
case '\IS. the core. A second basis for these advan-
rages is the facl that the temperature across the
pari.' section is kept even throughout the i other-
mal holding time.

The graded hardening approach yields reduc-
Lion in th gear di tortious of over 55%. when
compared to the distortions measured on gears
hardened using the standard method of quenching
in oil {Refs. 4-5),.

Fig. 8 show the difference in conicity di tor-
lion forthe tandard hardening in oil (a) \IS .. lhe
graded hardening technique (b).

Fig. '9. illustrates the ovalness dismrtions for
the same two technologies. The two curve how
the values for numbers ofgears between I and 10
( ee Figs. 10-[ I).

Taking illlo account the 'uncenainly and prac-
tical difflculties we face when employing the
standard hardening in oil. w strongly recom-
mend the g:roded hardening technology in aU I II
cases when small distortion . in the heat treated
gears arc desi red. 0
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The Effect of
Metallurgy on the

Performance of
Carburized Gears

Dr. Ma.uriice IHowes

Introduction
Gears are designed to be manufactured, pro-

cessed and used without failure thJoughout the
design life of the gear. One of INFAC's objectives
(*seep.24) is to help manufacturers improve the
manufacture of gears to optimize performance and
life. One way to achieve this is to identify failure
mechanisms and then devise strategies to overcome
them by modifying the manufacturing parameters.

Over 20 modes of gear tooth failure have been
identified by AGMA (Ref. 1), and they are often
divided into the four broad headings of wear.pit-
ring fatigue, plastic flow and tooth breakage.
Nevertheless, Ku (Ref. 2) believed it was more
logical to classify the gear-tooth failure modes
under the two basic categories of strength-related
modes and lubrication-related modes. However,
this separation is not entirely possible and in prac-
tice many strength related failures are directly or
indirectly influenced by lubrication.

From the I ,FAC perspective, it is assumed
that the basic gear characteristics, including the
lubrication, the loading and other running condi-
tions, are decided by the gear designer. Thisarti-
cle examines manufacturing parameters to deter-
mine how metallurgical and processing variables
affect gear performance and to what extent gear
life can be affected. even if only qualitative.ly.
Most of the variables affecting performance are
strength-related, although factors such as surface
finish have an impact 011 lubricant film thickness
and ultimately on the gear life.

The Need ror Gear Life
Performance Prediction

Dr. Maurice Howes If gear life could. be predicted, :it would assist
is Chief Scientist at the gear designers and manufacturers because:

Manufactr~ril1g 1. Performance testing of gears is expensive
Department of the llT

Research Institute. and time-consuming.
Chicago, lL.
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2. A performance model would enable the
interacting variables to be optimized.

3. An understaading of gear life factors would
assist the gear designer in optimizing maufactur-
ing cost and gear performance.

Processing with batch-type equipment always
causes variation in metallurgical results from pan
to part. These manufacturing inconsistencies can
directly impact performance. ]t is not sufficient to
recognize the effects of processing OIl gear perfor-
mance. The processing it elf must be applied as
consistently as possible to all parts if the gears are
to perform in a similar manner.

MetaUurgi.cal Characteristics and
Gear Periermaaee

The metallurgical characteristics have a pro-
found effect on performance, and the processing
parameters must be carefully controlled. Even SQ,

the ideal. carburized case has possibly never been
produced, but if it could be, it would probably be
defined as one with. a graduated carbon profile
f1'Omthe surface in towards tile core without any
surface effects such as decarburization, intergranu-
lar oxidation 01' carbides. The amount of retained
austenite that would be tolerated would depend on
the product and its use. The hardness at the surface
would exceed FIRe 60, and the residual stress lev-
els would show a maximum compressive value
very near the surface. However, these conditions
are difficult to meet, and compromises are neces-
sary to accommodate processing limitations. The
following table summarizes metallurgical charac-
teristic that must be considered that affect perfOJ-

mance for three grades of gears, grade 3 being the
highest, probably equivalent to a .ltigbgrade aero-
space gear, The three grades are intended. to be
comparable to those used in ANSI!AGMA 20(H
and to have similar properties.



Elf,"', 01' \ll'Iallurj,(il'al (,hal'al'tt'risli('~ on (;l'ar 1'l'ri'lIrlllam'l'

Inlerllr -ownr
Odd lion

Grade 2 Gear G.... 3 Gt8r
fHJpewtI

HBl'd IllIbilily Verific,ation 00l requ ired
because the peeified proper-
ties are easily attainable,

Verification required 10 ensure hardenabil il)' is sufficient 10 produce Ihe: structures
specified in later item .. Alloy segregation is _non-homogeneous condition ill the base
material composition that is observed rnetall graphi ally in the hardened micro 11UC'

11m: when i.t is se ere enough to affect h!!fdenabilily Ilnd produce trace amounts of
bainite. Thi condition is generally not cause for rejection by il!>elf. bUI itcun interact
with other variables 10 produce un unaceeptable mClullurgical condition.

- onm talllc Inelusl NOI specified because the
required propenie are easily
ttainable.

II i necessary 10 control steel cleanliness and prevent ineluslons causing unex-
pecied failures in highly stressed areas, onsistent material with controlled levels of
defectsi essential 10 prevent unexpected 'life tenninution. A bUldy of ISO standllltls
lind general Eutopean proctice shows Ihat even for the hJgh",. quality material. such

VIM-VAR. occasional defects. which can iniliale premature cmckin . can be
expected, if these defect do n(H break Ifie urface, then lltey cannot be delected by
ffil!gnelicpmticle testing. The recommended way to measure these defects is by
ulnas nie mspecuen on !he turned blank. The chance of such defecl!> being present
and being in a critical area (IJC low. but when il does happen, II calastophic failure
can be initiated,

MIII!)ri!!J
Reduction Rullo,

T~mpuinl: Ann
Suli Hardenl

at pecified,

Recommended.

Mechanical work ing is necessary '10 refine the structure and make it more homo-
geneous, Again we see Ihe need for uniform strucmre and compositions.

Required for improved fracture toughnes« and stability. Also. if 'the part is 1'101

tempered above the working temperature. structural changes cau ed by heating in
service will occur.

Sum e H!llIdn
on Tooth

55-64 HRC. 58-64 HR . Generally. resisiance I pitting fatigue in reases with surface
hardness.

at pecified, Minimum and maximum effective case depth depend on tile ruling standard
IAN I/AGMA 2004-889). Optimumperforrnance lie~ within thiv range.

Core Uardness at specified Cor pitting
resistance. Bul 21 HRC min-
imum for bending fatigue.

21 HRC min. for pilling.
2S HR min. for bending.

21 HRC min. for pining.
30 HR min. for bending.

urfac rbon Fatigue ;,treng!h and hardness increase with carbon content. The surface carbon content of 3 carburized gear will
affect many of the metallurgical and fatigue characteristics that determine gear quality. The surfucecarbcn h 10 be
considered whh alloy cornposition. quench characteristics. tempering conditions lind numerous other hen! treat cycle
parameters used to produce a hardened gear. The proce s variables need 10 be controlled independently 10 make an
acceptable part, bm the nllay composition of the base material will dicuue ~he surface carbon content range.

1be following summariz ~ me surface carbon range as a function ,of alloy content for Grode 2 _nd rack: 3 gearing:
Broad band carbon range: 0.701£ - 1.00.

Alloy, 0 ,poslUOD Ib!ng~
- p 10 2.5 IOta! alloy content
2.5% 10 3.S'" I.OlaI alloy content
Over . ,5% total, alloy content

These figuresare for guidance only! Tighter tolerance are necessary fur high quality parts.

This is detrimernul (0 performance when complete networks ore formed. Intergrunular oxilimion (l,GO) is intrinsic
in atmosphere earhurizlng furnaces. While 'the furnace atmosphere is controlled 10 protect the iron from oxidation, the
water vapor and carbon dioxide components in endothermic atmospheres are still o·xiLliz.ing 10 most of the alloying ele-
ments in the . teel. The oxygen from these components is adsorbed at the surface and dlffuses along the grain bound-
ari . A the oxygen diffuses along the grain boundary. il pulb alloying elements from the usrenite grains and locally
reduce the hardenubiliiy, which can have a deirimental effect on micro tructure, mechanicul properties and fatigue. II
is thi effect on microsnueture Ih!!t contributes 10 transformai ion products be ing present wilh IGO.

The de pth of the imergranular oxidation is generally dependent on case depth. which is function of the lime al
carburizing temperature: therefore, deeper case depths will have deeper intergrunular cxidution depths, Vacuum car-
burizing treatment!> may redo e IGO.

Recommended JoI:thon lRang~
O.8W - !'00'if
0'.75% - 0.9.5%
0.70% - 0.90'}

Coollnllftl 00 _ n.

IoI'ORCMI ....PRIL ase 211



Ellert of \ldallur1-:il'al Charaeteristjcs on (;l'llr I'l'rflll'llUlIIl'l' (Continued I

GndelGeu-
(last crftbI)

Grade3Geu
(HJgbest)

Grade 2 Gear

Intergrarrular
Oxidation
(eont'd)

For gearing applications intergranular oxidation is allowable to the following maximum limits:

Dtametral Pitch Grade 1 Grade .2 Grade ,3
Fine to 6 DF Not Specified 0.0007" 0.0005"
6 DPto3 DP Not Specified 0.0010" 0.0005"
3 DPto2 DP Not Specified 0.00]5" 0.0008"
2 DP and larger Not Specified 0.0020" 0.0010"

NO!1·~b.rtensil:icTrans-
IomratlonPreducts

Decarburizanon

Carbide Preelpjtaticn

ot specified. Should be avoided.
Detrimental to performance.

Detrimental to performance. Decarburizarion is the depletion of carbon on the surface. In carburized pans this usu-
ally occurs during reheating or during furnace temperature when the atmosphere carbon concentration is also chang-
ing. and the non-equilibriu.m condition at the part surface causes carbon '10 be depleted. The surface microstructure of
a decarburized part may have a shallow depth of ferrite and/or bainite. The surface hardness may be reduced. depend-
ing on the severity of the decarburization condition.

Decarburization on the gear tooth surface will affect bending fatigue and pitting fatigue. The carbon composition
change will modify the martensite reaction at the surface and tend to produce a more tensile residual stress at the sur-
face. which will be detrimentalto bending fatigue. The sorter microstructure on the part. surface will also aHecl.lhe con-
tact pitting fatigue. However. if the surface decarburization is not severe. the metal flow characteristics and the work
hardening of the urface under load can combine 10 improve the load sharing and enhance the contact load carrying
capabil ity of the gear.

Does nOI have a
decarburization specification.
but the surface must meet the I

indention hardness specification.:
I
I
I
I

Decarburization is not acceptable.
Partial decarburization lila! is a,ppar-
ent at 500X is not acceptab le, and the
gear tooth surface mu t be Rockwell
C58 and file hard.

Decarburization is no! acceptable,
Partial decurburization that is appar-
ent at 500X is not acceptable. and the
gear tooth surface must be Rockwell
060 and file hard.

Continuous networks
are not permitted.

Discontinuous carbides
are acceptable.

Dispersed carbides
are acceptable.

Carbide structures in the surface microstructure of case-hardened gearing are generally considered undesirable. and
care in the heat treatment process must be taken to avoid carbide formation. The chemical composition of the base
material will affect the tendency to form carbide, Chromium is the most common carbide forming alloying element
used in teelrnaking, Carbides are classified into three 'types: globular or massive carbides, network carbides and sur-
face-film or flake carbides, Each type forms 'Under different heat treatment conditions.

Globular or massive carbides form at the surface of a carburized part when the carbon concentration at the surface
exceeds the equilibrium solubility limit. Controlling the atmosphere carbon concentration below the base material's
solubility limit at carburizing temperatures will prevent the formation of massive carbides.

Massive carbides can also form during the initial heating process, when nascent carbon fr-om the furnace atmos-
phere is more readily accepted and diffused into the austenite phase than the carbon from the existing carbide phase
which developed during pretreatments. If an equilibrium condition is reached between the austenite and the carbide
phases, the carbides will remain in the microstructure. Globular carbides can improve wear, abrusion and scuffing
resistance; but they are detrimental to pitting resi tance during gear mesh sliding.

Network carbides fonn during carburizing when the austenite phase is saturated. with carbon above the eurectoid
composit ion, and tile excess carbon precipitates as,carbides in the austenite grainboundaries. This can occur duri ng the
diffusion process and during quenching if the cooli ng rate is not sufficient to retain all of the carbon in the martensite-
austenite structure. Network carbides are classified metallographically as continuous network. semi-continuous and
discontinuous. The classification reflects the volume of grain boundary carbide present in the case' microstructure.
Surface-film or flake carbide is a continuous or discontinuous layer or film of carbide on the surface of the carburized
case with lillie or no penetration below the surface, Generally this condition forms when the atmosphere carbon con-
centration is too high during cooling from carburizing temperature to quench temperature or during furnace cooling
under protective atmosphere. This condition will give a hightensile surface stress condition. Under contact loud the
film will delaminate and give a crazed surface different from pitting. How this condition will affect contact fatigue is
a function of the film thickness and the microstructure below the film,

I

Semi-continuous network : Discontinuous network carbides are
carbides are permitted. : permissible, Small. 'finely dispersed
Small, finely dispersed globular: globular carbide are permissible on
carbides are permitted in the i {he surface to a deprh of 0.003".
case microstructure. :

Only a light disconnnuous network
carbide with mall, finely dispersed
spheroidal carbides (lhat often precipi-
tate during reheatingjis permissible
on [he surface to a depth of 0.003".
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Gradel Gear

Performance increases with retained au tenite until, hardness start 10 ignificantly decrease. The practical maximum
is about 25%. ACI'05p3cegearsare generally subzero treated to transform austenite. This treatment has been reported by
many reference 10 cause microeracking and thus lower properties and re ull in a lower life. The lNFAC cryogenic tests
will be eXctendedto look for the microcracking effect and assess the condition under which it occurs.

Retained austenite is present in most carburized geaJ' case microstructures. Theoretically in carburized case condi-
tions in excess of eutectoid carbon concentratlcn, the martensite Iran formation reaction can never be complete, and
: orne amount of austenite win remain ,!It room temperamre. Retained austenite is relatively soft. even lhough il is sat-
urated wid! carbon. Retained austenite in a hard martensite microstructure will reduce the overall hardness of the struc-
uire. However, under load the retained au stenite can transform to martensite, and it will strengthen the surface of the
gear and improve its fatigue characteristies, Excessive arneurns of retained austenite or light load conditions will not
have this strengthening effect. and some control of the retained austenite content is required.

Retained austenite concentration is difficult 10 measure metallogrephically: X-ray methods are recommended. The
fatigue characteristic of the gear tooth surfaces are dependent on the material strength (hardness) and not usually cor-
related to the percent of retained austenite. Therefore, it is convenient to control/measure the retained austeniteeffects
as they relate to hardness.

Retained Austenlte

,
Retai ned austenite is acceptable, :
provided the gear tooth surface '
hardness is,31 least Rockwell
C58. At this stress level there is
no requirement for retained
austenite concentration in the
case microstructure.

I

Retained austeni re is acceptable, pro- :
vided the gear tooth surface hardness is I

at least. Rockwell C58. At til is stress
level the retal ned austenite in the case
microsuuciure ' hould not, exceed 30%
measured rnerallographically,

Grade 3 Gear
{H11JhGt}

Retained austenite is acceptable, pro-
vided the gear 'tooth surfuce hard ness
is al lea I Rockwell C60 (Rock ell
15 90) and the. microhurdness at .005"
depth, isat least Rockwcll'59' equiva-
lent The retained austenltein the case
microstructure should not exceed 30%
measured metallographically or 40~
using X-ray diffraction techniques.

NO! speci lied. A tempered martensite structure is preferred for maximirn resistance 1.0 futigue,

Microcracks are small cracks that may develop across oralongside high carbon martensite plates. The cracks are
believed to be formed when the 'tip of a growing martensite plate impinges on another plate. cracking the impinged
plate and/or the growing plate. There i lillie informntion on. the' influence of microcracks on material properties,
However. it is reasonable 10 conclude that any cracking should be detrimental to material properties. ome controver-
sy exists over the role of sample preparation in theincidence of microcrucklng. Certain researchers have shown that
abusive sample preparation can precipitate mlcrocracklng. Also there is some speculation that the etchant may cause
sire s cor-rosion cracking of the martensite plates ..Therefore'. it. is recommended that any specimen exhibiting microc-
racks hould be repolished. lightly etched and observed immediately to confirm the existence of microcracks. A spec-
imen shall be considered rejectable for microcracks under either of the following conditions:

Microcracks
iin Case

I. Seven Or more microcracks are visible in any field at 500X.
2. The longest microcrack in any field at 500X 'i 4 micron or longer.

Bllinite Detrimental to performance. only trace amount should be permitted. Bainite as a steel microstructure component
is classified either as upper bainite. which is formed JUS! below the pearlite reaction temperature. or lower bainite,
which is formed closer to the martensite start temperature. Bainite" which is not a microstructural phase. but rather tI

mixture of ferrite and carbide, will etch dark in the In lcrostructure. The micro truciure appearance of upper bainite wil I
be feathery. and lower bainite will be platelike (acicular) similar to martensite.

II i normally assumed that: I) Most bainite observed in carburized gear microstructures that propagates from the
core into the case region i lower bainite formed during the quenching of the carburized gear. and 2) The bainite
observed on the surface as a transformarion product. is upper bainite. Bainite formation from austenite is not athennal,
but rather requires time for compo ition changes and diffusion of carbon. Increasing the rate of heal extraction from
the gear tooth andror increasing the material hardenability will retard the formation of bainite.

In generat the bainite reaction is not fully understood: however, bainite is not a, desirable constituent in carburized
gear microstructures. It doe not have the high strength properties of murtenslre lind can act as II nucleation site for pit-
ting fatigue, vel)' similar to inclusions in steel. Lower bainite that extends from the ca e to the gear t:OOUl contact sur-
face is not acceptable.

Trace amounts of bainite
are acceptable. provided
'the bainite does not extendup
to the urface of the gear tooth.

Gearing application '. trace amount
of bainite that are observable al
500X are acceptable in the gear root
Iillel area, provided it.does not
extend into the case reg ion past the
minimum effective case depth in the
tooth conra t, area.

Lower bainite that :i~observable at
500X is not acceptable in the case
microstructure in:the contact area.
In the root area, lower bainite is nO!
acceptable in the first 20'h: of the case
microstructure. Heavy pitch gearing mlly
have special customer provision .
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Olbcl" Mb:ed
Transformation
Products

There areother microstructure considerations !hat can affect !be carb\LrizJnghell! treatmern, These items are generally
not permissible in Grade 3 gearing applications and should be reviewed for Grade 2 gearing applications.

Transformation Products: These micro tructure constituents are generally recogniz d lIS detrimental II) the function
of the gear. The transformation products, which occur along with intergrunular oxidation, alloy inversion and decar-
burl zation, are usually a sociated with a localized los in materi al hardenability. Gem:rally bainite, ferrite and pearlite
are present in me 1r3~ {ormation mtcrosrrtrcrure.

'Generally trace amounts of transformation product observable at 500X on the tooth contaet urface are acceptable
in Grade 3 ge!lJ"lngapplications. for Grade 2 gearing application, some transformation product is permissible (5%
al 500X) to. a depth limit of half of the [GO depth peciflcation, Gmd.e I gearing generally will not have II pecified
requirement,

Core Structure

Surface Cracks

NO! specified, Best performance obtained with tempered martensire.
A trace of acicular ferrite' and bainite, is permitted. but blockly ferrite is noI.

Not permissible in functional areas.

Suri' ce Tempering
or BurnIng

lot specified. Burning or tempering is detrimental 10 performance !!JJdis not permissable,
particularly in Grade 3 gear.

hOi Peening

Case 'Grain Size

01 sped fied, Enhances fatigue ~trength due to forman n of re idual tre ses,

A fine grain size is known to improve fatigue strength,

Residual Stress Proflle Shot peening, enhances fatigue resistance, but if not done by an automated method, it produces variable result .

Case Carbon Proflle

24 GEAR TECHNOLOGY

the case carbon profile may be changed by altering the parameters of a boost-diffuse cycle. It is believed that a. flatter
curve near !he surface enhances fatigue resistance,

Summary
Many of the characteristics in this table are con-

nected, and gear performance can be maximized
by controlling a few key factors listed below.

Malena/. The teel has to be uniform ill com-
position, be without surface defects, and have ade-
quate Ilardenability to produce martensitic struc-
lures :in the size of gear being manufactured.

Carburizir.g.. The treatment needs to be con-
trolled to produce a unifonn profile case, preferably
in an atmosphere that excludes oxygen. Surface
effects during. carburizjng must be minimized.

Ral1denill,g •.The hardening process should not
decarburize the steel, and the quench should be
uniform, acres 'the batch. A subzero treatment can
be used, if nece ary. to control. austenite.

arillding. The grinding process needs careful
control to prevent nrfaee overheating (buming)
or tempering during aggressive metal removal. 0

References:
1. "Nomenclature of (lear Tooth Wear and failure,"
AGMA Standard llO.Q3. 1962.
2. Ku, P. M. "Gear failure Modcs=-lmportance of

Lubrication and Mechanics." ASLE Preprinl No.
7SAM-SA-I ..

"Note: The illSlrumented Factory for Gears (INFAC) is
a U. S, Arm}' Center of Excellence; and il is carrying
OUI a program being conducted by thi! IFF Research
Institute (UTRIJ under ,the management and direction of
the U. S. Army AI'iation alld Troop Command: The mi -
sion for lNFAC is the development and application of
technology to ensure an affordable, responsive and reli-
able U. S. gear production capability 10 meet current
and future DoD requirements. The technology devel-
oped at INFAC is available to all U.S. industry, and
requests for project listings and reports of completed
programs may be made to llTRl at 312-567-4264.

rell Us Wba1 You Think. ..
If you found this anicle of interest and/or useful,
please circle 204.

For more information about INFAC please circle 205.



Inspects tOI .AGMA or
DIN standards with
computer ana'lysis
Gear analysis is 'nOW simple and
accurate with our Double-Flank

Gear Roller and IBM compatible software. Inset. shows Master
Gear rolling with helical parallel axis component.
• Perform total composite, tooth-to-tooth, nick,

and runout analysis.
• Display component tolerances and ana'lysis results.
• Computer indicates out-of spec values .
• Analysis with AGMA or DIN Standard.
For FREE brochure, circle reader service number.
For FAST action, call 513/859-8273 or FA_X513/859·4452 .
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firederick ,JI, Teeter & M'anfred B'eirgeir

evernJ trellds ill mechanical. engineering
arc leading 10 greater surface stress on
components and thus to unacceptable

_ wear. These trends include greater stresse

due' to increased power densities: the need to main-
tain high preci ion of components throughout their
service life: and, theenvironmeatalimperaiive to
reduce use of lubricants and additives.

mn gearing. the trend is characterized by a rise ill
power den i.ty. In other words, high torques are being

transmitted Lh_fOughsmall systems. In addition. gears
often have to run with poor lubrication. Gear wheels
may therefore . uffer various kind of damage.

depending on load and peripheral peed (see Fig. I,).
As peripheral speed increases, the viscosity and

thickness of the lubricant film decrease as a result

of the higher temperature. If 'the lubricant film rup-
tures, eizure occurs on the tooth flanks. At low

peripheral peed, no continuous lubricant film
forms between the 'tooth flanks. The iurfaces come

,Fig. 2: - PiIClng on the flanks, or gear teeth.

into direct contact (mixed friction) and abraioll
occurs. In the pitting region (where tiny pus are
formed on the tooth Ilank), a load-bearing lubricant

film is present; the load capacity is governed by tile
compressive strength of the gear urface, Pro-
longed rolling contact produces fine cracks, which

. tar! at roughness valleys 0]" inclu .iOIlS and lead to
the detachment of particles from the urface. Small

pits ( ig. 2) are created on 'the 100lh flanks.
To cope wah these varying sires es and meet

the need for economical mechanical parts. gears
have been made of plastic, medium. low-carbon
steels ( uch a [020' and 1030'). heat-treated steel,

induction-hardened steel, nitrided steel and case-
hardened steel. The load-carrying cnpacity

increase ill rhi order. bUI so does the cost of the
gear. In particular. the regrinding of hardened
gears is expensi e.

Factors governing gear life and reliability
include not only the material and the stress level,

but also the design and the lubrication. There axe
limits on these factors because of typical service
conditions (e.g., slow funning) and design con-
straint uch as small volume and target weight

Protective coating thatl.:an be precisely
deposited would be desirable as a way of meeting
the more and more stringent requirements 011

heavily loaded gears. Even for high stresses and
poor lubrication environments, such coating can
provide long-term surface protection in service.

Conventional coatings. ~uch as electrolytic hard
chrome and dry Iubricnnt films based on MoS2•

often are not adequate to satisfy these require-
ments. A new coaling made of amorphous carbon

with tungsten carbide inclusions (referred 10 as a
WClC coating) has proved its worth in situations
where all other surface COaling systems. fail.

WC1C Coaling

This WCI coating (BALINIT ) is applied by
a PVD (Physical Vapor Depositioru process-
more precisely, by reactive sputtering, In this
process, the coating material isexpelled from tar-
gets (WC plates) in a high vacuum by ion bom-
bardment and depo ited on the parts being coaled.

This high-vacuum technology make. it possi-
ble ~o obtain coating properties that cannot be

Frederick
J, Teeter
i~ tire marketing direc 10/'

jar Ba/:ers -trJOI
Cou/illg. 1111: .• North
TU/Ul wanda, NY.

Manfred Berger
is the produc! manager
for Balzers-Ilechtenstein:
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imparted under an atmosphere (thermal spraying)
or with gases or baths (nitriding, galvanizing).
These properties include:

• Controlled materia] composition, Amorphous
carbon films have the lowest friction of all hard
surfaces.

• Extreme precision.IlYD coatings are only a
few um thick. They replicate workpiece surfaces
exactly, thereby eliminating the need for subse-
quent machining.

•. Maximal load-carrying. High-vacuum depo-
sition avoid contamination of an kinds. As a con-
sequence, there is a metallurgical bond to the sub-
strate, leading to high coating adhesion and
load-carrying capability (PYD coatings such as
TiN are traditionally employed on severely
stressed tools),

Technical data of the WC/C (BALIN[T C)
coatingare as follows:

• Hardness 1000 Hv 0.05
• Coefficient of friction 0.1-0,2 (vs. 0.6-0.7

for steel)

Fig. 4 - Wear of motorcycle gear after oil leakage dur-
ing a race. Right: uncoated. Left: WCle-coated.
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Oxynhrocarburized
Sliding Brass

IWlt'-._"r-:::;ii:::-o... Ni-PTFE COOling

DIN 1.3505 (100 Or 6). uncoated
DIN 1.7225 (42 CrM(4) Nirrided
Elecl!'opli'lCd Chromium CO;lIing

"""":::;'--"'7 Ni-P Coaling
A7F}:.;::oooo=",,"::-DIN 1.2.101 (X 30CrMoV 9)

______ wac PVD
(BAUN1TC) MinimnlWeill'

10 20
Tesling Time (min)

Testing Icthod
3 fixed Balls I) 3 min.
DIN 1.3505 (IOOCr 6)·60 !HRD

Test Ring Sandblasted or Ground.
N4 (Friction Material)

Basic Material Ior Coated Ring:
DIN 1.3505 (100 Cr 6),60 HRC

Test; Condttlons
F=45 N
v = 0.3 m/s
Dry Running

F

Fig. 3 - Dry running properties of frIction materials.
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• Coating thicknesses
• Coating temperature
• Oxidation resistance

1-4 ~m
Max. 2:50°C (480°F)
300°C (572°F)

• Color Black/gray
As far as optimal wear protection is concerned.

the key combination of properties offesedby the
wae coating is low fricuon with high hardnes ..

The sliding properties of the wac coating are
not attained by conventional urface treatments,
such as nitriding, nitrocarburizing or chernical nick-
el-plating, or by bronzes. Thi point is een particu-
larly in the dry friction behavior of the e urfaces.
Fig. 3 shows the results from a model dry friction
test. In this test, hardened steel pins slide on disks
of various materials or on various surfaces, While
the bronze disk does exhibit low friction. it experi-
ences severe wear in tile form of scoring; the hard
materials or surfaces, on the other hand, develop
high coefficients of friction or display seizure (cold
welding) after a short time in the test.

None of these surfaces yield both low friction
and wear resistance. Only the WClC coaling
exhibitslow friction with virtually no wear. This
good frictional behavior in the model test also leads
to outstanding results in practical gear applications.

Gear Coating in Practice
Motorcycle Gears. Gears for motorcycle trans-

missions experience high stresses due to high
speeds and limited volumes; they are fabricated
from case-hardened steels. Application of the

WCfe coating to these gears results in enhaaced
reliability and emergency running reserves. Fig. 4
compares uncoated and coated gears from a
motorcycle after a race in which an oil leak devel-
oped. Normally. seizure occurs very quickly in
such cases. Because the most severely stressed
gears had the WC/C coati mg. the machine was able
to finish the race, The coated gear. shown on the
left in Fig. 4. has almost no wear in contrast to the
uncoated. ones,

Concrete Mixer Geers. The case-hardened sun
wheel of a concrete mixer gear, which runs slowly
under load, was in danger of seizure, since no ade-
quate lubricant film was formed, The WC/C coat-
ing prevented premature seizure and enabled the
transmission to perform in thisspecial mode. A
slow-running model test provided clear confirma-

II Ition of this capability. The wear rate on the coated!
I

gear pair stabilizes at a very low value (Fig. 5).
MoOtor COIztrol .Actuator. Actuating mecha-

nisms for throttle valve controls in car and truck
engines cannot be lubricated because electronic
components are located nearby. A dry lubricant
film of MoS2 does not provide sufficient wear pro-
tection. Hard. low-friction WCIC coating gives
long-term protection for this unlubricated actuator.



Bevel Gear Actuator. A bevel gear actuator :for
aircrnft landing flaps is subject to severe tribolog-
ical stre s beeau e of the high force and low slid-
ing speeds. Even with nitriding,inspeclion and

maintenance intervals were too short. The wac
coaling, which has a much lower coefficient of
friction than nitnded surfaces, made it possible to
institute acceptable inspection interval .

Hig.hly S.tressed, F,ast~Ru"ning Gears. If a
continuous lubricant mmis formed, the service

life is limited by the pitting load capacity. Wilh the
wa, coating. load capacity gain of 10-15% for
ease-hardened gears (Fig. 6) and as much .~

30-40% for heat treated gears are een. As a result,
gear loads can be increased or smaller gears call be
used for given loads. Coating makes it possible to
u e a Iess costly class of materials ill a given appli-

cation where ground and case-hardened gear oth-
erwise would have to be employed. The eau e of
the increased load capacity in coatedgears is that
the coating becomes smoother when the gears. run
together and thus reduce local suriace pres ure.

Wonn Gear Drives. Wear problems are espe-

cially severe in worm gear drives because of the
kinematic situation (high proportion of sliding

contact. I'ow speed). In most cases, bronze worm
wheels have to be used 10 prevent eizing. But

these gears are soft, so thai abrasion in ervice
makes it necessary to replace them relatively
often. Worms made of medium, low-carbon steel
a1 0 wear easily, The use of case-hardened and
ground warms is a costly alternative. The wac
coating lead to solutions. in two direction :

• Precision Drives. Precise po itioning ,(for
example, fixture positioning in machine tool)
cannot be attained on a long-term ba i with
rapidl.y wearing bronzes. Case-hardened worm
and worm gears do nOI have low enough friction,

sa 'hey seize prematurely. Application of the
wac coating to worms and worm wheels made
of steel protect against 'both eizure and abrasion,

• .Substitution of Case-Hardened Wonns. If a
conventional pair of a low-carbon steel worm and

bronze wheel does not offer adequate wear resis-
ranee (Fig. 7), a worm of case-hardened steel is
'11 ed. Thi .makes the drive appreciably more cost-
ly, In manycases (such as a vertical-lift table. for

example), a low-cost worm of heat-treated or low-
carbon steel can be coated with WCI . In this
way, the friction behavior is improved and gearing

costs arc drastically cut.
TI'I.e wac coating :is an ideal treatment for

gear materials. Not only doe it o:ffer a. elution for
extreme load situation , but it also. calli be u ed [0

boost performance or reduce weight, or it can pro-
vide an altemative to expensive material. 0

600

Oi. 500§
"0 Slow Running".c~ 400 W"ar'l"eSl
.":;
" 300.9
"~
'0 2.00iii
~
"3 100~

0
0 40

Pinion and Whcc:J
WC/C-COlltoo

80 120 160 200 Hours

Fig. 5 - Wear test rora slo Irunning gear fora. concrete
Sliding elocity: 0.04 mls.

ixer. Stress: .2.1801 MFII.

20c0r---~--------------------'1
Case Hardening Steel/Case
Hardened und BALIN IT C-Coalcd -{J

CaM: Hardening
Sf~IICa.'iC-HW"ooncd

! ~ 150011---......;;.= ..................=~+--+-----I
, M~

~
-5i lOCO
".,

.~
~

Nitriding
Steel!
Nitrided

Alloyed
5001------ Hear-Treatnble

Steelllieal1'realed

O~~O---------~500~------------'I~~O--~
Surface Hardness Sle"'" HV I

1JA,I.[Nrr C COllllng HV 0.025

Fig. 6 - Surface fatigue slnngtb of mllter,ials Iror gears.

Fig. '1 - Wear ,o'r conventional worm gears and cost ·of
a1temative materials.

Tell Us Whet You Think ...
If you found this article of interest and/or useful,
please circle 206.

For more information about the product described in
this article, please circle 207.
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SETTING STANDARD
OF VALUE

WITH :CUlST:OM'E!RS,·' FOR CU5,TOIMERSi

"ECHNOl,OGY

Surface has excel,led for more than
80 years inapp:lying its broad
thermal processing: technical abiliiHes
to new and unusual customer process-
inglapplications. These applications
reach the fulll spectrum of vacuum,
atmosphere, and non-atmosphere
processdemands. Surface technology
is developed with customers for use
in every day processing requirements.

IRElATI!ONSHIPS

The strength of Surface comes from
the customer relorionships built and
mointoined throughout our long
history. Customer sotlsfoction and
growthoontinues to be the key to our
success.Surlcce combines tradition,
integrity, and t,echno1Iog:yto help
our customers achieve long-term
success. SurFace is truly in business
with customers, for customers..

See us althe ASMllHeaHreat Ex:po,
March 19-21. 1996, Cincinnati, Ohio, Booth #305

Surfoce dedicates a wide range of
resources in support of our custcrn-
ers. When you commit to Surface
products, you gain the support ·of
a !Iarge field service force, an
equipment retrofit & up-grade
department, a strong technicall
services group, o full R&D depart-
ment" and one of the 10rBest parts
inventories in the industry.

CIRCLE 115 on READER SERVICE CARD'

SURFACECOMBUSTION, INC.. 1700 INOIAN WOOD CIRCLE• ~MUMEEr OH 43537 ... PH. (800) 537·8980 r (419) 891-7150 ... FAX (41:9) 891·7151



HEAT TREAT SiERVICE DI!RE,CTORY
Welcome tollle 1996 Gell' Tecbnology Heat Trealing Services DirlectlllY.

Aliliof m."companies 'Iifled below are 'eJC;pelienced inllut treating gell'~ IUse
mis, listing to IlocaLe a nearby pmvid'er withll1e specia'ltyyou requi reo

The, ,com,paoies, ar,e I[istedlalp'habeticaUy Iby region. The chart below
shows, Icodes representing various beat !feating seIVices and processus. lD
find IIlcompany tha1lpeJrfonns IIIcertain procass a,. Ilses ,iI certilin type of equip,·

INEW ENGlAND

Allread Products
22 . Maio t.
Terryville cr 06786
Ph: 860-589-3566
Fax: I160-S89"3S66
A.N. SI

Applied Cryogenics, Inc.
1191 Che'!fiu! 51.

eW!QIIMA 02164
,Ph: 617-969-6490
Fax: 617-!I6U266
CY

Beehive Hea! 'lm!!.in- lJJ:_
132 Waler SI.
S_ N"rwalk, CT 06854
Ph: 203-866-1635
fll~:203-M55·9J27
AN. BF. em. CR, CY,
FH. HOQ. rH. NO. PF.
SBN, SR. TE:, 'VF

BOmllk Corp.
6 Jefferson Ave.
Wob= MA 01801
Ph: 611-935-4100
fax: 61'1-932.0542
AN. BF, CR. FQ. HOC!:
NO. PF. SBN. SR. TE

Lindberg Heal Treating
675 Christian Lllne
Berlin cr 06037
Ph: 860-225-7691
1'([1(: 860-229·3891
AN. BF. CNI. '"Q. NO.
PF, SR. TE. VF

Nitron Inc.
26 Wellman SI.
Lowell MA 01851·51 10
Ph: 508458.3030
Fax: 508-458·3131

nitron@WQr/d_,.ld.com
IN. 'VF

o &: WHeal. Trear Jnc,
1 Bidwell Rd.
SOOID Windsor cr 116074
Ph: 8M-52iM239
Fax: 860-291-9939'
AN. BF. FQ. IH. NO. PF,
SR. TE. VF

MlD·ATlANTIC

Adv,!!!lced He<l1 Treating
Trout RUlli Rd.
SI. Mwys PA 15857
Ph: 814-781-3744
fa;<: 814·781·3230
AN, BF, CNI_ CR. 1"0.
IH. ,PF, SR. 7:E:

Alco Hear Trealing Corp.
130 Verdi SI.
Farmingdale '¥ 11735

PII: 516-249-[660
Fal!.: 516-249-7889
AN. BF. CNI. CR. CY,
DQ. FBF, FH, FQ.
/iOQ. IH. NCR. NO.
PF, .PQ. SR,. TE

Alpha Hear Treaters
EmigRood
p.O. Box 23
Emigs~ilIe PA 17318
Ph: 717.76Ui7S7
Fax: 717-164-0129
AN. SF, CNI. CR,. Cy'
IH_ NO. PF. SR. TE:

'Benedict- Miller IDc.
Marin Avc. &
Orient Way
Lyndhurst NJ 07071
Pb: 201-438-3000
Fax: 201438-3137
AN. BF. CNI. CR. CY.
DQ. FOF, FQ. HO(}.
IH. NCR. Nt. NO. PF.
PQ. SR. T£. VF

BeILneUfleal T~til!g &:
Brazing Co,
690 Ferry SI.
Newan: NJ 07105
Ph: 20 1-589-0590
Fax: 201-589-6518
AN, SF, CNI. CR. CY.
DQ. FH. FQ'. HOQ. IH,
NCR. NI. O. PF, Po.
SI. SR. TE. VI"

Delph i Engineering &:
I Contracting

131 BI.cI<wO<Xl
Barnsboro Rd.
Sewell NJ 08080-420 I
Ph: 609'-468-4839
faJI: 6Q9..228-9354
AN. BF. FQ, NO. SR. TE

Disston Precision Inc.
(,795 SlaI.e Rd_
Philadelphia PA 19135
Ph: 215-338,.1200
FIlA: 215-338,.7060
SF. HOQ. NO. SR. TE

Fenton Hear Treating
3605 HOIm'lead
Duquesne
Wesl M;min PA 15122
.Ph: 412-466-3960
F'aJl: 412-466-7931
AN. CR, CY. FQ. HOo.
NO. PF. SBN. SR. TE.
'ofF'

General Heal Treating
6770 B.e:nedi.cl Rd.
E. Syracuse NY 13057
l'h: 31.54·:17.1117
Fax: 315-433--1194
..I' .8F. CNI. CR. CI;
FQ. HOQ. IR. SR. TE.
VF

The GICIIS90 Work!;
WOOO !!Iverslly A.ve.
Rochester NY 14692
Ph: 71646W-80SI
F~: 716461.1492
CR, DQ. .~F, PQ
Seed OD bDCk cover.

Global Heal Inc.
, 54 Roo!e 130

Yardville J 08620
Ph: 609-298-1200
fax: 609-2911-7958
BF, SR

Irwin Automation Inc.
715 Cleveland 51.
Greensburg PA 15601
Ph: 412·834.7,160
fax.: 412-834-4670
A1I. CR. CY. FQ. HOQ,
NO. PF. SR. TE:, VF

Jesco Heat Treating Inc. I
P.O. Bolt 236,
Fairport NY 14450
Ph: 716-388·1040
Fax: 716-377.7226
AN, AU. BF. cs: CN.
n FH. FQ. HOO. m.
NCR_ NI. NO. PQ, SR.
TE. VF

John V. Potere Co. Inc.
4225-35 Adams Ave.
Philadelphia PA 19124
Ph: 215-533·8988
Fax: 215-533·9210
AN. BF. DQ. PH. ROQ.
m. NO. PF. SR. TE

Lindberg Hea! Treating
62~ Buffalo Rd.
Rochester NY 14611
Ph: 716-436-7876
fu: 716-436-5276
CNI, CR. .fR. NCR. SR. TE

Mannings U.S.A.
53 Abbe!! Aye_
Morrislown NJ 07960
Ph: 800-447-44,73
Fat' 201-984-5833
e-mail:
ManningsUS@aoLcom
BF. rH. PF. SBN. SR. TE

M,~'ter Hea! Treari nil
51 Brown Ave.
Springfield NJ 07081
Ph: 201-379-7320
Fax: 201-319-3214
AN. SF. CR. CY. DQ, FH.
HQQ. IH. NO. PF, SR. TE

Me!labCo.
1000 Mermaid Ltme·
Wyndmoor PA IOC138
Ph: 215·233·2600
Fax: 215-23:>-5653
AN. Hi': oe: CR. NCR.
HI. NO. PF, QU. SR. TE

men!, look for tbe l,pp:roplia1l' codet in ita'i le type ,at the endlo.the llisting,
Wh'iJ'e ,Gear Technology bas made trv-elYetlart to len5llJil! tbat comllany

Inames and addresses ,IIJe,correct. we cannot b held resjlonsibl'e for eITors
01fact ur omission. If your ,company was nOII,isted in (/lis di'rectory andlwouldl

like to be lincluded in 19!1'7call :847-437-6604 or #11847--437-6618, ,and we' will
add you to 'OUf mailing list
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Penna Flame Industries
RRII3 Box 14B
Rle, 58g West
Zelienople PA 16063
Pb: 412-452·8750
Fax: 4.12-452-0484
CY,FH

Soh!! Atmospheres Inc.
1969 Clearview Rd_
Souderton PA 111964
Ph: 800-347.)236
Fax: 215-123-6460
AN, CY. 11.IN. SI. SR.
T£. 'VF

Steel Treaters, Inc.
iOO fumace SI.
Oriskany NY 13424
Ph: 315-736-30111
fax: 315-1J6-8849
AN. CNI. CR. CY. FBF.
PH. m. NI. NO. QU.
SHN. SR. tz. VF

Syracuse Hom Treating
7055 Interstate Island Rd.
Syracuse NY 13209
Ph: 315-451-0000
Fa.; 315-451-3895
AN. BF, BTF. HZ. CF.
CNI. CR. CY, FB1-: FH.

I FQ. IH, NCR. NI. NO.
PF. SI; SR, 'VF

V![cu.Bra7~
115 Lower Momsvilic:'
Fallsington PA 19054
Ph: 215-736-9262
Fax: 2.15-736-9343
AN. NO, SR, TE. 'IF

EA.ST NORTH CENTRAL

Advanced Heal, '(real
1625 Rose SI.
MorLme MI48162
Ph: 313-243-0063
Fax: 313-243-4066
OF. IN. NCEI..NJ, SR.
TE:. VF

Advanced Thermal
Technologies

Kendallville IN 46755
Ph: 21'9-347-1203
Fax: 219-.341-3568
AN. BF. CNI. CR,. Cy'
11OQ. NO. PF. SR. T£

Pennsylv.1I11i1l
Mel:;jUurgical Inc,
3~5 Golumbia St.
RelhlehemPA 1.80:17
Ph: 8110-332·9880
Fax:: 610.69'1.2662
AN •.SF, CNI, CR, CY,
1.1(},FH, FQ, IN, NO,
PF, SI, SR, TE
See lid pa,ge 33.

Peters' Heat Treating Inc.
215 Race St.
P.O. Box 624
Meadville PA 16335
Ph: 814-333-1182
Fax: 814-333-2533
AN. OF. CNI, CR. n:
FDF, NCR. NI. NO. PF.
SR. TE. VF

Ajax lIofagnelhemllc:
1745: Ovullrnd Ave_
Warrell on 444lI3
Pit: 2l6-37;a:.ssU
Fall: 21,6-372-lI60II
AN.IH, QU, SR. 1B
See lid Ipag<!' JS.

Pitt-Ti:x Inc.
P.O. 80)1; 1'09
RI" 981 & Container Way
Latrobe PA 1565'0
Ph: 412-531-2009
F~: 412·537·2140
AN. BF. CR, CY, tH.
NO, PF, QU. SR. tt:

Albany Mel"l 'Treating
400 S. Dowden Ave.
Albany IN 47320
Ph: 31,7.789·6470
Fax: 311-789-6839
A_N. CNI. CR. NI. NO.
QU. SR. TE

Alfc Heat Treating Inc.
]0<!3'll W. Perimeter
Rood Suite 100
fO!'I Wayne. IN 46809
Ph: 219-747-942:2
Fax: 2.19-/47-9618
AN, OF, CN}. CR.
HOQ. NO, SBN. SR. TE

Ricluer Precision Inc,
1021 Commercial Ave.
E. Petersburg PA 17520
Ph: 717-560-9990
F~: 717·560-8741
AN. TE, VF

Rochester Steel
"-"'3Iing Works
962 Easl Main 51..
Rochester NY 14!i05
Ph: 716-546-3348
Fax: 7(,6-546-1684

AlliWl.ce M.etal1'realing
I'JOO Plain ve,
Aurora :IL60505
Ph: 708--351-5880
Fax: 708-851-0733
AN. Df'. Cr. NO. QU.
SR'. TE. 'VF

American Brazing
Division of Paulo
Products Co.
4428 Hamann Pkwy.
Willoughby OH 44094
Ph: 216-946-5900
Fax: 216-946-3091
AN. CY. NO. SR. TE, VF

-------~~~~~~~~~---------------------------------------------MA,HCHIAPRll 19118 311
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EAST NORTH CENTRAL
(com'dl

American Heal, Treating
1346 Morris Ave.
Dayton OH 45408
Ph: 513-461-1.121
Fax: 513-46il-ll66-
AN. BF. CHI. CR. CY.
FH. FQ. HOQ. IH, NI,
NO. PF. QU, SR. TE,
VF

American Metal
Processing 00.
22720 Nagel
Warren MI 48089'
Ph: IIIQ..757-7331
Fax: 810-757-8232
e-mail:
AMJ>rocess@aol.com
BF. CHI. CR. TE

American, Metal
1'rI'aUog
1043 iE,,6,2nd, St.,
Cleveland OD 44103
Ph: 216-4314492
Fax: ,216-431·1508
IH
See' ad page, 46.

AMT Monroe Inc.
61.5 Harbor Ave.
Monroe Ml 48162
Ph: II3-242-1733
Fax: 313-242-0993
BF; CNI. HOQ. HI. SR.
TE

AP Wcsishore
4000 County Road X
Oshkosh WI 54904
Ph: 414-235-200 I
Fax: 414-235-2701
AT, BTF. QU. SR. T£

, Applied Process Inc.
, ,12238Newburgh Rd.

Livonia M148150-1046
Ph: 313-464-2030
Fax: 313-464-6314
email:
ADIRON@ool.com
BTF, CF, CNI. CR. F:Q.
SR. T£

Atmosphere Annealing
1300 Industrial Dr.
P.O. Box 220
North Veman IN 47265
Ph: 812-346-1275
Fax: 812-346-4534
AN. CF. HOQ, NO. Sit TE

Bonal Technologies Inc.
21178 Bridge St.
Southfield MI 48034
Ph: 1110-353-2041
Pax: 810-353-2028
e-mail: Jilonal!h@;)o1.com
SR

The Bowdil Co.
2030 Industrial Place S.E.
Canton OH 44707
Ph: 216-456-7176
Fax: 2 I6-456-4625
AN, BF; CR, PH, NO.
PF. QU. SR. TE, VF

HEAT TR,EAT SERVICE IINDEX
Bruzing & Metal
Treating
I 101 E. 55th St.
Cleveland OH 44103
Ph: 216-881-8100
Fax: 216·881-68!11
AN. NO. SR. TE

Brite Brazing
5476 Lake 0_
Cleveland OH 44,114
Ph: 216-881·8100
Fax: 216-881-6811
AN. NO. SR. TE

Brite Metal Treating
8640 Bessemer Ave.
Cleveland OH 44127
Ph: 216-341-2266-
Pax: 216-341-4273
AN. BF. CNI. CR. NO.
QU, SR, TE

Bucyrus-Erie Co.
1100 Mil .....aukee Ave.
S. Milwaukee WI 53172
Ph: 414-768-4092
Fax: 414-768-5221
FH.tH. SR

Calumet Surface
Hardening
6805 MeCook Ave.
Hammond IN 46323
Ph: 219-844-5600
Fax, 219.845- H146
CY.FH

Caterpillar Industrial
[>j'(>d:ucls,

AS,'TON
IME,TALLURGICAL

Has the! gear lindustry expe.rience
'can depend u,pan for expert

pr,obl'em solving ,and failure ,analysis.
OUf engineers have the thorough ,experience

inan phases of metaltabricaUonand processing
needed to, solve' your taugh challenges.

Fast & Frie.ndly National Service
-:. Metallurgical Testing
.) Failure AnaJysis

1) !Research
~t·Consulting

For a free brochure or quotation

CaU (312) 528-983'0
4201 N. Ravenswood. Chicago. IL 60613

FAX (312) 929-0773

32 GEAR TECHNO~O(lY
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HHIN.E. Adams St.
Peoria LL 61 ,6.29-4400
PI!: J09-675-545~
Fax: 309-675-6457
AN, BP, CNl, CR, DQ.
FQ,.lB, Nt, NO, PQ;
TE
See lid page 26.

Century Sun Metal
treating
24 I I W. Aero Park O.
Traverse City Ml 49686
Ph: 616-941-7800
f!l)O;: 616.941-2346
AN. CNI. CR, CJ: DQ,
FBF. FQ. HOQ. lH. IN.
NCR. NI. NO. SBN. SR.
TE. VF

Certified Heat Treating
1200 E. First 51.
Dayton OH 45403
~h: 513-461-2844
Pall: 513-461-4519
AN. BF; CNI. CR, 0;
FBF. FH. FQ. Iff. m.
NO. PF, SR, TE. VF

Chicago Flame
Hardening Co.
5200 Railroad Ave.
East Chicago IN 46312
Ph: 219-397-6475
Fax: 219-397-4029
AN. PH. SR. TE

Ch ieago Induction
3305 W. Harrison
Chicago lL 60624
Ph: 312-826-1213
Fax: 312-826-1178

, AN, FH, lH. T.e

Cincinnati Hame
Hardening Co.
375 Security Dr.
Pairfield OH 45014
Ph: 513-942-1400
Fax: 513-942·1414
AN. BF, FH. PF. SR. TE

Cincinnati Gear Co.
.5657 Wooster Pike
Cincinnati OH 45227
Ph: 513-271-7700
Pax: 513-271-0049
AN. AU. BF, CNI, CR.
CY, DQ, EBH, FBF.
FH. FQ, HOQ. tn, fl.
LH. NCR, NI. NO .. PC.
PF. PQ. SBN. SI. SR.
TE. VF

, Cincinnati Steel Treating
570 I Mariemont Ave.
Cincinnati OH 45227
Ph: 513-271-3173
Fax: 513-271-3510
A_N, BF. CNI. CR. FH'
Fo.. HOo.. tn, NCR, NI.
NO. PF. PQ. QU. SBN.
SR. TE

Cleveland Flame
Hardening Co .
935 West St.
Cleveland OH 44113
Ph: 216-241-1333
Fax: 216-241-3946
PH. HOo.. SR, TE

Commercial Induction
11116 Avon Ave.
Cleveland OH 44 I05
Ph: 216-881-8100

Fax: 216-881-6111 I
AN. FQ. lH. NO. SR. TE

Commercial Steel
1'Irealing Corp.
3~440Stephenson Hwy.
MadiSon His •.MI4807.1
~b: 810-5118-3300
Fru:: 810.588·3300
AN, BF, oo, CR, .FQ,
BOa, NCR, Nl, NO,
PI; SBN, SR, TE
Se-e ad page 43.

Contour Hardening Inc.
71198Zionsville Rei.
Indianapchs rN46268
Ph: 3l7-876-1530
Fax: 317-879c2484
IH. SR. TE

De!roit Steel Treating Co.
1631 Highwood East
Pontiac MI 411340
Ph: 810-334-7436,
Fax: 810-334-7891
AN. SF. CN!. CR. Cy.
FIt. FQ. HOQ. NO. PF.
SBN. SR. TE

Diamond Heat Trearing
5660 W. Jefferson
Detrou MI 48209
Ph: .3 13-843-6570
Fax: 313-842-0280
AN. BTF, CNI, CR. FQ.
NO. SR. TE

Dynamic Metal
Treating
7784 Ronda Dt.
Canton Twp. MI 48187
Ph: 313-459-80122
Fax: 313-459-7863
Do.. FBF; NCR, Nt. SR.
TE

East-Lmd Hear Treat
32045 Dequindre
Madison Hts Ml 48071
Ph: 8100-585- 1415
Fax: 1110-585-3045
AN, BF, CNI. CR. CY,
FBF, FH. NO. PF, QU .
SBN. SR. TE. VF

Engineered Heal Trear
31271 Stephenson. Hwy.
Madison His. Ml48071
Ph: 810-588-5141
Fax: 810-.588-6533
AN, BF. CNI. CR. Cl:
.00..FQ. HOQ. Nl. NO.
PF, ~Q; QU, SBN, SR.
TE. VF

Erie Steel Treating Inc.
5540 Jackman Rd.
Toledo OE 43613
Ph: 4]9-478-3743
Fax: 419-478-0109
e-mail;
etiesleel@toledolink.com
AN. 8F, CNI. CR. FN.
FQ. HOQ. NCR. NI.
NO, PF. SR. TE, VF

Euclid Heat Treating
1408 E. 222nd St.
Cleveland OH 44] 17
Ph: 800-962-2909
Fax: 216-481-3473
AN. BF, CNI. CR. DQ.
FQ. HOQ. IH. NCR. NI.
NO. PF. PQ, SBN. SR.
TE. VF

Fairfield Manufacturing
U.S. 52 Bypass Smnh
Lafayene IN 47903
Ph: 317-474-3128
Fax: 317-477-7342-
AN, 8F. oa. CR. DQ.
FQ. /fOQ. IH. NI. NO.
PE, PQ. SR

Feinblanking LId.
9461 LeSainl. Dr.
Pairfield OM 45014
Ph: 51l-860-2loOQ
f!l.~:513--870-5146
AN. BF. CNI. CR. HOQ.
NO. SR, TE

Po~ Steel Treating Co.
2220 Gr.!.!iOl Ave.-ZOO
Walk:i!rSl.
Detroit MJ 48207
Ph: J 13-568·-1640
Pall: 313-568-QI48
AN. BF. CNI. CR. FSF.
FH, HOQ. NCR. NI.
NO. pt.; SBN. SR, T1:

FPM' Heat Treating
1501. S. lively Blvd.
Elk Grove [I... 60007
Ph: 847-228-2525
Fax: 847-228-5912
AN, BF. CNl. CR, oCr.
FQ, HOQ. II. NCR, NI,
NO. PF, SR. TE. VF

FPM Ipsen HI!<II Treating
66{j Roule 20 -
Cherry Valley lL 610016
Ph: 815-332-4961
Pax: 815-332-3022-
AN. BF, CHI, CR, CY,
FQ, HOQ. lH. NCR. NI.
NO, PF. SR. TE. VP

FPM Mil"'3ux.et:
8201 W. Calumet Rd.
Milwaukee WI 53223
Ph: 414-355-7900
fax 414-355-471,9
AN. BF, CNI. CR. oCr.
FQ. HOQ, NCR. NI.
NO. PF, SR. TE.. VF

Franklin Steel Th:ati ng
1070 Ridge SI.
Columbus 01'143215
!Ph: 6,14-488-2556
Fax: 614-486-9489
AN. BF. em. CR. DQ.
FH. FQ. /fOQ. IH, NO.
PF. PQ. SBN. SR. TE

Gear Company of
America
14300 Lomin Ave.
Cleveland OH 44111
Ph: 216-671-·.5400
Fax: 216-671-51125
AN. BF. CNI. CR. HOQ.
te. NO. PQ. SR; TE

General Malal Heat
Treating Inc.
94 I Addison Rd.
Cleveland OM 44103
Ph: 216-391-0886
Fax: 216-391-0890
AN. BF, CN!; CR. CY.
DQ, FQ, HOQ. NL NO.
PF, Po.. SBN. SR. 1'E, VP

mailto:ADIRON@ool.com
mailto:etiesleel@toledolink.com


Gee, H. Parler _ teel
Treanng Co.
1273 E. SSIh Sl.
Cleveland OH 44103
PI1: 216-131·1i601
FIIJ<:216431-0009
e-rnail:
1Jcaling@aol.l"om
lIN. BF. CR. CY. NO.
PF. QU, SR, TE

Grand R.pids
Commercial Heal
Treating e.
31132Buchanan S.W.
Wyoming 1\1.149548
Ph: 616.24).0111
Fax: 616-243-4080
Aft. BE. CN!. CR. DQ.
WI. NO, PF. SR. TE

H &: M Melru
Processing
1850 Front SI.
Cuyahoga Falls OH
44221
Ph: 800-304·2636
Fax: 21(!..928·5472
lIN, NI. PF. S8N, SR. TE

Hansen- Balk Steel
Treating Co.
1230 Monroe N.W.
Grand Raplds MI 49505
Ph: 6[64,58.1414
FILl: 616-458-68611
AN. SF. CNI. FH. HOQ.
II. NI. NCR. NO. SR.
TE. VF

Heat Treat Corp. or

1I.20WI19thSI.
Ch icago ILbI"l643
Ph: 312-264-1234
Fall: 312·264-4321
lIN. BF. CNI. CR. CY,
DQ. FQ. HOQ.IH. NO.
PQ. SR. T£

Heat Tn:auo,g Services
Corporation of Amefiica
P.O. Box 430269'
Pontiac MI 48343-0269
Ph: 810-858-2230
Fox: 810-858-224,2
AN. CNI. CR. HOQ.
NO. SR. TE

Heat-Treaung lnc.
1807 W. Pleasam SL
Springfield OH 45506
Ph: 513·325·3121
Fax: 513-325-3117
AN. BF, CNI. CR. ey.
FH, FQ, HO(l. IH. NO.
PF. SR. TE. VF

HI TecMeml Group
,1101E. 55th SI.
Clevela.nd OH 44103
Ph: 216-881·8100
Fox: 2l6-881.6811
liN. 8F, CNI. CR. (Y.
FQ, ,flOQ, IH. NCR. NI.
NO. PF. SBN. SI, SR.
TE. VF

Hi-Tech Sleelll'",aung
2720 Robet1s SI.
Saginaw MI48601
Ph: 800-835·8294
FIIJ<:517·753·2368
AN. OF. NI. CR. DQ.
FH. FQ. HO(2. IH. NO.
PQ.SR. TE. lIF

Hi'Iech Aero
34800 Lakeland Bt-'d.
Eastlake OH 44005
Ph: 216-881-8100
F ax : 21(!"88 1-68 11
Aft. Cr. Sf, SR, TE.. V:f

Horizon Steel Treating
231, Jandu Rd.
Cary IL 600 13
Ph: 847-639-4030
F....: 841-639-19111
lIN. 1lF. CN!. CR. CY.
FR. FQ. HOQ. IH, NI.
NO. PF. SR. TE. VF

Horsburgh & Scott
5114 Hamilton A,c.
Cleveland OH -1-1114
Ph: 216-431-3900
Fax: 216432-5861
AN, BF. CR. CYOFH.
HOQ. I . NI. NO, PF.
SR. TE

HTG erobruze
940 Rednn Terrace
Woodl a\\111 OH 452 15
Ph: 513·772-1461
F....: 513-772-41149
AN. Sf, SR. TI!.. VF

Huron Metallurgical
12611 Haggerty RdL
Belleville M] 48111
Ph: 31).699.6361
Fax: 313-699-6971
AN. CNI. CR, HOQ,
NO, SR, Tl!.

Hy-Va( Tech_Rolngie.
1570 I Glendale Ave.
Detroit M1 48227
Ph: 313-838-2800
Fa .. : 313·838.2802
AN. BF. Cy' DQ. NO.
PF. SI. SR. TI!.. VF

Hydm-V.c
1177 Marquette SL
Cle"eland OH 4411.1
Ph: 216-881-8.100
Fax: 216-881-6811
AN. CY. NI: NO. SI: SR.
TE. V:F

Illiana Heal Treating Inc,
P.O. Box 1466
Danville fL61832
Ph: 2l7-443-5.\18
Fax.: 217-443··5419
liN, B'F, CNI. CR. CY.
FH. ROQ • .fH. NCR. NI.
NO, PF. SBN, SR, TEI

IndllCLion HCaI Treating
775 Tel:. Drive
Crystal Lake IL 600 14
,Ph: 815-477-7188
Fax: 815-477-7784
liN. IH. SR, TE

Induction Services l/Ie.
.24800 Mound Rd.
Wurren Ml 48091
Pb: 810-754-1640
Fax: 810-754-5402
AN.IH

;lnduclohelil.mc.
32251 • M1s Dr.
Madison Hts. .rt1l4lJ071
Ph: 810-585·9393
Fax: 810·S1l5-!1l4I29
,IN. 111, Q • 51" ' R. T'E
See ad page II.

IH,EAT TIRiEAT SERVICE INDEX
Indu;;trial Steel Treating
613 Carroll SL .
Jact.on MI 49202
Ph: 517-787-6312
Fax: 517-787·5441
liN. BF. (NI. CR. (Y.
HOQ. fH, NO. SR. tt:

International Induction
1504 100hAve.
'Part Huron M1 48060
Ph: 810·984-3803
FiIJI: 810-984-380 I
IR, TE

Kowal ki Heat Treating
3tH I Detroit Ave.
, leveland OH 44113
Ph: 216-631-1411
Fax: 216-631-8921
e-mail;
KlffiIEAT@AOL.COM
liN. AU. BF, CY. DQ.
m. FQ. HOQ. NO. pt.;
£'Q. SSN. SR. TE. VF

IWLkl!' ownty Steel
Treating
%(lA'ni!"
Antioch IL 60002
Ph: 847-375-8174
fll~:847·395·7638
AN. CNI. CR. FQ. NI.
NO. SBN. SR. TE

Lindbug He!!1
reHling, H rrts Melals

Di.-lsion
4.210 Douglas Ave.
Racine WI: 534.02
PI'!: 414·681-4.2110
F,IIX:. 4U-·6J9·S71'9
AU, BF. BTF, CNI, CR.
DQ, .FQ. BOQ. m, N.I,
N B. NO, PQ, SR, 18
See ad Ipage 'this page,

Lindberg Heal Treating
16167 W. Ragen; Dr.

e'" Berlin WI 53151
Ph: 414· 782·5553
FILl: 414-782-5660
liN. BF, CN!. CR, cy.
NI. NCR. NO. PF. S8N,
SR. TE, VF

Lindberg Heat Treating
1975 N. Ruby SI.
Melrose Park IL 60 160
Ph: 108-344.4080
FIlA: 708-344-4010
AN. BF. CNI. CR, CY,
FQ. NCR, NI. NO. PF.
SR, TE, VF

M & M Heat 'l'reat
1309 Main St.
Essexvi lie MI 48732
Ph: 517-893-3677
Fax: S 17.893-1423
AN. Bf; FH. NO. QU,
SR, Tl!. -

Mel'll 'Gear Corp,
8.10 Hudson Sl
Antigo v I 54409
Ph: 800'·756·3748
Fax: 715-623-229(1,
A • 111', IlTF,. CNI, CR.
I'H, lWQ, III, Nt, NO.
PPo SR. TE.
See ,ad P"1l1'46.

Met-Tek Inc.
1800 Melvin, Ave.
Rlldne WI 53404

Pb: -l14-639·8357
Fax: 414-639.7152
AN. BF, CNI. CR. FH',
FQ. HOQ. m. NO. SR.
TE. VF

Me!ru Improvement Co.
I515 Universal Rd.
Columbus OH 43207
Ph: 614444--1'181
Fax: 614-444·0421
AN. CN!. CR. CY. HOQ.
lH. NO. SR. TE

Metal Processing Co.
3257 N. 32nd SI.
Milwaukee W,1532Jo1)
Ph: 414-87l-9010
Fax: 414-87'1·3910
lH

Metal Treating
1575 W. Pierce si,
Milwaukee WI 53204
Ph: 414-645-2226
Fax: 414-645-9118
AN, BF. CN1.CR. DQ. tn;
NO, SBN. SR. TEo VF

Metallurgical Processes
P.O. Bo", 10842
Fort Wayne IN 46854
Ph: 2/9-423·1691
Fax: 219422·26S6
AN, BF. CNI. CR, NO

Mel.1 Engineering In _.
I SOOSouth Broadway
Green Bay WI 54306
Ph: 414-4)1.7686
Fax: 414437-7687
liN. BF, en; ClI.. FQ.
HOQ. IH. NO, SBN. SR.
TE

Metals Technology
25 Laura Dr;
Addison 11..,60101
Ph: 708·543-9513
Fa.: 708·543·9523
AN. AT. BF. CNI. CR.
FQ. HOQ. HI. NCR. NO,
PF. SR. SBN. TE. VF

Metropolitan Steel
Treating
9792 Grinnell
Detroit Ml48213
Ph: 313-921-5522
l'n; 313·921·()%:l
AN. BF. CN}. CR. FBP.
FH. liDQ. NCR. NI.
NO, PF, SSN. SR.. TE

Michiga.n Flame
Hardening Co.
2241 Bellingham
Troy Ml 48083·2099
Ph: 810-6119·3737
Fax: 810-689-0860
8F. FH. SR. TE

Michigan lnductlon Inc.
8468 Rond~ Dr.
Canton Ml 48187
Ph: 313·459.8514
Fax: 313459·8795
lH

Mid-West Flame
Hardening lnc,
500 W. 1501hSl.
East Chicago IN 46312
Ph: 219-397·&423
F;L" 219·397-8480
FH. TE

(' \lWl IUZl~(;
I'\IH ('TI()~ II \I{I)F"~(;

I)IE ()l E,\{'III,\(; SI'ITI \UST
.\U \1I'\l \1 ru: \T 'mE \TI~(;

1"0 'H~I~ ( I H III II IJ

eeusat the ASM Heat lr-eal' Expo,.
Marcl, 19-21, Cincinnati, Bootl! #-219.

, LINDBERG HEAT T.REA1"ING O. .
Hllrris Metals DivIsion. (1)1
Rncinc, WI Phone (414) 681·4280 t .

Fa. (414) 639-:571'1

oCIRC'LE 132 Oil REAOER REPLY CARD

'C'IRCLE 133 on READER REPLY CAflD

~ULIL SE:RV1CE.HEATlREAlER
2 - 4 DAY TUIlN..A.RDUND TIME

TECHNICAL ASSISJANCE AVAILABIJ.IE
'COMPUTIE;RIZED IIN·PROCESS: ICONTROlS

'-,.
IP,ENNS·YIl'A_NLA M.flA.llURG ICA'..LINC.
315 COLUMBIA ST. BETHLEHEM. PA 18()IS

(6101691·1313' (8OO1332·S880 • (6101691-2562

TO BE IN THE 1997
HEAT TREAT SERVICES

DIRECTORY,
CALL 847-437-&604.

ASK FOR PAT FLAM.

Modem Steelfuaung
28910 La...kelDndBlvd.
Wickliffe OH 44092
I'll.: 216·8 1-8100
FM: 216-S81·6811
AN. BF, CNI. CR. CY.
.FQ. /iOQ. NO, SR, TE
Malon GeM & Shaft
335 E. Illinu;. St.
Palatine IL 60061
Ph: 8-17·259·3750
Fax: 847·705·8349
/H'. TE

Midland Metal Treating
5512 W. Airway. A.ve.
Franklin WI 53132
Ph: 414-421-5140
FIIX:414-421-2360
e-rnnil:
midlandmet@aol.com
AN. BF, CNI. CR, CY,
FQ. TH, NO, TE

Modern Mel,,1
Proces ing Inc.
3448 Corwin Rd.
Williamslon MI 48895
Ph: S 11-655-4402
Fax: 517-655·3795
AN. NO. £'F, Sf. SR, TE. !IF

MARCH/APRIL 11196 33

mailto:midlandmet@aol.com


EAST NORTH CENTR_AL
(coord)

DQ. FQ. HOQ. Nt. NO.
PF, PQ. SR. TE, VF

HEAT TREAT SERVICE INDEX

Progressive Steel
11realing
922 Lawn Drive
Loves Park IL 61 ill
Ph: 815-877-2571
Fax: 815-877-71122
AN, BF, CN!, CR, Cl;
FQ, HOQ, NO, PF, SR,
TE, VF
See ads I!Il pagI5 10& 33.

National Broach &
Machine
17500 23 Mile Rd,
Macomb M1 48044
Ph: 810-263-0LOO
Fax: 810-263-4571
AN. BF, CNI. CR. FQ.
NO. SBN, SR. TE

National Induction
Heating
630 E, Ten Mile Rd,
Hazel Park: MI 48030
Ph: 810-547-5700
Fax: 810-547-5702
AN. FH. !H. SR

Nettleton Steel Treating
137t E, 45th St.
Cleveland OH 44103
Ph: 216-881-8100
Fax: 216-88 L-6811
AN. BF. FQ. NO. PF,
SR. TE

Nitrotec Surface
Engineering
28910 Lakeland Blvd,
Wickliffe OH 44092
Ph: 216-88L-8Loo
Fax: 216-881·6811
AN. BF. CNI. CR. CY.
FQ. HOQ. NCR. NO.
SR. TE

Nirro- Vac Heat Treating
23080 Dequindre
Warren M148091
Ph: 810-754-4350
Fax: 810-754-5195
AN, BF, CY, Nt, PF,
SBN, SR. TE. VF

Ohio Metallurgical
Service
1033 Clark St_
Elyria OH 44036
Ph: 216.365-4105
Fax: 216-365-9527
AN. CNl. CR. CY, DQ.
FH. FQ. HOQ. m; NO.
PQ.SR. TE. VF

P & L Heat Treating &
Grinding -
313 E. Wood SI.
Youngstown OH 44503
Pb: 216-746-1339
Fax: 216-746-7029
AN. BF, CR. FBF. FQ.
NI. NO. PF. TE

Pfauter-Maag Cutting
Tools
1.351 Windsor Rd,
Lo es Park a, 611U
Ph: 815-877-8900
Fax; 815·282·0264
AN, F8F, FQ, SR", TE,
VI'
See ads on pages 1 & 46_

34 GEAR TECHNOLOGY

Racine Heat Treating Co,
1215 8th SI.
Racine WI 53403
Ph: 414-637-9893
Fax: 414-637-9854
AN. BF. CN/, CR. CY,
FQ. HOQ. IH, NO. PF,
SR.TE. VF

Revas Engineering Co,
555 W. 16th SI.
Indianapolis IN 46202
Ph: 317-635-6311
FH.IH

Roboduction Thermal
Processing Inc,
P_O,Box 5090
Southfield M1 48086
Ph: 810-356-2577
Pax: 810-356-3989
BF, DQ, IH. PQ. SR. TE

Rotation Products Corp,
2849 N_ Catherwood Ave,
Indianapolis IN 4621.9
Ph: 317-542-8563
Fax: 317-542-1171
AN, BF, CN!. CR. CY,
FQ. NI. NO. SR. TE

S.KS, Heat Treating Co,
3286 Industrial Dr,
Saginaw M148601
Ph: 517-777-0270
Fax: 517-777-0273
AN. BF, CNl. CY. FQ.
HOQ. IH. NO; SR. TE

Scot Forge
800.1Wino Rd, Box. 8
Spring Grove IL 60081
Ph: 847-587-1000
Fax: 847-587-2000
AN. BF, FQ. NO. SR. TE

Shanafelt Mfg, Co,
2633 Winfield Way N,E.
Canton OH 44705
Ph: 216-455-0315
Fax: 216·455-4487
SR

Snore Metal. Technology
5475 Avian Park Dr.
Cleveland OH 44143
Ph: 216-473-2020
Fax: 216-473-0947
AN. BF. CN!. CR. CY,
HOQ. NCR. HI. NO. FF,
SR, TE

Specialty Heat Treating
3700 Eastern Ave,
Grand Rapids MI 49508
Ph: 616-245-0465
Fax: 616-245-3060
AN. CNI. CR. CY,
HOQ, m. NCR. NO.
SR. TE. VF

Specialty Steel Treating
31610 WEigh! Mile Rd,
Farmington Hill. MI
48336
Ph: 810-478-5900
Fax: 810-478·9626
AN. BE, CN!, CR, FQ.
HOQ. NO. PQ. SR. TE

Specially Steel Treating
34501 Commerce Rd,
Fraser MI 48026
Ph: 810-293-5355
Fax: 810-293-5390
AN, SF, CN/, CR. CY,

State Heal Treat Inc,
520 32nd SI. S,E,
Grand Rapids MJ 49548
Ph: 616-243-0178
Fax: 616-243-6337
e-mail:
bharvey@aol.com
AN. BE, CNI, CR. FQ.
IH. NI. NO. PF, SR. TE

Sun Steel Treating
550 Mill SI.
South Lyon MI 48178
Ph: 810-471-0844
Fax: 810-437-3140
AN. CY, IN, NT. NO. PE,
SR, TE

T. N, Woodworth Inc,
1600 Farrow St.
Ferndale MI 48220
Ph: 810-541-1960
Fax: 810-541-3864
AN, CNI, CR. CY, FQ.
NT. NO. PF, SR. TE, VF

Therm- Tech of
Waukesha

, 301 Travis Lane
Waukesha WI 53186
Ph: 414-549-1878
Fax: 414-549-4320
AN. SF. CNI. CR. CY,
FH, HOQ. NCR, m:
NO. PF. SBN. SR. TE

Thermet Inc,
203 Travis Lane
Waukesha WI 53186
Ph: 414-544-9800
Fax: 414-544-5959
FH. m. SR. TE

Thermo Treaters Ltd.
101 McCoy Creek Dr,
Buchanan Ml 49107
Ph: 616-695-6700
Fax: 616·695-6737
AN, BF, CNI. CR. CY,
FH, FQ: HOQ. NCR.
N!, NO. PF, SR, TE

Tocco, Inc,
I 30100 Stephenson Hwy,

Madison Hts, M1 48071
Ph: 81O~399-86Q1
Fax: 810-399-8603
AN, IH. SR. TE

TracTecb
11405 Stephens
WarreD M1 48090
Ph: 810-759-3880
Fax: 810-759-1645
AN. BF, CN/, CR. CY.
DQ. NO. SR. TE

Treat All Metals Inc,
5140 N_Port
Washington Rd_
Milwaukee WI 53207
Ph: 414-962-2500
Fax: 4[4-962-4702
AN. BTF, CNl, CR. CY,
DQ. PQ, HOQ, NCR.

I NT. NO. PF, PQ. SR, TE

Trojan Heat Treat Inc,
320 East Plain St
Homer MI 49245
Ph: 517-568-4403
Fax: 517-568-4435
AN. NO.SR

Trutec Industries
4700 Gateway Blvd,
Springfield DB 45502
Ph; 513-323-8833
Fax: 513-323-9192
BF, CNI. CR. CY, FQ.
NCR. NI. PF. SBN. TE

Universal Heal Treating
3878 E, 93rd SL
Cleveland OH 44105
Ph: 216-641-2000
Fax: 216-641-6703
CNI. CR. CY, Nt. NO.
VF

Walker Heat Treating
10601 Briggs Rd.
Cleveland OH 441H
Ph: 216-881-8100
Fax: 2 J 6-88l-68lJ
AN. BF, CY, F'Q. NI.
NO. PF, SBN. Sf. SR.
TE. VF

Wear-Ever Surface
Treating Corp,
23624 Roseberry
Warren MJ 48089
Ph: 810-778-2330
Fax: a 10-778-2393
BF, NI. SBN

Weiss Industries Inc,
2480 N, Main St
Mansfield OH 4490 I
Ph: 419-526-2480
Fax: 419-526-1158
AN. BF, CNT. CR. FQ.
HOQ. ut. NO. PF. SR.
TE. VF

Westside Flame
Hardening Inc.
38200 Executive Dr. N,
Westland .M148185
Ph.: 313-729-1665
Pax: 313-729-3520
CY, DQ. FH. FQ. HOQ.
!H, NO, SR, TE

Woblert Corp,
708 E, Grand River Ave,
Lansing MI 48906
Ph: 517-485-3750
Fax: 517-485-0501
BF, FH. FQ. fH, NO.. TE

Zion Industries
6229 Grafton Rd,
Valley City OH 44280
Ph: 216-225-3246
Fax: 216-483-3942
e-mail:
KeithStar@aol_com
tH

WEST ,NORTHICENfHA!

Advanced Heat Treat
2839 Burton Ave,
Waterioo IA 50703
Ph: 3.19-232-5221
Fax: 319-232-4952
BF, !H, NCR, NT. SR.
TE. VF

Brazing & Metal
Treating
2501 HiTec Ave,
Albert Lea MN 56007
Ph: 507-373-9630
Fax: 507-373-3771
AN, BZ, NO.. SR

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

Flame Metals
Processing Corp,
7317 W, Lake St.
Minneapolis MN 55426
Ph: 612-928-7230
Fax: 612-925-0572
AN. BF, CNI. CR. FQ.
HOQ. tn. NCR,. NI,
NO. SBN. SR. TE. VF

Good Earth Tools
4 Industrial Drive
Crystal City MO 63019
Ph: 314-937-3330
Fax: 314-937-3386
IH

Lawrence Industries Inc.
2720 S, Cornhusker Ave_
Hastings NE 68901
Ph: 402-463-3158
Fax: 402-463-4128
BF, CNI. CR. FQ. IH.
NI. NO. SR, TE

Lindberg Heat Treating
650 E. Taylor Ave,
S!. Louis MO 63147
Ph: 314-382-6200
Fax: 314-382-3741
AN. BF, CNI. CR. CY,
DQ. FQ, HOQ. m,
NCR. N!. NO. PF, PQ.
SR. TE,VF

Metal Treaters Inc,
859 N. Prior
Sr. Paul MN 55104
Ph: 612-646-1316
Pax: 612-646-7705
AN, CNI. CR, CY,
HOQ. !H. SBN. SR. TE,
VP

Metallurgical Inc,
900 E, Hennepin Ave_
Minneapolis MN 55414
Ph: 612-378-1500
Fax: 612-378-0462
AN. BE, CNI. CR. DQ.
FH. FQ. HOQ. m. NI.
NO. FF, PQ, SR. TE. VP

Midwestern Machinery
902 E_4th St.
Joplin MO 64802-0458
Ph: 417-624-2400
Fax: 417-624-2430
AN. BF, CNI. CR, PH,
HOQ, NO. PF, SR. TE

Paulo Products Co ..
57U West Park Ave.
SL Louis MO ,63110
Ph: 3]4·647.7501)
Fax: 314-647-7518;
AN, CNI, CR, CY, FBF,
FR, HOQ, m; NCR, Nl,
PQ, SR, TE, l'F
See ad page 10,

Paulo ProductsCo.
4827 Chelsea
Kansas City .MO 64130.
Pb:; 816·86,1·7500
Fax: 816-924-7300
AN, CNI, CR, CY,
BOQ, lH, NCR, Nl;
NO, SBN, SR, TE, VF
See ad page 10.

Steel Treating
2250 Fuller Rd_
W. Des Moines IA
50265-5529
Ph: 515-225-6565

Fax: 515-226-8772
AN. BF. CNI. CR. CY,
EBF, tH. NO. PF, SR,
TE. VF

Superior Melal Treating
2540 Indiana Ave,
Kansas City MO 64127
Ph: 816-924-1966
Fax: 816.924-3199
AN, BF, eNI. CR. CY,
FBF, FH. FQ. /H, NO.
PF. SBN. SR. TE. VF

SOUT.H ATlLANTIC

American Metal
Treating Inc,
500 Manley St
High Point NC 27260
Ph: 910-889-3277
Fax: 910-889-7950
AN. BF, CN!. CR. CY.
FBF, HOQ. IH, NCR.
tst, NO. PF, SBN. SR.
TE. VF

Braddock Metallurgical
14600 Duval Place West
Jacksonville FL 322 III
Ph: 904·741-4777
Fax: 904-741-4813
e-mail: jfrim@aol.com
AN. BF, CNI, CR. CY,
FQ. tn; NI. NO. SR.
TE. VF

Carolina Commercial
Heat Treating
P.O, Drawer 1368
Fountai n lim SC 29644
Ph: 803-862-3516
Fax: 803-862-4466
AN. BF, eNI. CR, CY,
FQ. HOQ. tH. NCR.
NO, SR. TE. VP

Dixie Machine & Heat
Treating Inc,
711 E. Franklin
Gas toni a NC 28054
Ph: 704-864-5454
Fax: 704,864.5456
AN, CNI. CR, .BOQ. IN.
NO. SR. TE

Drever Heal Treating
6201 Robinwood Rd_
Baltimore MD 21225
Ph; 410-789-6160
Fax: 410-789-6659
AN. BF. CNI, CR. CY,
FH. PQ. HOQ. IH. NI;
NO.. PF, SR. TE. VF

East Carolina Metal
Treating Inc,
1010 S, Saunders St
Raleigh NC 27603
Ph: 919-834-2100
Fax: 919·833-1764
e-mail:
Rockyl1l@aol.com
AN, BF, CN!. CR .. CY,
tn. NI. NO. QU, SR.
TE. VF

Hanni Richmond Inc,
2800 Charles Cil), Rd_
Richmond VA 23231
Ph: 804-222-5262
Fax: 804-236-5284
AN; CNI. CR, CY,
HOQ. lH. NCR. NI.
NO. SR. TE. VF

mailto:bharvey@aol.com
mailto:jfrim@aol.com
mailto:Rockyl1l@aol.com


nductio'n Heat Tre'afing S,olutions
.L,ef Us Providel lOne Por vou•••

iPlck find Plica,. Here's an opportu-
nity to lower direct labor costs and
havelhe built in versatility to handle
a variety of parts without expensive
retooling. Usingl simple pick. and place
movements, cylindrical parts. can be
induction hardened with consistently
high quality. Here, reaction shafts are
hardened at the rate of 300 parts per
hour. Simple yet effective.

ScanPak. A versatile vertical
scantier that allows tne user to
harden shaft-like parts from cam-
shafts to hydraulic pistons, ScanPak
is available in nine different oonflig-
urations, in power ratings up to,
800 KW. infrequencies -to 50 KHz.
Whether you need single spindle,
dual spindle, or twin drive,tItlere is
a ScanPak exactly suited for you.
ScanPak comes equipped with
microprocessor-based machine
control" integral heat station, and
with spindle -si,zes up to 60·.

Ullitrl-C •• gear hardening-your
answer to carburizing:. Ultra-Case lis
a high speed method for contour gear
hardening. It provides the user with
the ability to surface harden gears at
production line speeds while althe
same time il solves dimensional
distortion problems.

LeI Ajax help make, your next heat treat project a success. WrM to: Ajax Magnethermic
Corp., 174S Overland Avenue, Warren, OhiO 44482. Call toll·freB' 1·800-547-1527,
Fax (216) 372-8644 or in Canada call (905) 683·4980.

See, ~SIt Ihe
ISM Hast T'rest IExpo,

M'arclll 19-21.,1996.
!Cincinnati,IOhio.
Booth 1630'&.1624

The Way The,World Inducts Its 8usineu" .

WARREN. OHIO USA / TORONTO, CANADA I UNITED KINGDOM I CARACAS. VENEZUELA I SAO PAULO. BRAZIL
SEOUL. KOREA I MELBOURNE. AUSTRALIA I BILBAO. SPAIN' TOKYO. JAPAN "FRASER, MICHIGAN

CIRCLE 111 on IREADER :SERV1CE CARD'



SDIJTH ATlANTIC
'(c,ont'dl

HI~ATTREAT SERVICE INDEX
Ph: 915·362·4336
Fax: 915-362-1827

Induction Meta]
Treating Co.
1688 fairhope Rd.
York SC 29745
Ph: 803-684·2548
Pax: 803·684-9387
AN. BF. CNI. CR. CY.
FBF. FH~ FQ, HOQ,
lH, NCR, NI, NO, PF,
SaN, Sf. SR, TE, VF

Industrial Metal
'Treaung COIp.
402 E. Front SL
Wilmington DE 1980 I
Ph: 302-656-1677
Pax: 302-6564370
AN, BF. CNf, CR, FQ,

I HOQ. lH. NI. NO. PF,
SR, TE, VF

JCS Engineering &
Development Corp.
211 W. 220d SI.
Hialeah FL 33010
Ph: 305-888-7911
fax: 305·888·9913
AN, CR, NO, QU, SBN.
SR, TE

Progressive
Engineering Co.
2010 E. Main St.
Richmond VA 23223
Ph: 800-868-5457
Fax: 804-7BD-Z230
NI, VF

Southeastem Heat
Treating Inc,
10 Old Shoals Rd.
Arden NC 28704
Ph: 704·684-4572
Fax: 704·684·5982
AN, BF. CM, CR, CY.
lH, NO, PF, QU, SR,
TE, VF

Suncoast Heat Treating
316 S. Hughey Ave.
Orlando FL 3280 I
Ph: 4D7·84]·7145
Fax: 407422·3276
AN. BF, CNI. CR. CY.
FH, FQ, HOQ, NI, NO,
PF, Sf, SR, TE. VF

SUnCOilS!Heat Treating
4704 W. South Ave.
Tampa FL 33614
Ph: 813-870-1510
Fax: 813-871·3792
AN, BF, CNI, CR. CY,
PH. FQ, HOQ. NI, NO,
PF, SI. SR, TE, VF

Suncoast Heat Treating
3181 SW 15th SI.
Pompano Beach FI!..
33069
Ph: 305-968-6200
Fax: 305·972.()970
AN. BF. CNI. CR. CX
FH. FQ. HOQ. IH,
NCR. NI. NO. PF. Sf.
SR, TE, VF

Thermal Braze Inc.
l30J'uno SL
Jupiter FI!.. 33458
Ph: 561-746-6640
Fax: 561-746-7452
AN. BZ. CY, m; VF

36, GEAR TECHNOLOGY

Thermal Metal Treating
314 S. Pine 51.
Aberdeen NC 28315
Ph: 910-944-3636
Fax: 9 J 0.944.3280
AN, BF, CNI, CR, cy.
NO. QU. SR. TE

Western Stress Inc,
7523 Whitepine Rd.
Rlchmond VA 23237
!Ph: 804-271·5447
Pax: 804-271-7692
SR, TE

EAST SDUTH CENTRAL

Braddock Mct31hugical
3008 Red Moms Pk\\o·y.
Anniston AL 36207
Ph: 205-831-5199
Fax: 205--831-5680
AN, BF. CNf, CR, CY.
HOQ. NO, PF. SI, SR,
IT, VF

Brazing & Metal Treating
1379 Jamike Lane
Erlanger KY 4101.8
Ph: 606-647·1115
Fax: 606·647-1165
AN. NO. SR, TE

Coleman Commercial
Heat Treating
2867 Hangar Rd.
Memphis TN 381] 8
Ph: 901·366-0204
Fax: 901·366--0770
AN. BF. CN7, CR. FH,
HOQ, IH_ NT.NO. SR. TE

Di. ie Heat Treatiug Co.
RL Il Box 91 Church Rd
Florence AL 35630
Pb: 205-767-1572
Fax: 205-767·1573
AN. BF; CNI, CN. CY. FQ,
NCR, NO, PF, SR, TE

Gibson Heat Treat Inc.
2037 Brookside Lane
K lngsport TN 37G60
Ph: 423-246·5542
Fax: 423-246-8629
e-mail;
JohnGibsn@aol.com
AN. BF, CR, PH, FQ,
HOQ, IH, NO, PF, PQ,
SR. TE

Lexington Hear. Treat
657 E. 7th sc
Lex ingron KY 40505
Ph: 606-231·0236
Fax: 606-211·9464
AN. AT. CNI, CR. CY.
HOQ, IH, NO, SBN,
SR, TE. VF

Metal Methods
260 Chenault Rd.
Fmnkfnrt KY40601
Ph: 502·695-5700
Fax: 502·695·5702
AN, NO. SR, TE

Metal-Tee Heal
Treating Inc.
4723 W. Station Sl.
Eigh.t Mile Al. 36663
Pb: 3.34-456-1133
Fax: 3.34-456-1134
NCR, NI, PF. SR

Mountain Metallurgical
P.O. Box. 460
Bllzabethton TN 37644
Ph: 423-543-7212
Fax: 423·542·3519
AN, 8F, 8TF, CNJ: CR,
Cf. NO, PF. PQ, SR, TE

Paulo Products Co.
1.307 Rutledge Ave.
Murfreesboro T
37129
Ph: 61.5·896·1385
Fax: 615.!I95.%JJ
cs: CR,BOa, NI;
SR, TIZ
See ad page 10..

IPSIlIo,Products 'Co.
1540 Channel Ave.
le!!!phis TN 8n3

IPh: 9in-948·552J
fa.x:9(l1·948-7S01
AN,C I; CR; q;
BOa, IH.CR,. I,

O,SR. TE, YF
See ad p!!gt [0.

Paulo Produc 0,

70S • l2nd I.
Bessemer AL 3511211
PI\: 205·428-1294.
Fax: 205-415·9841
II ,CNI, CR, CY,
HOQ,. NI, SR,. T13, VE
See ad ~pagc10.

Paulo Products ce,
3206 Ambrose
NlIShli1ille·T 37207
PII:615·228·2526
Fax: 11,15·228·2734
AN, eNI, CR, CI'; FEI,
HOQ; Ill, NI, NO, SR,
TE, YF
See ad page :10'.

Specialty Heat Treating
105 W. Sanderfer Rd.
Athens AL 35611
Ph: 205-233·1147
Fax: 205·232·5595
AN, BF, CNI, CR, CY.

I FH. HOQ. NCR. NI.
I PF, Sf, SR, TE. VF

WEST SOUTH CENTRAL

Advanced Mel T-ech.Inc.
212 Page Ave.
Fort WoI1h TX 76110
Pb: 817·921·5700
Fax: 817-921-5372
AN, BF. CNI. CR. FQ,

I HOQ. II. NCR. NI, NO,
PF. SR. TE, VF

Cooperbeat toe.
910 Walcol Rd.
Westlake LA 7Q6{)9
Ph: 118-882·1800
Fax: 31 g·882.1821
AN. NO. SR. TE

Custom Heat Treating
4117 Meadow Lane
Bessier City LA 71111
Ph: 318-742-6662
Fax: 3 18-7424135
AN, BF, HOQ, NI, NO,
PF. SR, TE.

Eckel Heat Treat
8035 W. County Rd_
Odessa liX 79764

e-mail:
Heckel@aol.com
AN. SF. CR, HOQ, NO,
SR, TE

Hinderliter Heal
Treating Inc.
1240 N. Harvard
Tulsa OK 74115
Ph: 9.18-834-085.5
Fax: 918·8364162
AN. BF; CM, CR, CY,
FH, HOQ. IH. NCR.
HI. NO, SR. TE. VF

Hinderliter Heat
Theating Inc.
2005 Montgomery 51.
Fan Woltb TX 76107
Ph: 817·737-6651
Fall: 817·377·96:10
AN. BF, CNJ. CN, CY,
FIf, FQ, HOQ, IH. NCR.
NO, PF, SR, TE::, VF

Hinderl iter He..t

Treating Inc.
10530 Doric 51.
Dal.lru;TX 75220
Ph: 214·357-0394
f,\)(: 214-357-0195
AN, 8F; CNI, CR, CY,
FQ. NCR. NI, NO, SR.
TE. VF

Houston Flame Hard'ng,
215 N. Jenkins 51.
Houston TX 77003
Ph: 713·926--8017
Fax: 713-926-831.6
BF. FH, SR, .TE

Lindberg Heat Treating
8316 E_ Freeway
P.O. Box 24369
Houston TX 77229
Ph: 713-672-660 I
fa;(: 713·672·5164
AN. BF, CNI. CR, IH, Nl,
NO, PF, QU. SR. TE

Magnum Met. Treating
4400 N, Frazier Sl.
Conroe TX 77303
Ph: 409-856-6607
Fax: 409·856-6271
AN. CNI, CR. NI, NO,
rt: SR. TE, VF

Partek Laboratories Inc.
225 S. Hollywood Rd.
Houma LA 70360
Ph: 504-851-5310
Fax: 504-851·5312
AN. 8F. CR, NO, PF.
QU, SR, TE

Wall Colmonoy Corp.
4700 S,B. 59th St.
Oklahoma City OK.
73135
Ph: 405-672-1361
Fax: 405-670·3763
AN. NO, PF, SI. SR

MDUNTAJN

ABS M~\;!IlIyrgical
Proce SOts Inc.
4313 E_ Magnolia St.
Phoenix AZ 85034
Ph: 602437-3008
Fax: 602--47~J09

AN, AU, BF. CNl. CR,
CY. FQ, HOQ, NO. PF,
SR, TE

Mew Treating &
Research
H,1I0 E. 69th Ave.
Denver CO 80229
Ph: 303-286-9338
Fax: 303·286--9366
AN. BE CNI, CR. HOQ,
NO. PF. SR. TE. VF

Pboeni •. Heat Treating
2405 W. Mohave
Phoenix AZ 85009
Ph: 602·258·7751
Fax: 602-258-7767
AN, BF, CNI, CR, CY,
FQ, HOQ, NCR. NO,
PF. SBN. SR, TE. VF

Sonee Heal Treating
3900 N. 3 l st, Ave.
Phoenix AZ 85017
Ph: 602-2774757
Fax: 602-2.3D-'7811
AN, BF. CR. CY. FBF.
FQ, HOQ, Nl. NO, PF.
SBN, SR, TE, VI'

PACIFIC

Accurate Steel Treating
10008 Miller Way

I South Gale CA 90280
:I'h: 310-927-6528
Pax: 310-927-8591
AN, BF; CNI. CR. CY,
FBF, FQ; NCR. NI. NO.
PF; SBN, SR. TE. VF

Burbank Steel Treating
415 S. Varney S1.
Burbank CA 91502
Ph: 818·842-0975
F~x: 213-849·3739
AN. BF. CNt, CR, DQ.
FQ. HOQ, Nf, NO, PF,
to. SBN. SR, TE, VF

CaI·Doran Division
1804· Cleveland Ave.
N.!!lo!1~1City CA
91950
Ph: 619-477-2121
Fax: 619-477-3219
AN, BF, eNI. CR, cy.
FQ. NI. NO. SBN. SR. TE

Cal. 5 urface Hdng.
1315 S. Alameda
Compton CA 90220
Ph: 31D-608-5576
Fax: 310·608·2072
FH,SR

Certified Melal Craft
877 Vernon Way
EI Cajon CA 92020
Pb: 619-593-3636
Fax: 619-593-3635
AN, BF. BZ, CR. CY.
FQ, HOQ. NO, PF.
SBN, 51. SR. TE, VI'

City Steel Treating !.nc.
13007 Los Nietos Rd.
Santa Fe Springs CA
90670
!Ph: 3!D-941·1246
Fax: 310.941-1247
AN, BF. CNI, CR. CY.
FQ. HOQ. NCR. NI,
NO. SR, TE

EdWOLrd. Heat Treating
642 McCormick SL
San Leandro CA 94577
Pb: 510.638-4140
Pax: 510-638·1438
AN, BF; CNI, CR, FH,
ro. iii, NO, PF, SR, TE

Flame Hardening Co.
of California
6057 State St.
Huntington Park CA
90255
Ph: 213-589-5Q6{)
Fax: 213-589-5403
BF.FH

Hinderliter Heat
Treating Inc,
1025 N. Pauline SL
Anaheim CA 92801
Ph: 7,14-776-8312
Fax: 714-776--8446
AN, BF, BZ, CNI, CR.
ey, FBF. .F.Q. HOQ,
NCR. NI. NO. PF. SR,
TE. VF

H inderliter Heat
Treating Inc., We t
18600 Oxnard 51.
TarzanaCA91356
Ph: 818· 344-{)!H6
Fax: 818-609-9372
AN_ BF. CNf, CR. CY.
FQ, m: NCR; NI, NO.
PF. SI, SR, TE. VF

Hitech Metallurgical
1384 Trade SL.
San Diego CA 9212.1
Ph,619·586--7272
Fax: 619-586-7598
e-mail:
AAJB84D@PRODI-
GY.COM
AN, CY, NO. SI, SR, TE,
VF

Industrial SteelTreating
3370 Benedict Way
Huntington Park CA
90255
Ph: 2]3-583-]231
Fax: 213-589-1255
AN. AU. BF; CM, CR.
e¥, DQ. FBr, FQ,
HOQ, NCR. NT. NO,
FF, PQ. SR. TE, VF

Met-Tek Inc.
15651 S.E. 125th
Clackamas OR 97015
Ph: 503·656-3203
Fax: 503-655-6898
AN, AU, BF. CNI. CY,
HOQ, tn: NCR,. NI,
NO, PF. SR', TE. VF

Oakland Metal Treating
450 Deroy Ave.
Oakland CA '9460 I
Ph: 5 1D-261-9675
Fax: 510.261-5678
AN. 8F. CNf, CR.
HOQ, NO. PF. SR, TE

Washington
Metallurgical Services
244 76th Ave. Soutb
Seattle WA98134
Ph: 206-622·8960
Fax: 206-623-5045
AN. BF, CMI, CR. CY,
DQ, FH, FQ, HOQ. m,
NO. PQ. SR, TE. VF

mailto:JohnGibsn@aol.com
mailto:Heckel@aol.com
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MARCH 7~9
AGMA's 80th Annual Meeting. Marriott' Harbor Beach
Resort, Fort Lauderdale, FL. Thi year's theme will be "The
Pressure of Realily--Manufacluring in a Changing World."
Call AGMA Headquarters. 703-684·02] I or fax 703-684-
0242 for more informatlan,

MA1R.CH,12
SME C-OULe in Fundamentals of Coating for Culting Tools,
Chartoue. NCo Contact Susan Mihalik at 5MB Headquarter.
3]3-271-1500 or fax 313-27[-286] for :more information.

MA!RCHI17'..;18
ASM Heal. Treating Course . Cincinnati Convention Center.
Cmcinnaii, OB: Basics of Induction Healing. Nilriding
Processes Technology. fEA in Heat Treat Applications, Laser
Traosferraauon Hardening. Practical Guide 10 ImprovLng
Performance of Precision Tooling & Component Wear Parts. Call
ASM at 216-338-5151 for more intormation.

M_A-'-RCHI19-21
ASM's 16th Heal Treating Society Conference & Exposition.
The Clnclnnau Convention Center, Cincinnati, OH. For more
information. call ASM International nt 216-338-515,1 or :frurt.
216-338-4634.

~A!RCHI2S-:27, APRIL 2-3
5MB conference on Implementing the QS 9000 Aummotive
Standards. Contact Su an Mihalik. at SME Headquane 31,3-
27H500 or fax 3D-271-2861 for more information.

APHll22-24,
Vcrein Deut cher Ingenieure (VnW) First International
Conference on Gears. Hilton Hotel, Dresden. Germany, Co-
spon ored by AGMA and other international gear organiza-
tions. For more information. conta I. the Organizing
Secretariate in DUsselclorfby phone at 49-211-6214-50.1 or by
fax at 49-211-6214-575.

AIPRlil22-Z6
ASM Seminar, The Principles of Heat Treating, Materials
Park, OR Week-long conference covering basic heal treating
metallurgy. For engineer, technicians and management,
Contact ASM at 1-800-336-5152 x300 or fEliX 216-338-4634,

APRJL23-Z4
5MB course on nesigning and Manufacturing Plastic Gem tin
Chicago, lL. Contact Susan Mihalik at 5ME headquarters
313·27l-W500 or fax 31.3-271-2861 for more informati n.

APRIL .29HM1AY 1
University of Wi consin, Mil.waukee Seminar on Plastic Gear
Manufacture, Application & Design, University Center for
Continuing Education, Milwaukee, WI. Contact Roger Hirons
at 4W4-221-3,W05 or frut 414-221-3119 for more information.

SPIRAIL IBEVIEL G,EARS

Spiral I.Straight Bevel Gear Manufacturing!..
CommerciallOl,Bircrah q,ua,lity Illealing'..

Spur. helical. splined! shafts, in1ernal I.extell'Dal,
shaved ,& ,ground gears. Spiral beve'l grinding!.

MiH·45208 -IMII·Sm..,. SPC

CIINTACT:
,CRAIG D. RIISS
(810) 176· 7580:

FAX (810) 176·23.22

MIDWEST GEJiR
&111111 INC.

26069 Groesbeck iHwy,
Warren, MI480B9

CIRCI.·EU8 OI'l,IREADER: IREP,LV'CARD

WOIRLD CLASS MAJ4!UFACTUR,ER

Let us hel:p you mee't
tornorrcw's chaillenge's t,oday:
•. Leading DE manufacwr,er of precision

helical and spur ge.a1'.s.

The team with' expenence 8'od modem,
flexible equipment.

• Committed t,o quality, cost, deliveTY-. and
customer service.

i' GLOIBAL GEA.R
2500 Curtiss'· P.O. Box 1406 Downers. Grove, Il 60515

'.....800 ...82:5...GIEAIR.
CIR.Cl!E 119 on, R1EADER REPlV CARD
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PRODUCT NEWS I

W'el'come to, our Product News page. Here' we,feature new products of interest to the, g;ear and gear products markets. To gat more
information on these, ilems. please, Clirc'ledie Reader Service Number showll. Send your new produc1lr,uleases, to,; ,GBM lBchnol'a,-y.
11401lont Avenue, (,lk Grove, Vlnage'" IlL6OOOJ', Fu: 847-437-16618:.

Large Diameter IGear Cutter
The Gleason Works has introduced

the Pli1oenix@ 1000HC hypoid cutting

machine ~or production of precision

bevel and hypoid gears up to 39" (lOOO
rom) nominal diameter (face milling
with 5: I, ratios), The machine also offers

flexible, flllly automatic. etup and oper-

ation. CNC control. of all 6 axes for part-
to-part andjob-to-job repeatability,and a
cast iron frame and, special roller-style

linear bearings for maximim stiffness
and damping characteristics,

Circle 300

Dua'l-Headl Grinding Machine
Mutschler Technologies introduces

the Model OR 202 bench-top, dual-head

grinding machine forcllamfering and
deburring two surfaces simultaneously,
The compact machine is welt-suited for

grinding a variety of gears including
helical. spur. angle, pinion and spiral
bevel. It features electronic and pneu-
matic control panels and a programma-

ble counter. Holds parts up to 28" in
diameter and 100 lb .. Available with a
manual 3-jaw chuck or an optional self-
centeringair chuck

Circle 302:

Spline Roller
West Michigan Spline. Inc. has in-

troduced a new line of spline rolling

machines. The Models 24,. 36 and 48
spline rollers have been redesigned to
provide for uperior str,eogLi'l and elimi-
nate tie bars. Their one-piece "C" frame
welded construction is thermally stress
relieved. The machines have externally 5000iFDrilwer Oven
based coolant tanks. filters and pumps The #784 is a 5-tier, electrically heat-
designed with preventive maintenance ed drawer oven from Grieve, It can
in mind. stress relieve pans to a maximum oper-

Circle 301 ating temperature of 500°F, It has a. 24

kW total power input, installed in
Incoloy-sheathed tubular heating ele-
ments. Its work space is 50" wide x 26"

deep x 38ii high overall. Each drawer
measures 44" x 10" x 3.5". It. also has .3

digital indicating temperature controller,
,3 manual reset excess temperature 'COIl-

trol with separate contactors, an SCR
power controller and a 700 CFM, 3/4 hp
recirculating blower.

Circ:le 303

CNC Gear Measuring Centers:
KlLngelnber;g introduces its new P C

33 Gear Measuring Center. The small-
footprint. 13" capacity, 4-ax.is machine
accommodates workpieces up to, 102".

The machine can be used on spur and
helical gears, spiral bevel gears, rotors

and camshafts and tools including shaper
cutters and hobs. It has a multi-axis 3-D
tracer head that can measure non-gear
components, a 3-D digital probe w.ith
high-resolution Heidenhain glass scales
and II special collision protection system.
Other features include a new machine

control. networking possibilities. soft-
ware dhlgnostics via modem and option-
al manual profile and lend checks.

Circle 304

MARCH/APRIl. IIiU 391



COLD FORMED
SPLINE ROLLING

__ PRODUCT NEWS __

MIICHIGANI AUTOMATIC TURNING INC.
1375 Ric!keH.IRd. • Box 297 • Brighton. MI 48116,

Phon.e,:810-227-3520. Fax: 810-227-1014

lOver BalUPin Size
IMeasurement S-ystem

Manufactured Gear & Gage intro-
duces the industry's first 1,OOO-pound
capacity over ball/pin size measurement
system. The Heavy Duty Gage-O-Matic
Model GI2-lOOl provides quick and
easy gear or spline size inspection of
heavy parts. The base machine uses a
linear scale with digital readout. for fast
setups and convenient operation.
Accuracy is 0.0001" (0.0025 nun) with a
resolution of 0.00005" (0.0012 mm) and
repeatability of zO.OOOI" (0.0025 mm).
External capacity is max. ]2" O.D.;
between centers lip to 20" length: face
up to 8" wide; 21 D.P.. max. at 6" P.D.

Ciocle..30S

AIW Systems Co. announces that it is 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"lhroug,h 12"

I al present.

NW can also supply roughing and finishing
cutters, hardware and replacement parts for
most 5"-12" diameter bodies.

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

NIEWfStraight Ileve'l Cutters.

I I I I

Roya'i Oak, Michigan 48067
Tel: (810) 544-3852. Fax: (810) 544-3922

I I II I II I I. I

Honing Mandre'ls
Sunnen introduces its mew KR series

of honLmg mandrels with retractable
stone assemblies for greater efficiency
in bore siz:ing and finishing operations,
Easier loading and unloading of parts
and fewer marks and scratches.
Available on the KR6 through KR20

(Continued, page 42,)CIRCLE 1i22 Oil READER REPLY CA'RD
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A first for IMrS! Explore tne
cesr Generation pa'vilion

and sh'ift into high!

And that's,just the beginning ...
1.2 million ft2

• • • thousands of machine tools and everything that works with them . . .
thousands of experts. to help you make it better, Cas er, cheaper the newest. mast
advanced technology from 30 nations, .... systems, processes, cells computers, software,
controls ... Americas biggest, alld only. complete manufacturing show..
You must see it to beUeve ill'

Worldwide., only a handful of companies
produce gear-making machinery.

But what a handful they arel So sp icial-
ized, so effldent, that these few can supply
all the machines to turn am the millions of
gears that make it possible for the modern
world to operate,

Now you can see their newest and best
in their own Pavilion at IMTS 96 - the
vital world of gear-making aU in one
place, Ifyou make gears, or use them, you
and your team won't miss these fa cinating
demonstrations.
This one Pavilion is worth the trip!

Pbone 1-800-FAB-IMTS· Outside the U.S. 1-703-893-2900
Get complete info on thalntemetlWab: hllp:/Iwww.lmts.org

Pre-register.
Save$$$.
Save time.
Use/ormin

brochure.
Orphone.
Or fl71 in form
on InterneVWeb.

.Manutacturing for the 21st ,Century

I TS96
CHliCAGO, SEPTEMBER 4 - , 1,1996

International Manufacturing Technology Show • 7901 Westpark Drive, McLean. VA 22102 USA
CIRCLE 123 on IREADER SERV1CE CARD
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_------------PRODUCTNEWS-------------
(Continued, from page 40.)

series (.[85"-.744" LD.), the rerractable
mandrels and stone assemblies also will

be offered ill longer sizes designated as
the BLR series.

Circle 306

.New liAIN Coatings
Multii-Arc Inc. announces an

improved .ION BONDe TiAIN coating

for titanium & nickel-based alloys, stain-

less tee] and cast materials. The compa-
ny says the new coating offers twice the

life of its first-generation TiAlN coating.

Called ION BOND I7-D. the coating is
ideal Corhigh speed machining, dry hob-
bing and other machining operations

where high temperature is generated at

the point of cut .. It also offers excellent
ductility, which makes coated tools less

susceptible to chipping when used for

interrupted CUlling.
Cirde307

TUR',N YOUR
"HEIIII IJ, OElH,t.t.

ARO',U'N'D'
WITH OUR COMPOSITE

GEAR
ANALYZER®

ANALYZED RESULTS:
[ir TOTAL COMPOSITE VARIATION

r.=1~=~i? [i!" MAXIMUM TOOTH YO TOOTH

COMPOSITE VARlATION

PC-,20 C'GA®
A Proven Design with Todays'

Technology

YOURR ED' LfN ER' NEVER
TOLD YOU' THE COMPLETE STORY

NOW YOU wm, GET EVERY
DETAIL

PROFILE ENGINEERING INC.
J OQRiver Street

Springfield, VT 0511 56
80'2-885-9176

Fax 802-885-6559

42 GeAR T~CHNOLOGV
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Bearing .Assemb'ly
Pacific Bearing Company hasintro-

duced a new preas sembled shaft.rail and
bearing assembly that the company says
significantly eases installation and

reduces downtime. The assembly is
made of hardened steel. shafti ng with alu-
minum support rails. Either two single or
one twin open pillow block are available

at no extra cost. The assembliesare avail-
able ill ali standard shaft lengths and

diameters as well as custom lengths.
Circle 308

,guic~kChange Tooll System
Madison Cutting Tools introduces

the Madison-Hektoboref quick change
tooling system. In this system, only the
lightweight cutting bead portion of the
tool needs lobe replaced when chang-

ing size or operation sequence. Four
master bar sizes bandle the system's

entire cutting range from.985" to
23.625". Thirteen cutting heads and six

pairs of cutling slides for a broad range

of rough and semi-finished boring oper-
ations with a. minimum tool inventory.
Comes with a precision lide and ingle-
point cartridge fitting on the same head
for finish Doring.

Cil'cle 309

Tell Us What You Think ...
If you found this article of interest and/or
useful, please circle 2118.



Heat'lreet servlces '. Designed for the 'G,ear'Iindus,try
,~'Steet '7'te4tUuJ ~

• Neutra.llhardening and tempering
'. Gas Carburiz1inQl
'.' Gas Nitridingl
I, Normalizingl
• Salt Bath Nit1ridingl- SFNsm

Meloni~et'Jhom Oegussa
Sursul1ft'Jfrom 'H.E.IF.

• Continuous and Batch processing
• Hot oill quenchingl
• Small and larg,e lot processing
• Testing and research capabilities
• 68 Years of expsrience lin all

aspects, of heat treatment

Your one heat treat source for gears throughout the' Midwest.

,~Steet 7'teatt'«9,~
311440Stephenson Highway, Madison Heights. MI 46071
Conta.ct Michael Pode V.P.Marketing 810-588-3300 Fax 610-588-3534

SALES & SERVICIE

,Many Models and'
Sizes to ,choose from:
fill' G,ear Shapers
., Gea,r H~o'bbers
fill' Gea,f S:havers
., Gealr IHloners
fill' Gear Glrinders
'" IHob Sha,rpeners,
fill' I~nlspectionEquipment

CIRCLE 126 on IREADER IREPlY CARD
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Vertical-Scanning J'nduction
Heat-Treating System

Aadyne's ScanMaster™ system
uses modular components that
can be incorporated together or
separately to meet the specific
needs of the heat treater; User
friendly, Microsoft$ Windows)'M
PC-compatible control of all system
variables maintains close tolerance
of heat-treated parts. while provid-
ing a paperless tracking system ..
The ScanMaster™ system provides
for easy system set-up, production
monitoring. on-board fault logging
and diagnostics. An optional off-line
program editor is also available.

When it comes to quality monitor-
ing, Aadyne's PC-compatible.APEX
QA system is fast becoming the
industry standard. This system 'is
capable of continuouslY tracking. in
real time. ,eight Significant process
variables which are graphically dis-
played. Data collection and logging
of each process variable is main-
tained for future SPC analysis.

The Perfect IntegmLion
The combination of Radyne's
ScanMasterlM and APEX QA
Quality Assurance system.
operating in a Microsoft4'
Wlndows™'environment.
represents the latest ,ininduction
heat-treating technology.

Sill us al the
,A-SM Heat ir,eat Expo.

Mar,ch 19--21.1996.
Cincinnati" Illhia.

Bootbl!616

RADY,'E
matlraIDlS in indudion Heating

1·,800-236-8360 -
CIRCLE 127 ofillREADEFI REPLY CAR~



IINIDUSTIRY NIEWS _

Ronald D'. Bullock. owner and presi-
dent of Bison Gear & iEngjneerin,g and
Hi on Electric in St. Charles, it, ha..s
been named chairman of the National
A ociatioa of Manufacturer's SmaU
Manufacturers Forum. He will also serve
011 - AM' Executive Committee and as
a member of the Board of Directors ...
James S. IGleason. chairman and pre i-
dent of meason Corporation. Roch-
e ter, NY~ has been elected first vice
chairman of me board of directors of
AMT -The Association for Manufac-
turing Technology . . . 'Curns T.
Atkisson, Jr. has retired as pre idem and
Chief Operating Officer of PX
Oorporation, Mu kegon, ME. SPX is a
leader in the design, manufacture and
marketing of peeialty ervice tool and
Original equipment cornpon lit for th
motor vehicle indu~lry.

WAY TO GO,. IGU-YS
Don McVittie, president of Gear

!Engineers. Inc., of Seartle. WA.has
received. the Meritorious Service Award
from the American National tandards
Institute (ANSI) for his participation in
ANSI and support of U.S. voluntary
standards ... Gary Martin, pre ident of
Martin procket and Gear, Ine.,
Arlington. TX, ha won the Power
Transmis ion Di tributo As oeiarion's
(PTDA) Warren Pike Award for oUI-
tanding long-term eonrribution to the

power transmission/motion control

indu try and extraordinary service to
PTDA ... Mike Anto iiewicz of falk
Corp.. Milwaukee, WI. and John
Colbourne of the UDiversi~y of Alberta
were recipients IOf the AGMA Technical
Division Executive Committee's Award
for significant contribution to the con-
tinuing development of dome tic and
international tandard. Dave Mc~rthy
of the Dorris Co. and Don Root of Ods
EJe\'stor reeelved Letrers of Merit

C,OMPA.Y INEWS:
Dellphi Saginaw Steering , ,y terns

has opened irs new $211.6 minion
Advanced Systems Center in Saginaw,
MI, to develop the teering and driveline

ystem of the future and the processes
to produce them. The Center has already
establi hed Delphi's leadership in elec-
tro-hydraulic leering. The Center;
includes an Advance Product Center for
the development and testing of concepts.
and technelogie • au Advanced Mallu·
facturing Center to design and build the
proce e. tooling and controls to pro-
duce next-generation systems, an
expanded Prototype Center for sample
production and an Acoustics and
Vibration I 'enter. scheduled to open in
mid-J996. Tile division ha been award-
ed a contract to supply the world's fIT I

high-volume. production eleetrobydrau-
lie sleering sy tern ... Lovejoy Inc. ha
added a second manufacturing plant in
Downers Grove, IL for the primary I'U3'-

po e of producing a broad line or !
mechanical power trail mis ion gear!
couplings recently a quired from let·'
Batb. TIle new operation adds 20% to 1
Lovejoy's total manufacturing space.
Lovejoy purchased the intellectual prop-
erties of Sier-Bath gear couplings ill
1993 , . , NILES Machine liDOl
Company lind Fritz Wern.er Machin
Tool Company of Berlin, Germany,
have announced their merger. The new
company will 'be known as Fritz
Werner and NILES Macbine Tools
Corporation. The new company will
have two product group • aile for gear
grinding machines (formerly NmLES)
and one for machining centers and I:lexi-
ble manufacturing systems (formerly
Fritz Werner), Their representative in the

.S. i the NILES America Division of
WMW Machinery ComplIlDY. Inc.. in
West Nyack, NY .... Cincinnati Gear
Compa~y bas purchased the gearing
divl ion of BHS Sontboren Works in

~ Oermany. The new European company
, will be called GHS-Onchmatii Getri .•
~ beteehnik GmbH. It will combine

de ign and manufacture of high pow-
redJ1ljgh peed gear unit for hip'buHd-

ing. gas cornpre sion, power plants and
other rna hine y terns . . . Compul-
.aUonal Stems, Inc ..I(C 1), peciall b

in predictive maintenance ystems : lid
Itechnology. has open d new training
center in Detroit. MI. and San Diego,

A. The company also has training
facilities in Knoxville, TN. and
Houston, TX. Tbe Gleason Work-,
Rochester, ,Yo has been chosen 10 'be
the primary gear processing equipment
supplier for Black & Decker. Divisions
10 be erved by Gleason include plant
manu'fllctuJ:ing power tools in Easton,
MD, Fayeneville, NC. and Sillgapore ...
Ox~ord In trument Mi.croanaly I
'Gmup. Con ord, MA has acquired the
Micmspec CorpoBUon in Fremont,

A. adding the company's WDX-
400/600 wavelength dispersive (WDX)
spectrom ters 10 it range of Link prod-
nets and y tern' ... 3D Systems Corp.
has opencd new ,ofllices in Toronto.

anada 10 provide local sale • service
and support 10 the anadian market. The
company has at 0 brokengroend 011 a
67.000 sq. It, $4 million manufacturing
facility in Grand Junction. CO.

,NEW ST~NDA1RDS
AOMA has announced the publica-

Ilion of Iwo new rating standards.
AN ·IIA'GMA 2001· 9S is a revision of
'lite 2001-B88, Fundamental Ralillg
Factor. ancl akulauon Method for
.Invoillte Spur GIld Helical Gear Teeth. It
lncorporates numerou . change reflect-
ing the latest thinking about helical rat-
ing and has been edited to make it more
under tandable and easier to use. An
inremationnl metric version of the stan-
dards, ANSJlAGlVlA 2101· 9S is also
available from AGMA.

[SO has just published 1 0 1328-1:
ISO S.VSlem of Accuracy-Port J:
Defillitiolls (111(1 Allowable Vailles of
Deviations Retevant to COYf1esponciing
Flallk of Gear Teeth and ISO 1.08.15:
Gears- Wear and Damage to Teetll.-
Terminology.

Tall Us Wb.t You Think_.
" you found this article 01 interest and/or
useful. please circle 209.
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SERV1CE ,
--

GEAR TOOTH
GRINiD'IIN'G SERVICES

• Cost effective gear tooth g:rinding
specialists

'. Gear manufacturers a,fe our only
customers

-Prototype and production quantities
- Capacity to 27.'5"P.O., 3.50. P.
- Able to match delivery to your

requirements
- .AII service to A'GMA standards with

Certified Gear Inspection 'Equipment

PRO-GEAR COMPANY. INC.
23 Dick Road Depew, NY 14043

Phone ~7161'684·3811
Fax. /716) 684·7711

CIRCLE 150 on,lREADER REPLY C:.ARD

,

PFAUTER~MAAG I

CUTTING TOOLS
I LIMITED,

I PARTNERSHIP'

• HOB SHARPENING

• SHAVING CUTI'ER GRINDING

• TIN. TICN, &: TIALN
COATING SERVICES

• CUSTOM HEAT TREAT SERVICE

PFAUTER·MAAG CUTTING TOOLS
1351 Windsor Road, P.O. BOll 2950

I

Loves Park.IL 61132·2950
Phone (815) 877·8900
fax (815) 877·0264

crRCI-'E 151 on READER REPLY CA'RO

HEAT TREATING
--

MERIIT GEAR
HEAT TREAT

810 HUDSON ST ANTIGO. WI 54409

Iinduction Hardening
Tooth by looth N!ATC:Q

Corburiizlng
Carbonltridlng'
Stress Relievingl

'Normalizing
Annealing

Blast:ing & Straightening
MetaUurgicalloboro!tory

1~800 ..7S..;MERIT
Fax:: 715-6,27-2558
CIRCLE. 153, on READER REPLY CA'RO

Contour Induction
I H,ardening Specialists

I Spur, beliesland bevel years
lOur gear hardening equipment

includes 3 NATCO submerged
process machines and 4 AJAX
eNe·controlled gear sca.nningl
machines. We can a'iso tool to
meet any production need.
Write for a free brochure.

American M'etal Treating Company
1043 East 62nd Street
Cleveland,. 01-144103

(216)431-4492
fax: 1216) 4311.1'508

L,eCOUNIT EX!PANIDIN'G
'M!AN:DR,E:l iREPAI:R

lit your LeCOUNT IExpandinlg
Mandrel!s have been damaged
or are not wi,thin your required
specifications, return them ta
us. We will repair or replace
them at a very reasonable cost.

~eCOUNiT.Inc.
12 Dewitt Drive
Whit.e, RiVerJ. ct., \IT 05001
lei: (BOO)642·6713
Fax: 1802) Z96~6843

CIRCLE 1154on READER REPLY C.ARD
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GEAR TOOLING

I
'GEAR CUTTING TOOLS I

"On the Shelf Inventory"

DIAMETRAL & MODULE
-HOSS

• SHAPER CUTTERS

1DP and finer
Made to AGMA standard

SPECIAL MADE TO ORDER TOOLS

I

• HOSS
• SHAPER CUTTERS
• SHAVING CUTTERS

• FORM RELIEVED INVOLUTE
MILLING CUTTERS

BARIIT INTERNATIONAL CORPORATION
3384 COMMERCIAL AVE.

NORTHBROOK, IL USA 60062·1909;
1TEL: 847·27.2·81:28 FAX: 847·272·82.1 a
I

Rates--Lille Classified: $35per line, 8 lines per inch, $280minimum. Classified Display (3" min.): lX-$S65, 3X-$530, 6X-$500.
AddHional per inch: IX-'$190, .3X-$.180, 6X-$170. Gear Technology will set. type to advertiser's layout or design a classified ad at
no extra charge. Payment: Full payment must accompany classified ads. Send check or Visa/Mast.erCard/American Express number and
expiration date to Gear Technology, I?:O.BOll 1426,. Elk Grove Village, lL 60009 ..Agency Com.mission: No agency commission. on clas-
sified ads. Materials Deadline: Ads must be received by the 25th ofthe month, two months prior to publication. Acceptance: Publisher
reserves the right to accept or reject classified advertisements at his discretion.
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HELP \\'.\:\'TED

IIRIEPSWA.NTED' ,------------------------~.-~-~---,
FI -c- ..,...""ta:tiV'-- s· wanted! b -"', AI;- _. lep,,,,,,,,,, 8 Y maJpr may,,.. I
Ine tool and broactl manufacturrerlor
sales in California, WasI1in.gton, Oregon
andl Canada.

We a~e Iooldng for professiOnal ,organi-
zatlonsor individuals with gear and
broacll sales experience,

ONLY GEAR: PEOPLE INEED A"p,PLYI

Please reply in writing witll:
.' CVlResume if individual
• Brochure and relevant iimla If oom:pany,

BoXVT
GeaJ'TecJtnology
IP.O. Box 14.26
IElk 'Grove "~Wrage,IL 60009,

W'E'RE HIRIING
Gear Machine Repairmen - Experienced
troubleshooter for mechanical and
hydraulic repairs, IKnowledge 01 electrical
systems desirable. No travel.

Sales 'Coordinltor/Associlte Trainee - We
need an ambitious salt-starter with some
familiarity with gear machines. their tooling
and accessories to fill this job. Some famil·
iarity with computers required, Plenty of
room lor advanceme nt,

Friendly worK environment at our ccnse-
nient northwest suburban Chicago location.
Profit sharing, health insurance.

Fax '(our resume to 847·437·6618.

MANUFi\CTURING
SUPERVISOR

Growing Soulheastem Pennsylvania
maaufacrueee of high quality., higheT
volume gear drives seeks person
with good interpersonal skiUs, ini-
tiative and high quality awareness, to
supervise gear manufaoturing and to
bell' devel.opadditionaJ in-bouse
capability in CNC turning., grinding.
and alber operations (cells) ..Hands-
'OD CNC :mac'hining experience
requited. CNC hobbing 31 big plus.
Excellent compensatiall package.
Resumes ill confidence to:
Presidw.
ASI Tec'bnologieslnc..
405 Camlean Uri,ve
Hmi'sb.a.rn.. PA 19044

TU R:\'!:\' G

,GEAR. PROCESS ENGINEER
Harmonic Drive TeelmologK:s manufactures

a unique, .b.igh-r.!1io. fine-pilch gear system 1L.'Ied
fOl" ~i5iol1 !!!OIi\)!l control. Ouf pfQdudS ace
used ill robotics •. semiconductor ,n:umufllClDring
equipment, medical equipment and spacecraft,

- We need a gear process engineer with 5-10
years of experience in CNC bobbing, CNC
shaping, gear blank preparation, gear deburring
and gear tnspection. Will be responsible for
seteeunggear-making equipment, gear metrolo-
gy and tooling and for developing g= process-
es for new products and for improving quality
WId efficiency. This job openulg is for .~ key
member ·of our manufacruring ream wbowill
work clo~ly wir.ll. both m:ml!['llC1ming and engi·
neering, We' d lib someone who has good pr0b-
lem 'solvin,g skills and isa good communicator
and team buiIder; Gear desi.gnirnowledge ,and 3.

B.SME are desired.
Harmonic Drive; 1recl!!!ologies offers 3, com-

pctiliYe ,salary and an excellentbenefits plan
including fnmily medical, denlill, 40 IK. mitlon
reimbursement and more.

• QUICKIDEUVERV a COM-,anwE PRlClNGI

° STAJE Of THE IIf IWAlITY CoHntD£

-leNC TURNrNGCAPACm UP '1110111" DIA.
311" AlIS ANDlWLN SPlNDW

-lfROMI PROTDlYPESm IHIGH vow E
IPRDDUC110N!

LET SAUl( MACIlIN. WORKS, AN
EXPERIENCED, PROVEN SUPPUER JOI TilE

GEAR INDUSTlIY. roRN YOUR BlANKSI

IAUlIIACHIIIIE WIIIIIS. UB.
iWIlt! IDriYtWIIMI'" m... _
TlllpL_ (Mn21.s.sA1a[m5I
fill (lUI Zt5-l4M

1'0 .ADVERTISE
liN 'TIHIE

ICtASSIFIEID
SE,CTION

ICAILL
,841-431..'6604

TOD'AY!

CIRCLE '157 on IREADER IAEPLY CARD,

GL\R ;\] FG.

V ..CU..-.S·TO.eM.IIM.A.- 'D.E.F~'SPIIR'AL &
~ STRAJGHT

IBEVEL GEARS
°Dia. 5 mm to ,850 mm.
-Module 0.5 to 20.
-Spiral bevel gril1dil1g •
• Custom made gearboxes.
• Small batch qu.antlty,

early deliVery, economJcallprloos.

BEVEL GEARS .p-NDI'A)PVr. llD'.
5412Whi1efield Road· MahaOOvapum Rosl

Bangalore 560 048 .• Iindia
Phone: 9t.acHl510751185U704

Fax: '91-B!)-:851i1476l52..l12387

USA: Mr, rom JOOIlSOIl
Phone: 602-275-3755
~ax;602-244-99()c7

'CIRCLE. 156 on REAJ)ERI REPLY CNlD
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AOOENOUM _

The Gears of AVQ,n &
Other Tragedies

Gear Technology's bimonthly aberration - gear trivia, humor, weirdness a11(1oddments for tile edification and
amusement of our readers Contributions are welcome

As part of the Ad-
dendum Team's never-

ending quest to improve
the overall cultural
tone of the gear
indu try, we bring
you the following:
April 23 :is the

432nd birthday of William Shakespeare.
No matter how much you remember

from those long-ago IiI classes, we'll bet
you didn't know that in addition to his
many other talents. Shakespeare was a .
gear engineer. ,

What, you say? You don't remember
this from high school English? Well,
maybe you just weren't paying attention.

Allow us to quote you chapter and
verse, or, more accurately in this case,
act and scene number.

Shakespeare appreciated the eager-
ness with which gear engineer ap-
proach their work. From act l, scene 4,
of Hen,ry VI, Part II. we hear: '1"0 lhi

gear" the sooner the better." And from
Richard HI, act l , scene 4, "Come. shall
we to Lilis gear?"

He also understoodjhe tragedy of
gear failure. In. Ttoilus & Cres ida, act I,
scene ]. Paadarus laments, "Win this
gear ne' er be mended?"

And he knew how committed gear
engineers are to rhelr work. In Hellry VI,
Pari II, act 3, scene 1, the Duke of York
promises: " ... I will remedy this gear
ere long,/Or sell my title for a glorious
grave." (Now there's a guy who may be
taking his work a bit too seriously)

So that we "vex. not the ghosts" ofour
English professors, we arc obliged to
point out that we're being "satirical
rogues." "Gear" in Elizabethan times
was used to mean any kind of business
or arrangement; in Shakespeare's case.
often something not very nice. like
assassination or betrayal, which the Bard
seems to know a whole lot more about
than he does, aboutgear engineering.

U /titS" CLVB. I
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'H~lIo, Tm suI'T)I,Mr. Clarrry is i" ctmflTmce __ , lMlo, Tm sorry, Mr. Clanry is outfor IIx day. , _
H~llo, I'm lorry, Mr. Clonry if on the athlT lin~ _, _
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And On Other Fronts ...
While lurking in the libraryfor evi-

dence of lizabethan gear manufactur-
ing (you didn't think we made this stuff
up, did you?), we came aero anarti-
fact that pre-dates Shakespeare by a
couple of hundred years. The following
is from a contract signed in 1344 by an
early gear engineer, Walter Lorgoner of
Southwark, with the administrators of

St. Paul's Cathedral, London:
'The said Waher shall make a dial

for the dock of the same church with
roofs and all manner of apparatus apper-
taillill.g to (he said dial and fer turning
the angel in front of the clock so that the
said clock may be good and suitable and
profitable to show the hours of the day
and night. The said clock is to remain
without defects, and in case defects

shall be found afterward in the am
clock, the said Walter binds him elf by
this indenture to make the repai_rs when-
ever ~heshall be summoned by the min-
isters of the Church. And for this work
well and duly done and completed, tile
aforesaid Dean and Chapter sbaJ1 pay
him six pounds sterling-and the said
Walter hall find at his own cost the
iron. brass, and all manner of other
things for carrying out the said work;
and shall have for himself the old appa-
ratus which will no longer serve."

No mention of holiday. vacations,
offee breaks or a health care plan. Ju t

thought. you'd want to know that before
you quit your day job looking for green-
er pa tures or a career in the theater. 0
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Hob, shave, grind, hone ...the
choices for precision cylindrical
gears are many, and we have the
adva_need machines and expertise
to make your process cost-effective
and precisely productive.
Affordable RHQENIJ<-CNC hobbers
deliver rigid high-speed wet or dry

cutting. for
reduoed
cycle times and consistent accuracy.
Gear finishing options have never
been greater, starting with the,
proven efficiency of Hurth GNG
shaving machines and cutters.
Our fullY-automatic threaded-wheel
grinder and Hurth spheric honing
machines can eliminate entire
process steps. Ghamfeling/debur-
ring machines round out the line.

130 years of experience also
back our ongoing commitment to
bevel and hypoid gear-making
machines, testers, tooling, design
and development software, and
support. Continent to continent,
our worldwide rssourcesare unique
and ready to serve you.
Call 1-800-643-2770 or your
Gleason regional sales manager.
The arlS"Ner is ·Yes."

The Gleason WorkS, 1000 University Ave., RocheSter. NY 14$92
7161473-1000 Fax: 7161461-4348
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