


r!fGE FANUC Series 15 CNC,
with universal-menu programming
to fully automate setup

lit'FANUC Digital AC servo drives
on all 5 axes, as well as FANUC
microprocessor-controlled hob
spindle drive system

IJfWorktable with two-start double
worm and worm gear drive

rJfHob head with tangential slide,
including hydro-mechanical
clamping/unclamping of
hob head swivel
Quick-change hob arbor
clamping. including hydro-
mechanical clamping attachment
for outboard bearing upport

ialSmall footprint design. including
attached-tank hydraulic and
recirculating lube system

I!Ji'Built. and supported by American
Pfauler. conveniently located in
Rockford. Illinois U.S.A .

It's a Pfauter ...in stock and available
today with these outstanding
features ...all standard! ,. ,P320

...And much more!
For the gear hobber you've ,always wanted,
call (815) 282-3000

1351 Windsor Road
Lovas ;Park., IL 61132-2698 U,S,A.

umIl8d Pal"fllBrShirJ
Phone: 815-282-3000
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Long-lime readers of the e page will know that I havealway felt strongly about the ubject of profe ional education.

There's nothing more important for an individual' career development than keeping lip with current teehnology, Likewise,

there's nothing more important that a. company can do for itself and its employees than seeing to it they have the professional edu-

cation they need. Giving people the educational tools. they need to do their jobs is a nece ary ingredient for success,

But one of the problems with thi worthy goal i finding out who' offering good. reliable traiaing in gear-related sub] et .and

where it's being offeTed. Now, thanks W the AGMA Foundation. there is a solution. mt has compiled a booklet contaiaing lists or
gear manufact\.uing and related training courses. detailed description of the various curricula, dates of classes, costs-in short,

everything you need to !mow to find out about particular courses.

This booklet. "Education & Training for ihe Gear Indu try:' is available from AGMA headquarters (703-684-02U). The 1997

ve ion sh uld be available by 'the time this editorial goes to print. This book is a "must have" for anyone intere: ted in kccpingup

with the latest and be t gear trajnjngavailableinlhe U.S.

The book is well-·or~anized, br-oken down by subject, type of training (course or seminars) and level of difficulty. h also

includes in tructor credentials and detailed contact information about each organization offering training. The AGMA FOllndation
de erve. fuU marks for pulling all this material together and organizing il. ;inusable form.

Having aid all that, I do have one quibble. not with the book, but with the .Foundntioll, The 1996 edition of the book was priced

at $12.95, with free copie going to "principal members" of AcGMA. As ofthis w.riting. pricing information wasunavailable for
the ] 997 edition,

No no. one knows better than J do what paper and prinl. cost. Tru t me-they're not cheap. Still, thi charg.e eem c unter-

productive. I.as ume Ithe Foundation's goal i to upport the e educational efforts and encourage participation in th m. There' not

a chool in the country that charges for its catalog of courses. Thi eem to me to be the equivalent of a company s yillg. "We

make 3! really good product, and if you send u $12.95, we'll tell you all about it."

WIthe Foundation feel it has [0 recoup its printing co I .it would make more ense to charge a mod t fee to the organiza-

tion whcse courses appear in 'the book. Or. since the Foundation (and. AOMA it elf) are non-profits. maybe the boo should

be looked on as a service they provide for the industry. A charge for hipping and han-

dling . eerru reasonable enough, as does a charge for cempanie that mighl. want
dozen. of copies to distribute to customers. !But $12.95 a pop to indiv.idual ju t for

information that. arguably. AGM_A should have been providing for its members any-

way seems a bit much,

A highly trained work: force IS ab olute.l), e ential to lheoontinui.ng ucce of the
gear indu try. and the AcGMA Foundatioll has done u all a service by gatheringtogeth-

er thi trainiQg information in convenient and usable form. Now I'd like to se the

Foundation take the n xl tep, and make it available and affordable to everyone in the

indu try who could benefit from it

iJJt.[IJ ~. cr •. -rr-/~
Michael G ldstein

Publisher & Editor-in-Crud



LMT-Fetteoffers 0: wide variety of productIvity-
enhancing hobs, induding:
Soli'dl'Carbide IHobs fOr Dry Machining

'. Ma:ximum Speed and Produdivity
• Cleaner Shop, Parts and IEnvironment

Heavy Duty Roug'hingl and POni5'hing H'obs
• 2-3 limes faster than Conventional Hobs
• Staggered Teelhfor Smoother Operation

Inde~abl Carb·de I'nsert Hoi 5

• Reduoed Downtime by Ex.dhanging Pre-set
Segments on Machine

• Carbide IinsertGrades to Match Gear Material
• INo Resha~pening

Sk,jv8Hobs for Hardened Gears
• Removes Distortion Faster than Grhlding
'. Use as Pre-grinding Hobs,lo Reduce Grinding Time

Gash ,Mosler Hob! with,tke Most 'Gashes Avail'able
• Faster, More Productive Cycle,Times

'Gear Gashing,Cutters
• Rough Machining of Lorge Gears
• With Bore or End MilllStyle

Resharpening Se..-vices Availab'le

This Dog Eat Dog World...
... I?oductiv;ity and efficiency

are everything. You'need hobs
that perForm with superior occu-

racy and efficiency. You need
hobs you can rely on, day ,a,ker

day, to maintain maximum productivity. You need
lJv\T-F,etteIhobs.

for ,al'mostacentury, LMT-feHehobs have pro-
vided a competi~ive ad¥cntage. Englineered to meet
your speciAc manufacturing requirements, I.N.Helfe
hobs produce the highest quality gears at the Fastest
possible rate. And l.NiT-Fette hobs are so precise,
efficient and friee cutting/they reduce wear and
fear on your machines, provide longer tool

!liFeand minimdl down-time. In other
words, they'll foke a big bite out of
,o,peroting costsl

LEITZMETALWORKING TECHNOLOGY GROUP

BOMIL! IR.III .' FiETl' • KII=,NINGEiR

3725·1 H. 126ft1 51.. BROOKFIElD, W15CONS1N5300S. IPHONE: 800-2:25-0852: • FAX: 414-113-.5043
CIRClIE104
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Induction Heat Treating:
Things Remembered,

Things Forgotten

! any potential problems are not

a..ppare.. nt When. USin. g.new induc-
tion heat treating systems. The
operator has been trained prop-

erly, and setup parameters are already

developed, Everything is fresh in one's

mind, But as the equipment ages, person-

nel changes or new parts are required to be
processed on the old equipment, impor-

tant information can get lost in the shuffle.
Now it's time to develop a new and

updated checklist for the heat treating
operation. In thisarticle, we wilJ discuss

items to be included in a guideline for
setups and a checklist for installation and
operation of the induction system. We
willalso discuss the importance of the
coil design, quenching, part rotation and
induction temper, as well as what can be
done about distortion of parts and short-

cuts for nondestructive testing.
Ten Steps to Easy System

Maintenance
Successful moneymaking induction

systems should require few, if any, tools

to change from one part to another. Great

success can be achieved if you 10Uow a

few simple rules.
1. Read your OEM supplier manual.
2. Every day check the tightness of

the bolts on the coil. bus work: and quick

disconnects.
3. Wear rubber gloves and a robber

apron when operating the equipment;
wear hearing protection if needed.

4. Clean the inductor weekly or when
a coil changeover is made to remove
quench polymer and scale before it dries
hard as a rock.

S. Before installing the coil, use a plas-

tic scouring pad on the bus mating surface
to remove foreign material from the elec-

trical surface. Do not use sandpaper!

fired S;pecht

6. Do not use your induction system
as a parts washer. Heavy oil will contam-
inatethe quench. Chips will cause arcing
and damage the coil. They will also clog
the quench holes.

7. When installing the plumbing for a

power supply, use only nonferrous mate-

rial ..Do not use aluminum, iron or steeL

One single piece of iron in the cooling
system will cause rust in. the water recir-
culating system. Use copper, brass, 300-

series stainless or Schedule 80 PVC pipe.
8..Clean the water cooling system at

least once a year or as instructed in your
OEM manual. Check the conductivity of
the water system used to cool the power
supply!llery three months. If you ignore
rules seven and eight, your induction
system will not last ten years and will
give you problems constantly.

9. Never disconnect or jumper the
ground detector circuit. Never operate

the power supply or heat station with the
doors open; replace door gaskets as

needed. Keep the dirt out!
10. If you see sparks, overheating or

smellanything funny, shut off the equip-
ment immediately and find the problem
before further damage is done.

The Setup
Change the coil via quick discon-

nects. Quench hoses should use
"Hansen" quick couplings as shown in
Fig .. 1. Use one size coupling for quench-
ing and. another for coil cooling water ..
This eliminates the possibility of getting
the hoses confused. Avoid using "0"
rings. They are high-maintenance.

Tooling cups and centers for part sup-
port should not require any tools, yet they
should be rugged enough to support the
part without wobbling. The machine oper-

ator should use a setup sheet with all data

Fig. 1- Machined integral quench. coil with
quick disconnect for power, wate.,. and' quench.
pertinent to the job. Don't rely solely on
his or her memory to adjust the machine to
get a good pattern. The setup sheet or con-
trol memory should yield a good part.

Only qualified personnel should be
allowed acce s to change the program.

A minimum of 5-1 OkW per square inch

of coil face is required to get good results.
The Coil

The distance between the coil tum or
winding and the part (coupling) should
be kept to a minimum to reduce power
consumption and time cycles.

If the part wobbles during rotation
and touches the coil, do not make the coil

coupling larger. Fix the rotation bearings I
If the copper coil is discolored, espe-

cially down the center leg, it is from over-
heating, More water cooling or less k:W
per square inch is required. By adding a
booster pump in the coil water circuit,

more heat can be removed from the coil.
Remember, heat in the coil or tooling is
your enemy. You want the heat in the part.

Every six months, flush the inside
water cooling path of the coil with a
"Lime-Away" type solution. This pre-
vents buildup of salts that precipitate out
of the water at 135"F. These salts look
like a white powder adhering to the
inside of the coil tube. This powder :insu-
latesthe copper from the water, and the

coil fails prematurely.
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SETTING STANDARDS
OF VALUE

WITH ICU5T!OMIERS m FOR CWS,TCIMER.S

TECHNO:LOGY

Surfacce has excelled! for more than
80 yeafs iin ,app'lying its broald
thermal ,Pl'(xessing:technical abilities
to new and unusual customer process-
ing, upplicaficns. These cpplicetiens
reach the full spectrum ·of vacuum,
atmosphere, and non-atmosphere
process demands. Sur'facetechnology
is deve'loped with customers fo.r use
in everyday processing requirements.

The strength of Surface comes from
the customer r,el'ationships built and
mcirrtcined throughout our long
history. Customer satisfaction and
growth continues to be the key to our
success. SurFace combines tradition,
integrity, olnd technology to help
our customers cchieve -Iong-t,erm
success, Surface· is truly in business
with customers, for customers.

Surfaoe dedicates a wide range of
resources in support of our cu~tom-
ers. When you commit to Surface
products, youge:in the support ·of
a large f,i·el1dservice force, an
equipment retrofit &. up-g'rade
department, a strong technical
services group,. a full R&D depart-
ment, and one of the lar,sest 'parts
inventories in the industry;

SURFACECOMBUSTION, INC £. 1700 INDIAN WOOD C1Rm £. MAUMEE, OH 43537 .... PH. (800) 537-8980, (419) 891-7150 ... FAX (419) 891-715,1



This happens often 011 rugb kW densi-
ty applications, especially on pancake-
type coils, when heating the inside of a
hole (1.0.), and on toolh-by-tooth coils.
On m.D. heat treating application, the
:failure of the coil OCC\lJ'S on the inside
(down the center) leg. This is where the
water temperature is the greatest, Make
sure thai. on 1.1). coils, the coolant water
enters down the center leg first.

Machined coils shown in Fig. 1 are the
most expensive type, yetlhey last the
longest. Tubing type islhe least expen-
sive, but it can be bent with the bare hand.
Precision work: should always use
machined coils, or setup' time will increase
amll slight variations in the pattern :from
one setup to the next will develop.

Never change the wan thickness of a
coil. The original GEM designed the coil
wall thickness for a mwnlUm kW densi-
ty,. current density, heat dissipation and
frequency. The result of too 'thin or too
thick ofa wan is coil meltdown.

Quench is Everything!
Check polymer percentage every morn-

ing with a refractometer after the q-uench
has been on and recirculating for a few
minutes, but before any beat treating takes
place. Recirculating will stir up the quench
and give an accurate reading ..It will also
remove any airlrapped in the quench lines.
Use a timed quench. temperature heater set
up like a house thermostat. This turns on
the heater for an hour or so before produc-
tion starts, ensuring that.every part sees the
same quench temperature.

Quench temperature should be auto-
matically controlled with a heat ex-
changer and olenoid valve, More than a
10°F window of operation Call. :resultin
more distortion or abetter chance of
cracking the workpiece.

The volume or flow rate of quench
can never be too great in most cases. The
more quench, the faster the part can be
processed. Spray shields, doors and
enclosures shouldl prevent the operator
and floor from gettin:g wet. Never place
rag-type shields in the quench. A~ the
polymer attacks them, they dissolve into
the quench. and plug the small holes in
the quench barrel.

Quench barrels and integral quench
coils should have at least four quench
water inputs for even distribution. If in

doubt, with the power supply turned off,
the workpiece removed and the quench
on manual, stick your hand into the
quench and "feel" if one side has more
force than the ether. Uneven quench will
result in more distortion. Use a standard
ball valve to adjust for even flow around
the quench.

The quench impingement point. the
angle at which the quench strikes the
part, is important. It needs to be a perfecr
cooling circle. If 8. single hole in the
quench head is not at the correct angle, it

can cause the barber po1eeffect as shown
in Fig. 2. Sometimes foreign matter can.
become Jodged In the hole and cause the
same barber [pole effect. The smaller the
diameter of the workpiece, the more
importaat the impingement point is'!

If the quench bas a. bad. smell, it is
growing fungi. Agitatioll or operation
will induce ox.ygeninl.o the quench. but
this i only a.qu.ick fix to cover the . mell,
Disposal and cleaning should be done
every six months to a year. Chec-k: with
your quench sales repre entative.

High EHiciency
Oil Mist 'Collec,to'r

C'lealns on mist andl f'umes,
f'ro:m you;r facili,ty

OIL M!IST COLLECTOR Gardner EnVironmental
Products has designed a
highetficlency 011mist.
collector that will capture
oi.1mist at the source ..
The (~A 800 lis light
weight and easiily adapts
to most 'equipment.
The I(;.lA BOO lis ideal for
use in machine centers,
wet and dry g:rindingl
applications ..- -

• High Vel!ocity lIintake

-3 Year Limited Warranty

• Low Maint,enance

-aoo CIFM

- Static Pressure 'Gauge,

GARJ>NER ENVIRONMENTA,L PRODUCTS

1201 W.LAKE STREET • HORICON,. WI
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D.isto.rtion
On scan heating applications, if you

cannot heat a part and keep it straight,
you surely cannot heat and quench it and

expect it to be straight If you are having

distortion problems, run the normal cycle

without quench applied. Let the part air
cool and check the distortion, If it is not

straight, you will never keep it straight

with quench on. This distortion is usual-
ly caused by prestresses in the part. If the

quench head is made of PVC material,

you must remove it for this test because

the radiant heat will melt it without

quench runningthrough it.
Special attention should be given to

parts that require hardening over keyways

or holes. To avoid overheating, melting or
cracking, keep the kW density down by

adjusting the power level and the scan
speed. Look closely as the part is beating.
Only experience teaches what 1550°F looks
like. Once you have "the eye," you can see
the difference between 1550° and 1900°F.

For those just learning, temperature
sensitive sticks or paints work well as

[WOOD [K{~.~~oo
pr'e,cisio,nth:r'ough dialmond

for Gear IDre'ssing Aipplications

Call or fax us your gear dresser requirements.
You will quickly discover what leadinq U,S, gear producers have lea.rned.

Dr; Kaiser 'gear dressers are the' !bestvalue available.

Imported Iby

S.L.,Munson
& Company

15,17 IGregg St. Columbia, SC 29201
1'·800-775-1390"-803·252.3211
Fax 1·8(13.:929-0507
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indicators ..Paint small stripes of different
temperature values (1500°, ]550° and

1600"F, for example) in the area to be

heated. Leave the quench off and pay
close attention. to the part as it heats. You
will see the paint melt and change colors.

If'the paint does 110t change color, the

temperature was never achieved,
Never attempt to induction-harden

frozen workpieces. Your part. recipe is

based on material at 70"F heating to

1550°F. If frozen material is processed.
the same kW will yield 14700f. resulting

in low hardness.
Part Rotation

If the workpiece is rotating slowly
enough to count the rpms visually, then
rotation is too slow. Scanners with. slow

rotation can yield .8 barber pole effect.

The barber pole's soft rings can some-
times be seen by the naked eye as shown
in Fig. 2 .. Speeding up the rotation will
narrow the rings to less than. 125", which
should result ina good part.

Rotation has less effect all. single shot
heat treating. However, short heat cycles

call result in uneven heating ..If in doubt,
speed up the rpms.

Make sure the part rotates evenly and
smoothly. There should be little, if any,

noticeable wobble in a machine part as it
is rotated. The exceptions to this rule are

castings and some raw forgings. They
will have <Ii wobble equal to the casting
tolerance. Make sure that there is a

machine surface of reference for location
of the part. Raw castings usually do not

have the dimensional tolerances needed
for induction, Without at least a rough
location (within .005"),8 good consistent

hardness pattern is hardly achievable.

Induction Thmper
Induction tempering on a scanner is

usually only done withhigh-volu.me parts
because of the time it takes to develop a

part recipe, as well as the tying up of

machine time. Small lots of parts with sill-
iIar steel grades can be set in a basket and
placed in the same oven at the same tem-
perature and at a lower cost than induction.

In the cell approach to manufacturing,
induction temper is..a valuable tool, pro-
vided. that the material can be cooled
completely at the end of t.hetemper

cycle. Some alloy materials can not be
quenched during the temper cycle. They



must 'be allowed to cool slowly before
any other ope:ration can be perfonned.

Between the induction hardening
cycle and the tart of the temper cycle,
make sure that me quench delay is long
enough to cool down '!he pan to at least
150DF. Rescan the pan lor temper using
no more than one-third of the power that
was used for bardening, usually at one-
third to one-half of the scan peed. The
temper cycle tart position should go
beyond the original. start POilU of tile hard-
ening cycle. Do not attempt to develop a
temper cycle until a good hardness pattern
and hardnes are achieved.

The merit of "slack quenching," or
leaving residual heat from the hardening
cycle in the workpiece, have long been
reported, but it is next to impossible on
a vertical scanner. Manufacturers use
slack quenching on SAE 1045 steel for
cylinder rods. These are processed on
horizontal scanners. The smaller the
diameter, dle les merit slack quenching
ha . In order to even have a. chance of
controlling this proce ,a top-of-the-line

Fig. 2 -IJ'arbtll' pDle typt rings.

A

l"ig. 3 - ,g) SPfUbfrom SAl: 1015 steel ShDW-

ing simpif! ',/orldng effect.",b) Sparks from
SAE 1045 stedhowing "'secon4ory burst."

PLC-type controller and a kW second
monitor are needed. Tight control of
quench temperature, polymer percentage,
pressure and, flow is an absolute must.

Nondestructive Testing
Sandblasting or shot peening will both

yield identifiable hardness patterns: sand
within seconds, and shot within minutes.

Never cut the sample unless the
length of the pattern is correct. Reuse the
same setup pieces or savethem for next
time. Full anneal before reuse. This may
not work on long parts due to distortion
from repeated processing.

Know how to use your Rockwell
hardness tester. Get it calibrated as
required, Do not let inexperienced per-
sonnel operate the tester. Use the correct
load in relationship to depth of hardness.
Do not be fooled by decarbunzation at
the surface that results in soft. erratic
readings. On rough-ground workpieces,
check the hardness at the final grind
depth, not at dlesurface.

After heat treatment, look for uspi-
cious rings that are more than. 0125"
wide. Check across and between the
rings for soft barber pole. Look for
uneven colors. such as silver (hard) and
blue (soft) in the hardness area.

The File Check. One quick way to.
gel a feel for part hardness is to use a
file. Most files are 65 RC 'Iemper aile
file at J ) OODF, one at ] OOO°F. etc. After
slow cooling, check: with a Rockwell
hardness tester and inscribe the handles
withthecorrespondi:ng hardness, This
will result in a set of files of known hard-
ness. A file that is 45 RC will skate
across a surface that is 55 RC. yet it will
dig into a part that is 40 RC. Files must
be replaced. depending on usage and as

when the steels are held against a high
speedgrindlag wheel.h is nol a substitute
for chemical analysi: and is not intended
for the identification of "unknown" sam-
ples.The character of spark streams is
examined from a number of specimens
supposedly of the same hardnes . The
spark burst-that i ,the "carbon. park," i
the most useful characteristic of !he spark
picture. inee the variations in the num-
ber and intensity oftlle bursts indicate
the changes in the carbon content. (See
Fig. 3 for examples.)

As a commercia] heat treater, ]
learned early 'that just because someone
said the material was 1045 did not make
it so, Many times a part is . et up, on the
induction machine and processed witha
normally good] recipe. The part. would
show low hardness when checked on a
Rockwell hardness tester. Even though
the materialshould have gotten hard due
to its carbon level, 8. repeated proce s
with a little more heat would not yield'
the hardness required. Thi i the time to
use the spark. te t.

Conclusion
Induction heal treating isa complex:

process that involves many intangibles .
.lust because the macmne is producing
parts does not make them right. The Ileal
treater of today must use every advantage
possible in hi bag of tricks.O

Reference~:
L Hildorf, W. G. and C. H. McCollam.
"The Spark Testing of Steel," ASM
International Metals Handbook,. 1.'948.

Acknowlledlgement: Viis article is takell
from Heat Treating, Proceedings of the
16th conference (1.996), ASM IniemationaL

teeth wear off ..These are to be used. as a. Ma1erial.s.1'ark, OH ..p.141-144. Reprinted
quickcheck only, and it does take some with permission.

written over the years identifying vari-
ous materials using the spark test, Jt is
a great. investigative tool when heat
treating metals.

The spark ~est isa method for the clas-
sification of steels according to their
chemical composition by visualexamina-
tion of the sparks that are thrown off

Fr,edSpecht. is with the Midwest Sales Office
of Ajax Magnetnermic of Warre'l\ ON. manufac-
turers of induction, hearing rquipmen: 07!ll sup-
plies. He presented a: version of this malerial at
the .I996ASM Hea: T«aling Corif:erenc~.

practice to get "tile feel," They areespe-
cialty useful in checking hardness in cor-
ners and between gear teeth.

I The .spark Xest. Much has been
I
I
I
I
i
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Here we are far from comparing tile HSS hob to the carbide hob.

Dry Hobbing: Another Point of View
If· . I.,~....~ .. ; ·p·o·nt·•.·0· _. wo'uld like to' share with us please' send it toyouuaveavlevv: I y u_ _ , _

Gear Technology, 1401lumAve; Elk Grove Village, It ,60007, fax us et 847-437~66.18'
or f)-mail people@geartechnolloigY-'com.

I would Iike to comment on David Arnesen's article, "Dry
Robbing Saves Automaker Money, Improves Gear Quality," in
the Nov/Dec, 1996 issue.

An article like this could irritate engineers because of its
commercial emphasis. It states that Ford's goals were "to
improve gear quality, surface finish and pitch diameter nmout
and meet increased production demands." Though these are
very legilimate expectations, only two can be attributed to the
dry carbide hobbing operation: potential improvement of sur-
face finisband higher surface speed of the hob. The other two
goals, improving gear quality and pitch diameter runout, have
nothing to do with dry carbide hobbing, since they can easily
be achieved by improving the machine accuracy, the hob
accuracy and the workholding fixture, which is exactly what
Liebherr did in the dry carbide application.

The helicoid surface of a parallel axis gear tooth generated
bya bobbing operation has two errors: the involute error
and the lead error .. The involute error is a function of the
number of gashes of the hob. By going from 15 to 12 gash-
es, this error was increased, and since I am assuming these
gears are finish-cut, the involute error overall worsened.
The lead error is generated mainly by the hobbing machine,
while the surface finish (of finish-cut gears) is mainly attrib-
uted to the scallops' depth. The scallops are a function of
the hob diameter and the feed rate per revolution of the
workpiece. The major contribution to improving the surface
fin:ish of the helicoid in the bobbing operation is the reduc-
tion of the feed rate that can be achieved at the expense of
increasing the machine cycle time. Using carbide hobs that
can run at about 3 times the surface speed of the actual. RSS
hob, it is easier to compromise both parameters.

Therefore, ~ conclude that a carbide bobbing operation has
the potential to improve the surface finish of the gears just
hobbed with additional finish. operations just while the cycle
time is still lower than that achieved bya HSS hob. The capi-
tal investment to produce a certain amount of gears per year
could therefore be lower using carbide instead. of HSS hobs.

The article also states that "tool life improved to 252,.000 pin-
ions per hob (14 regrinds) using dry carbide from 39,000 pin-
ions per HSS hob (12 regrinds) on existing wet grinding
machines. Machining cost fell by 44%."

14 GEAA TECHNOLOGY

I can manufacture a hob with 8-9" length and one with 4-5"
length and claim that one cuts more parts than the other.
The author should have compared the number of pieces
produced by the carbide hob by giving the number of pieces
cut per hob unit length of the total shiftable lengthand the
measured wear. Tile same figures should have been given
for the HSS hob .. ,

Next, considering the resharpening cost and the cost of
recoating after each resharpeaing, the author should have
given the cost per piece produced by each hob. Finally, the
author should have mentioned whether the existing hobs at
Ford Indianapolis plant were optimized. It would also have
been interesting to know what results would have been
obtained if the hobs were optimized and used on new genera-
tion machines.

n appears to me that Ford's continuing efforts to improve to
dry carbide bobbing was forced by initial. poor life of the car-
bide application and better results have now beenaccom-
plished, Could it have been done with the existing HSS hobs?
The author does not say,

~.refuse to accept articles such as this one strictly devised to
promote brand name dry carbide hobbing sales,

To conclude, I urge the author [and the editors] to distinguish
among strictly commercial articles and technical ones.

Dr. Sante Bas.ili
Global Carbide Tools lInc.
AmArbor,MI

We welcome letters from our readers. Please semi yours to/he address
shown above. All letters become the property of GeM Technology,
Names will be withheld by request, but no anonymous letters will be
published. Letters may be edited for space. Opinions expressed by con-
tributors are not necessarity thou of the editor or publishl'.ng staff.

Ten U. What You lhfIIk ...
If you found this articl. of Interest and/or useful, plea .. cir-
cle 203.



He'at TreafingS'olutions
,Let IUS Provide One ,For Vou.,••,

Pick. and P,I'ace. Here'san opportu-
nity to lower dtrect tabor costs and
have the 'built in versatility to handle'
a variety of parts without expensive
r,etooling. Using simple pick and place
movements, cylindrical parts can be
induction hardened with consistently
high quality. Here, reaction shafts are
hardenedallhe rate of 300 parts per
hour. Simple yet ,effective.

ScanPakJ A versatile venical
scanner that allows the user to
harden s'haft-like partsfrom 'cam-
sMits to hydraulic pistons. ScanPak
is available in nine different config-
urations, in power raUngs up 10
800 KW, in f1r,equencies to 501KHz.
Whether you need single spindl's,
dual spindle, or twin drive, there lis
a ScanP,ak exactly suited for you.
ScanPak comes 'equipped with
microprocessor-based machine
control, integral 'heat station, and
with spindle sizes up to 60·.

Ultra,-C.ase' :gea:rhardening-your
answer to carbuf,izing. Ultra-Case is
a high, speed methodllor contour gear
hardeningl• II provides the user with
the ability 10 surface harden gears. at
production Une speeds whi.le' 911the
same t,ime, It solves dimensional
distortion probrems.

lLel Ajax help maka your nett heat treat project a success. Write to: Ajax. MBgnatl1ermic
Corp., 1745 OVerland Avenue, Warren, Ohio 44482. Gall ton·free, 1·800-547-1527,
,Fax (33O}372-8644 or in Ganac!a calli (905)1'683-4980.

The Way' Th.. Wol'ld Inducts It. Business .

WARREN, OHIO USA I TORONTO. CANADA I UNITED KINGDOM I CA.:FI....C ....S, VENEZUELA I SAO PAULO, BRAZIL
SEOUL. KOREA I MEUBOURNE. AUSTRALIA I BILBAO. SPAINII TOKYO. JAPAN I FRASER. MICHIGAN
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HANNOVER FAIR:
April 14-19. 50th Anniversary Hannover Fair. Hannover,

Germany .. Featured technologies this year win be Power
Transmission and Control, Electric Automation Technology,
Tools, Factory Equipment and Compressed Air, Lighting
Technology, Subcontracting & Industrial Materials, Research
& Technology and Plant Engineering,

For more infonnation, call Hannover Fairs USA at 609-987-
1202, fax 609-987-0092 or the Fair's Web siLe,www.messe,de.

April 22-.15. 7th International Inducrioa Heat:ing
Seminar, sponsored by The Inductoheat Group, at the
Adams' Mark Hotel, St. Louis MO. Experts from around the
world will discuss such topics as basic induction heating,
tempering/annealing, power supplies, gear hardening, process
monitoring, cellular manufacturing and more. A discount is
available if you register before March 23. Contact Laurie
Moorhouse at 800-624-6297, by fax at gl~585-0429 or by e-mail at
moorhous@itlductoheat.com. Information about this eminar is
also availableat www.inductoheat.com.

SME GEAIR CUNICS:
May 12, Preliminary Gear Design Development Cour e:

Where Do You Begin? Taught by Ray Drago; May 13-14
Advanced Gear Processing and Manufacturing Conference.
Indianapolis, IN. These popular seminars on a variety of gear
manufacturing and design subjects fin up early. so register
now. Phone 8ME at 313-271- ]500 or fax 3 i3-240-8254 .

__________ .TECHN.I~CA~lCALENDAR _

There's only one place to go if you're buying gearing equipment, IProd-
uets, supplies, or services-G,EAR EXPO9'1-tthe on'ly .Intemationa'i
trade show devoted exclusively t.o,the gear industry.

At GEAR EXPO, 97 you 'can:

EI' Experience the cutting ,edge in gearing technology.
G Meet exhibitors from all segments oUhegear industry.
G See state-of-the-art equipment demonstrations.

GEAR EXP'O'97-aU of your gealring needs UNDER ONE ROOFI

Marcb ,6-8. A'GMA Annual Meeting. Loew Ventana
Canyon Resort, Tucson, A2-. This year's theme is "Sjrategic
Positioning for Solutions, Success, Growth and the Future."
Featured speakers include Charles B Dygert, Ph.D .. president
of Motivational Enterprises International, Inc .• Dr. Michael
Bradley of George Washington University and. Dick Kleine,
Vice President for Quality al. Deere & Company. For registra-
tion information, contact .AGMA Headquarters at 703-684-
OQII or fax 703-684-0242.

AGMA GEAR SCHOOL &: HOB SHARUNINGi ,CUNICS
Tbe AGMA Training School for Gear Manufacturing

is held al Duley College, Chicago, lL. Thi one-week course
is designed for employees with a least six months' experi-
ence in setup Of machine operation, and it cover setup, gear
inspection, gear calculations and basic gearing principles ..
The curriculum includes both classroom and hands-on train-
ing in bobbing, shaping and inspection. Sessions for 1997 are
scheduled for April 7-11, June 16-20" Sept •.22-2"6 and
Nov..]7-21.

The Hob Sblllrpening Workshop is also held at Daley
ColJege. It is a two-day course with both cla sroom and hands-
on training in hob sharpening basics, grinding and wheel dress-
ing, etup, inspection and sharpening helical flute hees, Classes
for 1.997 are scheduled for April 24-25. June 2,6-27 and Aug.
7-8,. For more information. contact Su an Fentress at AcGMA.
Phone 703-684-0211 or fax 703-684-0242.

...Not Permanently, Of Course!
Just For 4 Days To Attend

GEAR EXP'O 97
October 1'9-22, 1997

Cobo Center
Detroit, Michigan

..A D',ECAD'E o'F PERFORMAN:CE
CkroaeI191,,22, 1997-DEmar" ~I
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__ --llliNDIUSTRY INIEWS•••• _

WORLD'S !FIRSTDOUBLE-DIE AUSFORM FINISHING
MACHINE INSTAllED AT PIENN SfAliE

The world' [lISt production-capable, double-die ausformfin-
ishing maebinehas been installed at the Nations] Center for
Advanced Drivetrain Technologie at.Penn State University. The
installation process and the systems integration is complete. and
prototype producliolland. pecimen evaluation will begin shortly.

Theend-of-project demonstration of the iastallation is
cheduled for early this spring.

Ausfonn finishing iss low-temperature, thermomechani-
cal proce s that was developed at Penn State to precision fin-
ish spur and helieal gears .. It integrates gear heat treatment
and hard finishing processes into a single. in-line automated
manufactur:ing operation which, according to the NCADT,
will improve performance and reliability and reduce manu-
facturing costs.

The machine is capable of processing spur and helic~J gears
from 1.5" to 8.0." in diameter (face widths of up to 2") and tooth
sizes from 6 to 26 DP. It can handle carburized steels, through-
hardening steels andtpowder metal gears.

Companies involved in the construction of the machine
include National Droach & Machlne, Contoue Hardening lnc .•
and MTS me.

A_MERICA_NIWERA T'D RfP,RESENIT
HOBBING M_ACHINE MA_NUFACTURER

American Wera Inc., the North American source for the
Profilator®., and other synchronized dry cutting machinery. wilt
also represem Hurth Mod'ul GmbH, a German manufacturer of
gear hobbing machines. Hurth Modul. is not to be confused
with Hurth Mascbinen und Werkzeug GmbH, which was
recently acquired by Gleason Corp.

Hurth Modul makes gear hobbing and bevel gear cutting
machines with CNC controls, compact design. and automatic
work-changing systems for hob arbors and workpiece fixtures.

IWNGflNBERG PURCHASES HOf,lIER:
As of January I, Sigma Pool of Saline, MI, win integrate

the Hofler gear measuring machines into its North American
sales and service program. The Hofler inspection machine
division in Ettlingen, Germany, was purchased in May, ]996,
from Cad Zeiss by Klingelnberg Sohne. Klingelnberg,
Liebherr, Lorenz and Oerlikon make up the Sigma Pool
Hofler wm market its range of 3-D CNC gear inspectioncen-
ters through the group's Sigma Pool location at Liebherr-
America in Sali,ne.

IPElIERIKOVAR, U.S ..TECHlIPA-'-RTNER .•
,GEAR JFC-HNOlOGVAlJtHDR,IDIES,

E. Peter Kovar of U. S. Tech Corporation, Wheaton, IL,
passed .away on December 9 after a long bout with cancer.
Prior to joining U. S. Tech. Peter worked for some years for
American Pfauter. He also wrote a number of articles on com-
puter software and machine controls for Gear Technology.

,e 0H1Httl:c:l4l Steel' 'q:.I:e4.tblf

e orz1'ot4tloH

J.l.ea.t q:tt4t SUl1lc,t;s
7:::JesLflted fiO'l tAl! Cjea'l j'l1du9t'l'f

THE EXPERTS IN SALT IBATIH
NITBIIDIING TECHNOLOGIES- 5j;vsrn

Salt Bath Niitrl,Cfing - MELONITE®
Ilmproved Wear Resistance
Scuff lR.esistance
Extends FaUgue Life
Corrosion IResis,tance
File Hard Case
Repla,ce hard chrome plat'ing

Gas INlitr,idi'ng - for ,extreme,wear conditions.

Gas Carburlzinq
NormaUz,ing
Hot Oil 'Quenching
Continuous and IBatch

Processing

With 70 years, of experience iinall conven-
tional forms of heat treatment - we are
you1r one, source throughout the
Midwest.

e IAl.,rRo,:nslt.dd - Sales Manager
1(248)588·3300 IFax.(248)588-3534

e- .o"l S···t"2.l ,rI'''I!''tlOH1H1e'lGt..... '. ,,_. '". .... tlfi
31440 Stepheltso,,<cf.l~",ay
j1iAdlSOJl J.leL$Ats. ;1tlcIdJjil"<

48071

E-Malll:CralgH@coml·s.teel.com.psl.net
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Power Integrated
POP_U!p:TMi -
liiftlRotate Induction
Heat-Treating, System

Radyne's Power Integrated POp.UpTM
heat-treat center is a self-contained
system for hardening and tempering
components in a lift/rotate, sub-
merged quench method to meet the
specific needs of the heat treater. A
user-friendly machine interface panel
and RLe control enable quiok and
easy setup and operation. An
integrated, modem, efficient.
transistorized inverter power supply
can match a wide variety of heating
coils with easy-to-change tuning
capacitors and a multitap output
isolation transfonner.

The liiftactuator assembly includes
a ball bearing linear way mounted
under a stainless steel sink through
double lip wave seals. A chrome-
pl'ated stainless steel spindle is
mounted on a tapered roller bearing,
enclosed in a steel housing. The lift
mechanism allows load/unload,
heat and quench positions.

The Perfect In.tegration
The combination of Radyne's Power
Integrated Pop-uplM and APEX QA™
Quality Assurance system
represents the latest in induction
heat-treating technology.

RADY,NE
Innovators in lnduction Heatill,g
7-BOO-236-8360

211 W. Boden Street
Milwaukee, WI 53207, U.S.A.
(414) 481-8360.' Fax: (414)481·8303
e-mail: radyne@execpc.com
http://www.radyne.com
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An American Success Story
Joe Gadien came to' America in 1928' to play soccer.
He elso learned to cut ge,ars and build a business.

hen m came here [to
America] ] came in on a
Friday, and I had to go

work all Monday, so I
found a jobat Perfection Gear . . . and
that's how I got started in gears."

TIllis begins the story of Joseph M.
Garfien, founder of United States Gear

Corporation of Chicago. It is a story of
rea] personal success, but it is at oan

almost mythic tale of an immigrant
Horatio Alger malcing good and. a piece

of gear history unlikely to be repeated.
Both the America and the gear industry

that Joe Garfien entered in 1928 are long
gone. Nobody could make it the way Joe
did in this business anymore. But it's a
good story, one worth telling.

In 1928, Joe was just 16 andplaying

soccer for the Austrian national team.
After several matches in !England, Joe

refused to go back. borne. Instead his
uncle in the U.S. agreed. to sponsor both
Joe and his mother to comehere,

When he arrived in Chicago with his
mother, he had no job, 110 money and [\0

Bngiish, but he did have two skills that
would get him established. here-s-

altbough he only knew about one of

them. He knew he could play soccer.
What he didn't know uotil he went to

work at Perfection Gear was that he bad
an intuitive grasp of gear geometry and
manufacturing that would not only 'be the
foundation of a successful business, but
also would make him something of a leg-
end in the industry.

1928 was perhaps not the best year to
start a new job in America, but Joe perse-
vered. Perfection managed to keep its
doors open during tile Depression, and. Joe
stayed 011. "19'29-1931. that was a very
bad time," he says. "You couldn't buy a
job. [ worked for 35 cents an hour, The first
job [ had was [pUi a pillion on a machine

and pushed a button. That's alJ I did."

INancv Banels

Joe Garfien al HlOTk..

He supplemented his income with his
other marketable skill: He played soccer
(using borrowed shoes in the beginning
because he couldn't afford his own) for a

team called The Maccabees. "m played on
Sundays," he recalls. "I got $25.00 a
week for playing soccer, and I got $15.00
a week from Perfection .. That made
$40.00 a week."

This tidy arrangement came to an end
in :1936. Then his wife of three years

made him give up soccer. "She was
afraid I'd get hurt, and I couldn't afford
that," Joe explains.

But by then he had begun to develop
the skills tbat would serve him through-
out his career: Without any formal edu-
cation in the U.S .. besides three years of

night school, he was turning into a
hands-on gear engineer.

Joe de cribes his approach to gear
design this way: "I used a .Iogarithm
book to get some of the figures, and then

[ would think. if I move the ratio gears.
then I can top off an undercut, and so on.
and that's how I learned to do some of
(he gear changes .."

This deceptively simple. seat-of-the-
pants approach got Joe the attention of
some serious players in the gear indu try.
He stil1 tells with fondness tile story of

his encounter with the engineering staff
at The Gleason Works many years ago.

In 1934, the method for cutting auto-

mobile axle gears underwent a change to
hypoid to accommodate 'the 1 3/4" drop
in tbe drive shaft that allowed cars to ride

much closer to the ground. joe was sent

to Rochester by Perfection to learn the
new techniques.

"I brought 50 gears with me 0 they
could show me how to cut them," Joe

recalls. ''We worked 01'1 them for two
weeks, and we couldn't cut them the way
we needed to. So I said. 'Let me do it my
way.' They asked. 'What are you going to

do?' and I said, 'I'm going La move the
vertical this much, and! I'm going to

move the cone that much and the face
angle this much, and let's see what 1
come up with ..'"

When asked where he came up with
his figures, he explained: "The only thing

I know is when I move Ibis, [figure the
cutter is the gear, and the pinion is like a
set, and I move it accordillgly-W for 3.
and 5 for 7 and so Oil-and that's how I

got the figures."

Joe shrugs at this point in the story
and says with a twinkle in his eye. "It
worked.I went home.and we still cut. the
gears that way."

By [941, this inlJUitiveapproach to
gear engineering brought Joe into consul-
tation with the U.S. Army and with
Colonel Rockwell of Rockwell lndus-
tries. Concerned with the poorperfor-
mance of 2 112- and 5-ton trucks used :in
the desert war, the army called fora

meeting with the major manufacturers in
Detroit. Since Perfection was supplying
gears for the trucks, Joe was made part of

the consulting team.

IoIIij;jCIH"Pj;jll I ~a7' 19



When asked for his view on what was
wrong, Joe, never a man to pull his
punches, said, "Everything. The pressure
angle's wrong, the ratio's wrong, every-
thing is wrong on the gear."

From Joe's point of view, the problem
was not the difficulty in changing the
design, but in overcoming the time lag
can ed by the war-time shortage of male-
rials. He explained that it would take
weeka.perhaps more, to' get the neces-
sary blanks and cutters. But there are
advantages, to working for the army in
wartime; Colonel Rockwell had what Joe
needed within the week.

"We got the cutters and the blanks,"
Joe explains. '<We tested them in Detroit,
and they worked even better than we
expected. So then everybody changed to
my design, and We made the gear that.
way altthrough !be war years."

A quarter century later, Joe was again
taking apart desert vehicle ,but this time
for a different army in a different war. In
the 1967 Six- Day War between Israel and
Egypt, the Israelis captured thousands, of

QI quality certification award and will be !
! ISO 9000-certified this year. II Joe is still very much a hands-on gear .

manufacturer; Although his son, Marik,
and son-in-law. Don Garfield, handle the
day-I~day administration of U.S. Gear,
Joe is sl:ill on-site every day. At a time in
his life when most men would have
retired to warmer climates years ago, he's,
still out on the shop floor before 7:00
a.rn., watching, supervising. offering
advice 'in anyone of the several lan-
guages spoken at the plant.

While his personal history has been
exciting enough, the changes he's seen in
the industry are of note as well

When we asked him what changes he
had seen over the nearly 70 years he's
been cutting gears, he zeroed in on three,

"'There's accuracy," he says. "'When [
first started at Perfection, nobody cared
whether a gear was noisy or not. All we .
cared about wa whether or not it could
tum. Now the industry bas cbanged in
terms of tolerances and quietness. People
used to take a part and hold it up' to the

FOR ALL JOE HAS SEEN IN SIX EVENTFUL DECADES.
HE STltL SEES SOME EXCITEMENT IN! THE FUTURE.

HIS FIRST PREDICTION: ELECTRIC CARS.

Russian-made tanks and trucks. It was a
vein of inteHigence gold that Joe wa
asked to mine. The Israeli government
asked him to supervise the reverse engi-
neering that would give il clues as to the
state of gear manufacturing (and, by
implication, the rest of heavy industry) in
Russia. Joe made copies of the gears, and
helped to set up the largest gear plant in
Israel, Ashot Ashkelon, He still carries in
his wallet a snapshot of him and Golda
Meir as a souvenir.

But between jobs for various armies,
Joe was building a busine s of his own.
He left Perfection Gear in 1952 to start
his own company, U.S. Gear Corpora-
tion. Although the company has had its
ups and downs over the years, it still oper-
ates out of a plant On the far south side of
Chicago, 'employing over 300 people.
many of whom joined Joe in 1952, as well
as some of their sons, brothers and
cousins. U.S. Gear is a major supplier of
gears to Ford, GM and other major
OEMs. The company has earned. the Ford!
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next one, and if they matched, that was it.
Now we woik in ten thousandth of an
inch. Today when you buy a car, you hear
a little noise, you say. 'Take it back, I
don't want it'"

Ami speed. "When m was at
Perfection, it took us a long time to cut
gears. Pillion would take three or four
hours. Now we get one tooth in 35, sec-
onds. On a nine-toothed gear, that's 35
times 9 Dr 5 :114minutes."

The globalization of the industry and
the resulting competitiveness is another
change Joe has seen over the years.
"Years ago, the U.S. was number one,"
he says. 'We made automobiles. England
made Rolls-Royce, Italy made a car:
Nobody else made them. Today every-
body's making cars.

"In 1952, the government sent me to

Japan to teach the Japanese how 'In shave
gears. owlhey make cars all over tlte world.
The whole world is making cars now,"

And if everyone is makjng eaIS, !
they're also cutting gears. "India's mak- II

ing gears," says Joe. "Korea, Brazil.
They're all making gears, and some of
them can pay a dollar a day in labor. It'
very, very competitive."

But Joe also sees the U.S. as having a.
key competitive advantage: quality. "The
reputation of U.S. products is still very
good. That' why we get more money for
our gears and stamp a flag and 'made in
the U.S.A..' on our products.

"Now the automobile industry comes,
to you and says, "I want. QS-9000.' They
don'tgive you the work unless you meet
their standards. If you've got QIi they'll
talk to you, but if you don't, they don't
want you."

All of this adds up 10 a major cost
pre sure on gear manufacturer , another
change Joe has seen in the industry.

"There are all these new machines out
there," he ob erves, "Gleason has thi
new Phoenix that does everything ... but
they're IImillion dollars a piece. A person
who starts up a gear plant and buys, four,
five machines, cutters, 'testers and tuff, ii,

runs to' milhons. How can anybody
afford that?'

"When m. started U.S. Gear, the
machines were cheap. I had three or four
and thai. was enough. It's not like that
anymore,"

Bar all Joe has seen in six eventtul
decades, he still see some excitment in the
future ..Hi first prediction: electric cars.

"I think there'll come a time when
we're all riding on batterie . 011,.you'll,
still need gears, but far fewer of them.
This is long-term, of course. Right now
they [electric cars] can't ride too long
without chargillgthebattery, but the
engineers will fwd a way around that.
They [the cars] won't need much ga 0-
line anymore. Maybe for trucks, but
that's alL

"In the bart tenn,the industry's not
shrinking. The reason is, how many auto-
mobiles in your family? Three? Four?
Years ago, you had one and thought you
were lucky to baveit. Noweve.rybody'
making automobiles,

"The long-term picture i· a different
story, but for now, everybody's building
cars,and they all Deed gears."

Manu1actwing technique wilIbe dif-
ferent too. "I thinj( some ,time in ,[be
future.jhe gear industry won't cut gears.



We'll. forge them. We're doing it now 011

some items.
"Why? Because it.'scheaper. What

cost in forging is the die. If you have the
volame, you can afford to do it Then the
cutting will be a thing of the past.

"And you can get better quality from
a forged gear. You press the metal; you
don't weaken it by cutting it, and you can
cui outall the post-processing like grind-
ing. The only problem still is that the die
co ts so much that when you're doing a
han run, it doesn't pay."

As we wrapped up our interview with
Joe, we asked rum the one question that
isperhaps inevitable when talking to a
man who can bring nearly seventy years
of perspective to an industry: What
advice do you have for young people
starting out in gearing?

His answer is both predictable and sur-
prising. "Get an education," he says. "But
when you get this. education, know wbat
you want Don't come to :me and say, 'I
got a college education.' So what? What
do you know? don't need anybody with
a college education. I need omebody who
specializes in omething, If a kid has a
high school or a college educauon.Ir'sthe
same thing. It doesn't. mean anything. ]
would advise young people to go for a
trade. Learn to be a metallurgist or an
engineer or omething."

When asked about what accomplish-
ment he was proodest of, roe urprised us
again. He talked about hi work with
Gleason, litis ideas that were turned inlo
workable designs. his job with and Forvar-
ious governments, Then he grew thoughtful
and related the haunting experience of
returning. to his home in Austria. knowing
that much of his family and many of his
friends and neighbors had disappeared into
the maelseom of the Holoceu t,

"Sometime. I wonder wby I got out
and they didn't," he says oftly.

Then he returns to the picture in his
wallet. Thi time, he how II those of
his nine grandchildren and tell usabout
their careers as doctors, sportscasters,
businesswomen.

He smiles and says, 'This is what I
can brag on. My grandchildren. This
here. Yeal:t, I. got money. A lot of people
got money, but very few people have
what [got." 0
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Increasing Hardness
Through Cryogenics

Dr. John Cesarone

Introduction
The Instrumented Factory for Gears (INFAC)

conducted a. metallurgical experiment that exam-
inedthe effects ofcarburizing process variables
and! types of cryogenic treatments in modifying
the microstructure of the material. The initial
experiment was designed so that, following the
carburizing cycles, the same test coupons could
be used in a future experiment.

Background
The aerospace industry, specifically in the

manufacturing of helicopters, has always used
cryogenic treatments to stabilize both the geome-
try and microstructure of the precision gears u ed
in the xransmi sions, The loading and noise
requirements for these gears cal] for dimensional
stability because of its effect on the center spac-
ing of tile gear set in operation. Research has
shown that material containing levels of approxi-
mately 20% retained austenite yields parts with a
higher fatigue life than that observed in parts con-
taining lesser amounts. An increase in gear life
endurance of 166% has been observed when the
retained austenite level was increased from 17%
to 40% (Ref. 1). However, accompanying the
increase in. fatigue life is a loss of geometric
shape and an increase in drivetrain noise during
gear sea "run-in." Though these phenomena are
usually not a significant problem in automotive
and agricultural applications, a reduction in the
amount of retained austenite in these materials
may also be neces ary as the need lor quieter,
higher performing transmissions in cars and
trucks increases. The mechanism that increases a
gear's performance is the mechanical shearing of
the austenite, resulting in a finer martensidc
structure than thermomechanicslly (deep frozen
to -HO" F) formed martensite (Ref. 2).

New helicopter designs and modifications to
existing weapons systems are always taxing a
material's useful. life. New alloys are being adopt-
ed or modified for use. Although some ofthese
"new" alloys have existed for as long as 25 years,
most have not been used in production transmis-
sions. SAE AMS 6265H (SAB 9310), Pyrowear
53 and Vasco X2 are the three most commonly
used alloys in today's helicopter transmissions.

This initial. investigation focuses exclusively on
Sf\E AMS 6265H.

Aerospace manufacturers currently specify
cryogenic treatment of -Uoof and generally uti-
Iizecarburizing cycles that result in microsnuc-
tures effectively treated at this temperature.
Cryogenic processing of materials has been per-
formed for a wide range of materials with varying
levels of success based on the material chemistry.
Specifications for carburized parts in current
aerospace gearing materials include cryogenic
treatments that improve dimensional stability,
minimize retained. austenite levels, increase sur-
face hardness and improve wear properties.
Efforts to shorten carburizing cycles continue
despite the negative consequences that often
accompany shorter carburizing cycles. Although
increases in. either the carbon potential or the car-
burizlag temperature can shorten a carburizing
cycle, both methods have drawbacks. For exam-
ple, an increase in temperature may lead to an
improper grain size or increased intergrannlar oxi-
dations (IGO), and an increase in carbon potential
may lead to high levels of retained austenite and a
greater tendency to form carbides.

Most previous research in cryogenics has been
done on too] and die materials. One reason that
research has not focused on gears. is that a tem-
perature of -60°F allows complete martensitic
transformation. The bulk of current research in
deep cryogenics is conducted on .alloy tool steels
that have higher carbon contents than gear steels,
which maybe another reason gears have not been
candidates for deep cryogenic research. However,
in the carburization of a gear, the carbon level in
the carburized region becomes either equal to or
higher than the carbon level in the tool steels.
Therefore, this series of experiments focuses on
improving the properties of the gear teeth without
affectingthe tough, low-carbon core.

In this presentation, deep cryogenics refers to
treatment at temperatures lower than - llOaF. Deep
cryogenics does not add a step to a manufacturing
process that already includes freezing parts at
- l 10°F. The present commercial availability of liq-
uid nitrogen and the sophistication of the process
control systems make -300,oF treatment readily



applicable. A relatively new proprietary process
developed by Nu-Bit, Inc., call tile Nu-Bit
Process (NBP), involves the immersion of room
temperature parts into liquid nitrogen (-320"F)
for the length of time required for the temperature
af the part to. equilibrate with the liquid nitrogen,
The part temperature equilibration is achieved
when the liquid nitrogen stops.boiling. A criticism
of liquid nitrogen processes is thai. they may
impart thermal shock to the parts and/or that
microeracking may result (Ref. 3).

Treatment at -I. 10°F is adeq-uate when decreas-
ing levels of retained austenite is the main goaJ,but
if treating ai-300°F or lower results in consistently
superior performance, specificatian for treatment at
-300QF may be appropriate. The cryogenic temper-
ature of -110°F corresponds to. the use of dry ice as
a method for low temperature treating, which is still
being used, as is treatment in mechanical freezers,
which can freeze as low as _]4Q0F.

Several recent research projects and various
successful manufacturing processes provide valu-
able information regarding deep cryogenics on
gear materials. One research project reports dra-
matic wear resistance with 10% improvement on
low carbon steels and cast iron as a result of deep'
cryogenics treatment, although problems arise
withthermal stresses when using liquid nitrogen.as
a quenching (cryogenic) medium (Ref. 4).
According to James Smith. vice president and co-
founder of 3X Kryogenics, the onJiy sure way to
use ultra-low temperatures is in carefully 00.11-

'trolled environments with tight control over the
entire cycle and in cycles that take time-days as,
oppo ed tah01.ITS.Tight control over long cycles
al a provides a built-in safety against thermal
shock (Ref. 5).

Cryogenic treannem has been more successful
on alloyed steels than on plain carbon steels (Ref.
6). It has been suggested that when martensite
constitutes more than 70% of the microstructure,
](}...]5% retained austenite can helpreduce crack-
ing (Ref. 7). Lower percentages of retained
austenite transform under work-hardening to a
very fine crystalline martensite that has a tenden-
cy to re ist surface cracking rather than contribute
to it. As a result, 1(}"'20%,and in some instances,
up to. 25% retained austenite in the case surface of
earburized gears is acceptable and may be benefi-
cial for most applications.

Debate among engineers continues about tile
best level of retained austenite in the case surface
or carburized and hardened parts. Some argue
that the retained austenite may transform to
untempered martensite, either by work-hardening
or by exposure to. extremely cold climates, and

cause tensile cracking of the surface. Others
object to. the presence of retained austenite i.n the
case of a carburized part that is to be subsequent-
ly ground. Under certain grinding conditions,
even small amounts of retained austenite can
cause severe grinding burns and cracking ..
Research published by the International Nickel
Company (lNCO) indicates that levels of less
than 50% retained austenite enhance contact
fatigue and! compressive stre see (Ref. 8). Other
research indicates that 15-30% retained austenite
is desirable in carburized direct quenched gears
as long as hardness is HRC 57 or more (Ref. 9).

The purpose of this experiment is to examine
the effects of the carburizing atmosphere and the
cryogenic treatment on the microstructure of the
material to. determine how to modify effectively
the material. Input variables for the experiment
include the carburizing atmosphere and the cryo-
genic treatment. Output variables include mea-
surements of retained austenite, surface hardness,
case depth and carbon and nitrogen gradients.
Because this experiment is the first pha e of
another experiment in which the same samples
wi1l be used. the carburizing cycles were
designed to be nondestructive to the test coupons,
The information contained in this report will also
provide data for the next experiment. The future
experiment will include more cryogenic data far
determining what cryogenic treatment is neces-
sary to yield a desired microstructure as well as
performance data for further differentiating
between the cryogenic treatment .

Experimental Procedure
Eleven different carburizing cycles, designed to

yield eleven different carbon gradients and eleven
different retained. austenite levels, were performed
on test coupons. Table I lists the carburizing cycle
conditions. The coupons were machined from
0.40" thick AMS 6265 (AJSI 9310) steel. The

[600 0.6 12 Yes

1600 0.8 12 Yes

1600 0.8 12 No
1600 1.0 8.5 No
1700 0.8 6 No
1700 1.0 4.5 No
1700 1.2 3.5 No
1800 0.8 3 No
1800 1.0 2.5 No
1800 1.2 2 No

1800 1..4 1.5 No
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coupons consisted of discs with teeth hobbed into
them, as shown in Fig. I, and stamped with an
identification on each test area, as designated in
Table 11 Sections of each test coupon were
removed for analysis at the appropriate step of the
process, leaving the remaining part of the coupon
to continue through the cycle.

The coupons were reheated and integrally
quenched in a gas-fired, vertical, radiant-tube, inte-
gral quench furnace (GVRT-IQ) before deep-
freeze treatment. The -110°F deep freeze consisted

Fig. 1 - Test coupon showing identification location,
position and labelling.

Designation Treatment Time

D Dry ice deep freeze (-Il O°F)

DT Dry ice deep freeze (-!100F) followed by 300°F temper

120

90

15

90

N Liquid nitrogen immersion

NT Liquid nitrogen immersion followed by 300"F temper

Q None (as-quenched)

QT 300"F temper 90

Note: Identification is as follows: Each coupon is identified for the cycle and treatment, e.g .• A-D.
A-DT, A-N, A-NT, A-Q, A-QT: B-D, B-DT, etc. for the remaining carburizing cycles.

of one hour exposure in a chamber lined with dry
ice; the -3 lOaF deep-freeze treatment consisted of
immersion for 15 minutes in liquid nitrogen. The
transfer time from quench to deep freeze was less
than two minutes. Samples were tempered at
300"P for one hour;

Measurements of retained austenite, Rockwell
"C" hardness (HRe) at the surface and.case depth
Knoop hardness (KEN) were conducted at each
step of the process. Six measurement points were
chosen to observe the material behavior at each
step in the process. The retained austenite mea-
surements were conducted on a Windows-based
lEe x-ray analyzer using a standard setup. The
Rockwelil hardness tests were conducted. according
to ASTM Specification Designation E 18-89a. The
case depth measurements were conducted in
accordance with ASTM Specification Designation
E 384-89. Carbon and nitrogen gradient bars of
material identical to the coupons were machined
into 4" long bars, approximately 1" in diameter.
The carbon and nitrogen gradients were conducted
by collecting the turnings that were generated from
the lathe without lubricant, but with deliberate care
to prevent burning. The turnings were collected
and bagged according to the depth turned, based on
micrometer measurements. These turnings were
broken into smaller pieces, and a l-gram sample
was analyzed in a Leco Carbon Detenninator;
nitrogen gradients were generated on a Leco
Nitrogen Determinator. The carbon and nitrogen
gradients were determined after the quench step,
since they are not affected by further processing as
long as no further high temperature processing

nitrogen gradient results

Carbon

Bar 26 Bar 28 Bar 15 Bar 16 Bar 17 Bar 30 Bar 19 Bar 20

0.005 0.519 0.703 0.687 0.816 0.715 0.832 0,884 0.926 0.797 0.853 0.250 0.370

0.010 0.487 0.653 0.674 0,756 0.624 0.742 0.774 0.845 0.685 0.741 0.260 0.280

0.015 0.429 0.566 0.609 0.670 0.547 0.644 0.658 0.697 0.509 0.572 0.617 0.210 0.250

0.020 0.418 0,555 0 ..556 0.572 0.488 0.564 0.578 0.601 0.461 0.508 0.522 0.180 0.200

0.D25 0.398 0.529 0.466 0.463 0.412 0.478 0.482 0.495 0.400 0.422 0.425 0.110 0.130

0.030 0.342 0.452 0.392 0.356 0.357 0.392 0.372 0.398 0.327 0.348 0.342 0.069 0.087

0.035 0.280 0.384 0.328 0.282 0.296 0.314 0.295 0.302 0.279 0.288 0.274 0.054 0.041

0.040 0.243 0.329 0.278 0.219 0.250 0.256 0.231 0.243 0.243 0.246 0.230 0.030 0.028

0.045 0.211 0.248 0.232 0.180 0.212 0.208 0.192 0.193 0.204 I 0.206 0.194 0.013 0.016

0.050 0.182 0.197 0.193 0.159 0.180 0.170 0.163 0.165 0.182 0.168 0.150 0.022 0.012

0.060 0.143 0.153 0.157 0.124 0.144 0.153 0.136 0.1.33 0.143 0.138 0.130 0.016 0.017

0.070 0.128 0.129 0.130 0.122 0.126 0.128 0.118 0.127 0.128 0.122 0.117 0.013 0.012

0.080 0.123 0.121 0.118 0.115 0.118 0.116 0.116 0.122 0.122 0.115 0.121 0.010 0.01l

0.090 0.116 0.120 0.109 0.118 0.113 0.112 0.124 0.120 0.106 0.114 0.018 0.010

0.100 0.119 0.126 0.115 0.117 0.114 0.112 0.115 0.117 0.112 0.113 0.012 0.013
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Data AnalyS"is
A desired ease depth of O'.03G-0'.040" was

achieved and verified by microhardness examina-
lion. Table [V lists the retained au tenite measure-
ment results for the various steps of processing.

The highest level of retained austenite were

observed, in the high carbon potential carburized
samples (G, J and K) and in the ammonia-addition

carburized samples (B). The ammonia additions
had no effect on the oxygen probe response, as ver-

ified by him lock test results included in Table

VI. It is po sible that the addition level was too low
10 dramatically affect the atmo phere. The two
ammoniated cycles had identical levels of added

ammonia: the cycle with the higher carbon level
(B) had the largest amount of retained austenite.

In general, higher carbon levels for carburie-
ing result in larger amounts of retained austenite.
This expected phenomenon was observed! for the
as-quenched condition; however, it did, not prove

tobe the genera] convention with atmospheres of
high carburizing potentials. The 1600°F runs (A,
B. C ami D) .hawed varying amounr of retained

austenite after deep freezing. attributable to the
ammonia addition. The I700°F runs (E. F and! G)
foUowed the convention of increased carburizmg

carbon levela resulticg in increased levels of
retained austenite. The L800°F runs (H, 1,1 and
K) did not follow the convention and contained
varying amounts of retained austenite not attrib-
utahle to ammonia addition, since none was

added during these cycles,
The differences in retained au tenite between

cryogenic ' and deep cryogenics are illu trated in
Pigs, 2-4. In general, N~BP treatment decreased
retained au tenite levels more than. the dry lee
treatment. When the pans were tempered, the dry

.ice treated parts transformed more retained
au tenite than the NBP treated partsrtaerefore,
the levels of total pereeat change in retained

austenite for ejther eryogenic treatment were

approximately equal.
Recent research by the Iron and Steel Institute

of Japan (Ism indicates that performance proper-
ties may be improved without evidence of further
retained austenite reduction. This is explained by
martensitic decomposition, formation of benefi-

cial 1j-carbides, reduction of detrimental. com-
monly formed s-carbldes and a finer martensitic

trucmre. The formation of n-carbides was
observed by electron microsc-opy only when the
parts were treated to deep cryogenics. Conven-
tional cryogenic treating to -11. OaF does not form
n-carbides (Ref. 10).

Previou re earch (Ref. U) indicates that
increa ed carbon levelsassist Ilitroge.n diffusion

DA B C
Carburization Cycle

.DT .DTOIaI • NT • NT Total
Fig. 1: - Cban,ge in ftta:inc.d austenite In th 1600DF runs.
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Fig. 4,- Change 'I.nfttainro austenite In. tbe 1:800"1'runs •
because the carbon atoms open up the crystal Iat-
tice to. allow easier nitrogen atom diffusion. The
observed nitrogen gradient results for this experi-
ment do not indicatethi to be true for 9310. The
nitrogen gradients appeared similar between runs
A (0.6% C) and B (0.8% C); however, this may
nOI be enough of a difference in carbon level to
observe an effect of the nitrogen diffusion. Other
research (Ref. 12) indicated much higher
amounts of nitrogen in a carburized case than that

achieved in tile investigation pre ented in this
report. The higher nitrogen case levels involve

Raw Town Has (RTG), which contained a different
CQ/C02 ratio than an endothermic based atmos-
phere. This research suggests that the amount of
nitrogen diffusion into the case is not 'Only depen-
dent on temperature, but also on the CO/C02 ratio.
The different CO/C02 ratio also resulted in lower
levels of carbon diffusion into the case.



41.4 35.9 17.0 11.2 9.4 8.9

83.2 72.2 48.9 40.9 33.8 27.4

38.3 35.6 15.3 8.0 9.5 8.8

29.5 25.4 7.9 7.7 1..1 4.3

41.2 :17.2 1.5 10.5 10.8 8.0

55 ..1 45.5 29.2 25.8 IS.U 15.4

66.2 57.0 41.5 31.5 27.[ 21.9

42.7 34.4 is.l 20.6 11.7 9.9

51.6 46.4 26.2 11.6 13.0 12.5

63.0 57.3 44.7 31.8 27.3 15.9

68.5 64.7 40.9 29.0 27.8 23.2

A

B

C

D

E

F

G

H

K

Run I) QT D N DT NT

A 624 59.3 62.8 63.2 62.3 62.7

B 61.0 :58.7 62.4 65.6 63.6 64.3

C 60.0 58.4 64.2 65.1 61.4 61.2

D 58.0 56.5 63.7 63.8 62.5 63.0

E 60.9 58.8 64.8 68.0 62.5 65.5

f 59.5 56.4 63.9 62.8 62.1 62.2

G 55.6 58.3 63.1 65.3 64.8 62.8

H 61.6 57.7 64.4 64.4 60.5 61.3

59.11 56.6 64.6 63.4 61.1 61.1

J 57.6 53.8 61.9 63.5 61.2 61.8

K 55.0 ..1-8.9 62.3 62.4 60.6 61.8

The HRC results are listed in Table V, and a
project data summary ill Table Vl The results
indicate that hardness is not necessarily a func-
lion of retained austenite, Using 30% retained
austenite as a reference point, hardness values
varied from a high of 68.'0 HRC to a low of 565
HRC for amounts less than 30%, and from a high

of 65.6 HRC to a low of 48.9 HR:C for amounts

greater than 30%. The maximum hardness re ulr-
ed from the NBP' treatment

'Conclusions
• Only the runs at 1700°F showed increased

levels of retained austenite as a result of increased

carbon levels.
• Increasing the carburizing temperature short-

ened the cycle 'time and did not increase Ute
amount of retained austenite, Providing the fur-

nace does not leak, increasing the carburizing
temperature does not contribute to increased
intergraaular oxidation ([OP).

• The 1900°F carburizing cycles resulted in an

increased grain size of the core material for the
a -quenched samples; however. this may be con-
trolled by a proper reheat and quench cycle,
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• The effect of the ~IB P'proce s is notapparent
by hardness. retained aa tenae, re idual stress or
metallographic structure.

• Treatment at -110°F or BP both reduced the
retained austenite levels significantly and

increased hardness from a range of HRC 49-59 to
a range of HRC 6(}...65.

• NBP treated samples exhibited no sign of

thermal shock or cracking.

Future Work
The effect of the NBP process on the perfor-

mance properties of Weal and ingle tooth bend-
ing will be studied in the next experiment. Gear
teeth were cut on every sample coupon to simu-

late real-world material applications. The test

coupons were tempered after deep freeze treat-
ment to lock: in the propertie until performance
testing could proceed, Thi will determine if the

deep cryogenic impart imilar benefits to gears
as those ob erved in the [001 and die materials in
which they have been used successfully,

Future experiments may include expanding to
other "new" gear materials such as Vasco, which
was developed by Boeing Vertol and Teledyne

Vasco for high hot hardne s and the ability to be
carburized,

Further studie on atmo phere addition will be
investigated using higher ammonia additions,
higher temperatures and higher carbon levels, 0
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62.4 0.0311
35.87 59.3 0.029

17.01 62.8 0.037
67 9Al 62.3 0.033

+ H3 68 63.2 0.034
69 62.7 0.033

I:l 61.0 0.037 0.033 0.798 0.785 0.013
I600°F 0.038
0.8'J- C 0.039
12.0 hrs 0.040
+NH] o.(m

O.O~
0.0.79 0.801 0.834 0'.061

0.032
0.034

12.0 hrs 0.033
0.033
0.035- -

D 0.032 0.D28 1.003 1.017 0.025
1600°F 0.030
I.O%C 0.033
8.5 hrs 0.033

0.033
4.33 0.030

E 22 0.031 0.026 0.802 0.801 0.036
170001" 23 0.031
O.8~C 24 11.49 64.8 0.035
6.0 hrs 25 10.82 62.5 0.034

26 10.49 68.0 0.035
27 7.99 65.5 0.034

.1"1* 28 64.8 0.039 0.030 I.OCH 0.925 -0.054
29 63.5 0.037
30 23.96 62.6 0.041
31 12.75 62.4 0.037
32 16.33 65.7 0.039
33 .46 62.0 0.038
76 55.07 59.5 0.034 0.029 0.999 0.981 -0.008
n 45.51. 56.4 0.034
78 29.15 63.9 0.037

4.5 hJS 79 14.96 62.1 0.033
80 25.76 62.8 0.033
81 15.40 62.2 0.033

Q037 1.169 -0.049o.O~
0.037

37 27.06 0.Q35
38 31.54 0.040
39 21.88 ~036

H 40 42.67 0.034 0.025 0.806 0.792 -0.012
1800"F 41 IlO3O
0.8%C 42 15.13 64.4 0.032
3.0 hrs 43 11.68 0.00 60.5 0.033

44 20.60 64.4 0.038
45 9.85 61.3 IlO31
46 0.032 -0.018

1800°1" 47 0.034
I.O%C 48 26.18 0.035
2.5 hrs 49 \3.03 61.1 0.Q28

50 17.59 63.4 0.Q28
51

J 52
1800·F 53 0.034
1.2%C 44.71 0.034
2.0 hrs 27.29 61.2 0.032

31.82 63.5 0.029
61.8 0.034

_55.0 O.O~
48.9 0.029

1.4%C 60 40.89 62.3 0.028
1.5 hrs 61 27.80 60.6 0.029

62 29.00 62.4 0.030
63 23.23 6.1.8 0.029
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~ Inc. Flllumi Manufacruring Inc.
Accurate Steel Treating Fox S!eel1':renLin$Co.
Adwnccd !:leal Tremin Ino:. !!;PM Heal Treating
Advanced Metalllllgical Grove

Technology FP:M Ipsen Hear Trenling
AdYllllCCd ThennaI FFM Milwaukee

Technologies Inc. ' Franklin Steel Treating Co.
AJax MHgt!etI!ennk Cor:P. Gear Company of America
Albany Metal Treating Oenernl Heal T-reating
Alco Heat Treating Corp, Genera] Melol Helll

illi3!lCe Meral Treating Theating Inc.
Alpha Heal Treaters ' Cleo. H. Parler Steel
A.m<!:riC811..Brazing Treating Co.
American Heat Treating Gibson H.eat Treat loc.
Ameri3:a!l Me~ Trealing Inc. Grand ,Rapjd<~Heat
Atmosphere AImealinginc. treating Co.
Beehive Heat Treering Ine. H & M MeraJ Processing
Beoediet-Miller Inc, Hansen-Balk Steel Treating
Benne!! Heat T=ting & H!!W!I Ridnnond toe.

Brazing Co. Heal Th:at Cotp. of
IIOO~ America

Thmnail'roressing Heal Treating Serviees
Bomak Cocp. til Te<:MeLal Groop--
The Bowdil Co. Oe .eland
Brnddock Me!!!llurgical Hi-Tech Steel Treating Inc.
Braddock Me!allurgical Iiindcrliter Heal1I'ea!lng

Alabama I'oc.-AruIDelm
Brazing & Mel3l Hinderliter Heat Treating

TreaIing---Cleveland Inc.-O-aIllIS
Brnzil!g & Mew Treating Hinlkrliter Henl,mllting

of KY Inc.-Turz:ana
Brazing & Metal Th:a!ing Hinderliter Heat Treating

of MN Inc.-Tulsa
Brite Metal 'treating Inc. HiTecl! Aero
.Brite Brazing ,WrecJj MelalJurgic;lJ Co.
Burbank Sleel1reating Inc. Horizon Steel Treating Inc.
Cal-Doran Division Hcmhurgh & ScoIt CD.
CarolioaCorrunert:ial. Heat Ifl'O Aerobraze

TreatiI\g Hy- Voc Technologies Inc.
Caterpillar Industrial ' Hydro- Vac

Producu Inc. miana Heat Treating [nco
Cenlllry Sun Metal Treating lmp;Ia SlrnICgJeSInc.
Certified Heat Treering lnc, fuduction Mellll Treating
Certified Metal Craft Inc. Inducti.oo Services Ioc.
Chicago Flame Hardening lDdlldolH!al.lnc.
Oticago Induction ~!!I Metal1rrel!linll
Cincinnati flame lndi!l.uiaI S!eeI Ttealin ,Co.

.HardenLng Co. Ind", miaI S!l:cl T=~'1II1n;;.
Ciocimwi Gear Co. Irwin AUlOmlllioo Inc.
Cincinnati S~I Treating i Jasco Heat 'l"'mttinilloc.
City SUld Treating Inc. JCS Engineering &
Cleveland Flame Developm!:!!1

Hardening Co. John V. Polero Co.
Coleman ~ Heat Ko ....nW:i Heat Treating Co.

Treating ,Lake Coon\)' Sreel Treating
Comrncrciallnduction Lexington Heat Treat [nco

, COmmerdaI Sleel ~ Lindberg HCal1'reating
Custom Heal Treating Co. Co.-Berljn
DelTOil Steell'reating Co. , Ii1!dbeIg HCIlIT'ren~
Diamond Heat Treating Co. Co.-HouMan
Dixie Heat Treating Co. lindberg Heat Treating
Dixie Machine & Heat Co.--Melrose Park

Ti"et!ting Inc. Lindbe!:g Hea! Trea!ing
Dre= Heal Treating Co.---;Racine
Dynamic Metal Treating Lindberg Heal Treating
East c.rolinn Metal Co,--SL Louis

Treating Inc. M &: M fleal 1'i1!:a!
East-Lind Heal Treat. Mlgnwn Me!<!l T:~g Ino:.
Eckel Heat Trea! MmmiDgS U.s..A.
JSdI!l3!"tk Heal Treating M!s!er Hell! T=ti--I\g Inc.
Elmira Heat Treating MeriJ OearCorp.
Engineered Heat TTenlIoc. Mwl1'reaIing & .Research
Erie Steel Treating Inc. Mc1l1llmprovemenl Co.-
Euclid Heal1'reaIing Co. CoIWllbu.~
Fait[Jdd -teg. eo. MwI bqprovemml 'Co.-
Feinblanlcing I.1d. Lafayette
FenJ.ooHeat Treating Melal Improvemenl Co.-
Rarne Hruderung Co. of McLeanlWichita
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MI:IaI Treatcrs loc.
MellllMetbods
Md:illwgicaJ Ioc.
Memllurgical I'roa:s.'<i!!g
MeI!!b Engineering l"oc.
Metals Tecbmlogy
MetiabCo.
Meuo S!eel Trealing
Met·Tek l"oc.--Clockamas
Me..·Tck Inc.-Rocine
Midland McLal1'teat:ing Inc.
Mid- West Flume Hardening
Midwestern Machinery Co.
Modem Industries In!:.
Modem Metnl Processing
MOUIIllIinMetallurgical
Na[iarutllnducriol! HeatiJJg
N~tklnal,Rroach
NaIIC!OOI ~mI Processing
Nettlesoo Steel Treating
Nitro- Va:: Heat r-reaJing
o & W Heat i'reut Inc.
,~ MetaJ Treating Co.
Ohio Metnll~ Servia:
P & L Heat Treating &
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I'ru1ek Labomloties Inc.
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Birmingham
Pnulo Products Co.-

Kansas. City
Paulo Products Co.-
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Paulo Producu Co.-

S!. Louis
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I'IlwIl!r-MBag CutIi!g Tool'l
Phoenix. Heal.1\atinglnc.
Pill- Tex Inc. -
Precision Heal treating
Progressive Steel Treating
Racine Heat 'l"feating Co.
Richter Precision Inc.
Rocbester Stllcl Treating
Rotation Produru Cocp.
S.K.S. Heal Treanng IDe.
Sea! FoIJ!e
ShnMeWt~1n;;.1=:==~~.I
Sou1hcasrem Hear Treating
Specinl\)' Heat Trea~ng -
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SpeciallY Hear Treating
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Special\)' Heat Treating
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Specialty Heat Treating
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Sj)Kially Steel1'reating-
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Specialty Steel Trearing-«
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Stare Heat ~t Inc.
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Sleel Treating
Sun Steel1'realiog
SuflCOOSlHen! Treating-

O!b!ldo
SWlCOaSIHCi!!Iicating-

Pompaoo Beach
Suncoasl Heat Treating-

Tampa
Superior Metal T=ting
S)'!"!!C~ HealT'reating
Theml Tech of Waukesba
1bennaI Brnze fill:.
Thermal MdJIl Treating Inc.
UImnaI T~nt CeDler

Thcm!o Electron MeW
Treating .Div.

llvmlo T_ Ltd.
'Qcx:o. lne.
TmcTecb
Tn:alAll Metals Inc.
"I'rojan Hea! Treat Inc,
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Wallrer Heal Treating
Wall Colmonoy Corp.
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Weiss lndustries Inc.
Wes~sjde Flame Hardeni.ng
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AJ3SMewturgiaj

I'rocessm Inc.
Certified MeraJ Cruftlnc.
Cinci onati Gear Co.
KowaJski Heat TreBting Co.
MeIa.Is Technology
MeI·TelI: Inc.--Clacbmas

A,USrEMPER1NG
ACOl",te S"",I Treating
Advanced Metallurgical

Tecboology
Aleo Heat Treating Corp.
American Met Th:atinglnc.
AP WesL.hare
Applied Process [nco
Benedict-Miller Inc.
Bodycolo/Hinderlitet'

Tbermal Pnx:e>Sing
I Burbank Steel Trellting Inc.

Century Sun Mellli Treating
Certified Metal Cl"IlfIlnc.
Edwards Heat Treating
E.\mim. Heat Treating
Eudjd Heal Treating Co.
Fi""", Mel:!!ls~sing
Fox Steel Treating 'Co.
!'PM Heal Treating-

E1kGmve
FtarLklin Sled Tiwi~~ Co.
GmmII Metal HaU

lRaliDg Inc.
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Horizon Slttl Th:.lting lno::.
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Indus!ri!il Steel Treating Ioc.
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Kowalski Heat Th!ating Co.
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Lindberg Heat Treating
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Metals 1Cclmology
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National Meml Proces,inll
Paulo .PrOdOCI!; Co.-
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Alco Heal Treating Corp.
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Ammcan. ,Brazinll
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Thermal~!l
Brazing & Metal Treating
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Brazinll &. Metal Treating
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Certified Heat ~ng Inc.
Certified Metal emft Inc.
Chicago l1lI.luction
Coleman Commercial Heat

Treating
EiL'I! Carolina Mctal

Treating Inc.
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E![mira Heal Treating
Flame MeIl!ls Processing
flllXtroI Manufactwi.ng. Inc.
FPM Real. Treating-

Elk Grove
FPM Ip;;en Heal Treating
Franklin Steel Treating Co.
'Genmil He.a11'muing 'Corp.
Gibson He:d 1'fealinc.
Good Earth Tools. Int.
FlIlJnj Rid'trnond Inc.
Hi-Tech Steel Treating Inc.
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Oevelnnd
Hinderliter Heal Treating

Inc.-AIlilbcim
Hinderliter Heal Treating
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ffinde,iiler Helll Treating
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Hitech Metalhlrgical Co.
Horizon Steel Treating Inc.
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LndU.'I!"i!!l Metal Treating ,
lnduslrilll Steel Treating
!lindberg Heat Trem:in
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Lindberg Heat fuaIing

Co. . I.l..oou
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Merit GeM Corp.
Metal lmproVt1I1enl Co.-

McL.ennfWicl!i1;l
~ct:aJ 1'reaIin,g Rese:ardt

Mel!!llurgicalloc.
Melllls Technology
Modem Indmlries IDe.
Modern MetD,ll'rocessinll
National lfllluction Healing
NiLfO. V31: Heal Treating
o & W He<ll Treat Inc,
Paulo Product~ Co.-

SI. Louis
PElIIlSylvanill. MCIllIlurgicai
Precision Heal Treating
~veS~ITreaung
SolarA~ Inc.
Sonee Heal Trealing Coip.
Special!}' Heal Treating

Inc.-Atbens
Specially Heat Treating

1nc..-EIkbart
Specialty Hell! Treating

Inc.-Grond R.apid.
Specialty Heal Treating

Inc.-Holhtnd
Special\)' SteellTreaIing-

Farmingtoo H::ills
Sleel1'reating
S~ HeaI'I'reating-

Thmpa
Syracuse HelII Treating
"1"IIennI!l B~ Inc.
ThennaI TreaIJ1Irnl Cemu
Thermo Electron Me1nl

Treating [)jy.

Wall Colmoooy C.uJ1'.

ICARIUINfIlUDING
ASS Metallurgical

Processors Inc,
Acrurau: Steel Treating
Adv<!!lCed Hea! Th:o!ting Inc.
Advanced Metallurgical

Technology
Advmced Thenr!al

Tecbnolngies loc.
AJbany Mcml Treating
Alea Hent Treating Corp.
Alliance Metal Treatinll
Alpha Heat Trea!ers Div,
American Heal Treatmg
American Mew Processing
~ MeL 1l"e:lIin hr.
Beehive Heal Treating Inc.
BenedJcl-Miller Inc.
Bennett Heat Treating &.

Brazing Co.
Bod}COldHinde!'liter

l1!emml Precessing
, Braddock Me1nI1urgicai

Bmddock MeInllurgical
Alabama

Brite Metal i'reating Inc.
Cal-Dcrnn Division
Carolina Commercial Heal
Otrerpillw lnd!!Olrial

Products Inc.
Century Sun Metal Treating
Certified Heat Treating loco
Cincinnati Gear Co.
Cincinnati Steel Treating
City Steel Treating Inc.
CoIeIlWl Co!l1lllel'Cil!!Heal
Gomtnen:iaI Skd ihlIIl:ing
Detroit Steel Trealing Co.
Diamond H= Treaang Co.
Dillie Machine & Heat

Treating Inc.
Dixie Heat Treating Co.
Drever !-Ieat Treating
East-Lind Heal Trenl
East. Carolina Metal

Treating Icc.
Edwards Heal Trealing
Elmira Heal Treating
Engineered Hent Treat Inc.
Erie Steel Treating Inc.
Euclid Heal trellljng Co.
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Peinblanking Ltd.
Flame Metals f'roccssing
PPM Heat Treating-

Elk Grove
PPM Ipsen HeaI1'rculing
PPM Milwaukee
Franklin Sreel Treating Co.
General. Heal Treating
C-ral Mt'f.IIl Heal

"iln:aling Inc.
Grand Rapids He.a!

Treating Co.
Hansen-Balk Steel Treating
Hau:nl RidJ:mood lne.
Heal Tlea! Cocp. of

America
HeaJ'Treating Inc.
HliTccMemf Group--

Cleveland
HI· Tech Steel Trmmg Inc.
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Hinderliter Heal Tl'eaIing

Inc.-Anaheim
HLnderli!e!' Heal 1'reming

Inc.-Dallas
HiIKkrtiter He:II Treating

Inc.- Tarzana
Hinderliter Heat Treating

1De.-TuIsa
Horizon Slttl Treating loc.
Huron Me!l!llurgk:allnc.
Illiana He:II Treating Inc.
Impact SlralCgies Inc.
Induction Metal Treating
lndustrial ·tetal Tre®ng
loousuial Sleel Treating Co. I

lndusuial Sleel Trea!i!!g Inc.
Jasco Heat Treating Inc.
Lake County Steel Tmding
Lawrenoe Indusuies loc.
Lexington Heal Treat Inc.
Lindberg He:II Treating Co.

---&:rI.in
Lindberg Hem Trealing Co.

oustoo
Lindberg Heal Treating Co.

'-:Mel.rosc :Pru:t
Lindberg Heat il'eaLing Co.

-Racine
Lindberg Heal Treating Co.

-Rochester
Lindberg Heat Treating Co.

-1.IAlU-'S
Mag!!um Metal Tn.:atil!J
Menl Gear CoIp.
MeIIlI.lmprovemeot Co.-

Columbus
Metallmpro.-ement' 0.-

Wayel1e
Metallmprovemeot Co.-

McLean/W'lChilil
Metal T~ Ire,
Metal Treating & Research
Metallurgical Inc,
Me!alll!Q!icall"roces! Inc.
Metals Eogineering!'!!c.
Metals 'Iechnology
MetJabCo.
Metro 51«1 Tmu.ing
Me1·Tek Inc.-O...~
Mel-Tell: Inc.-Racine
Midbmd MeIIlIl'realing1nc.
Midwes!em Moohinery Co.
Modern, Indu.lJrieslnc.
Mountaln Me13llurgical

1ltiuna1 Bro!M:b
atiooai MetuI Processing

0akJJmd Metal Treating Co.
Ohio MetaiJurgical Service
Paulo Products Co.-

Birmingham,
Paulo Prod!!Clli Co.-

Kansas City
Paulo Products Co.-

Memphis
Paulo Products Co.-

Murfreesboro
Paulo ProdIJdB Co.-

ash"ille
Paulo ProdllC!.S Co.-

SL Louis
Pennsylvania Metallurgical
Peters Heat Treating Inc,
POOenix: Heal; 1h!aIing.lnc.
F'reci_;0Il! Heal TreaUJlg
Progressive Steel Treating
Racine Heat Treating Co.

I

Rocl!I::ster Steel Treating
.RoIlltion Products Corp.
S.KS. Heal Treuti'1!lIre,
Shorr; Metal Tedioology
Southeastern Heal. 'Ireating
Specialty Heat Treating Inc,

-Atbens
Specialty He.aITreating loc.

-Elkhart
Spccwry He:!! Treating Inc.

---Gral!d Rapids
Specialty Heal Treating Inc.

-Holland
Specialty 1«1 treating-

Farmington Hills
Spocialty Steel Treating-

Fraser
Sillre Heat Treat Inc..
Steel. Treaters. Inc.
Steel Treating
S~ Heal TrealiDg-

Orlando
Suncoost Heal Treating-

Pompano Beach
Suncoost Heal Treating-

Thropa
SuperiOr Mewl1'reating
Syracuse Heat Treating
T. N. Woodworth Inc.
'Thenn Tech of Waultesb.a
Them:iaI Molal Treating
Tbermal Treatmetu enter
'1i'I'EnnoElectron Metal

Treating Div.
Thenno Treaters Ud.
l'mcTech
'Pn:m A!l1 Metals Inc.
Tfulcc Industries
Universal Heat1'n:<ltiDg
Washingtoo Metallurgical

Services
Weiss Industries loco

c.e;RBIlRIZING
ASS Metallurgical

Processors Inc.
ACCII!1iIC' Steel Treating

dvanced Mewlurgiclll
Tcchnology

Advanced ThennaI
Technologies Inc.

Advanced Heal1'renting
Albany Me!all'.eating
Alco Heal Treating Corp.
Alli= Met!!llTreating
A!I.JXia Heal tn:alEfi Diy.
American Met 1i'e!IIi!;g Inc.
Ammi.can Metal Processing
M tallTreating AP
WesIDore
Beehive Heal Treating Inc.
Beoedict-Millee Inc.
Bcnneu Heal Treating &

Br.lZing Co.
&dyoOlelllLndediter

Tbem:Jall'I'oa;;;sing
Bomak Corp,
The Bowdil Co.
Braddock MetillUIgic.al
Braddock. Memlturg1cal

AJabama
Brile Metal Treating Inc.
Burbank Su:eITreating loc.
Cal-Doran Division
Carelina Commercial Heat

Tm!!i~
CaterpiUar .!nduslrial

Products Icc.
Cen!ury Sun Metal1'reating
Certified tleal Treating Inc.
Certified Me1al Crnft. Inc.
Cincinnati Gear Co.
Ci.ncinnaIi Steel Til:!!!ing
City Steel Tluting Inc.
Coleman Commercial Heat

Treating
0HnmmilIl Sooei Frealing
Custom Heat T~ing Co.
DeIroit Steel Treating Co.
Diamond Heat Treating Co.
Dixie Hent Tre.ali1!J Co.
DiJll.ieMachine & Heal

Treating Inc.
Drever Heat 1'reru.ing
,East Carolina Metal

ThmingInc.
East·l.il!d Heat neat
Eckel Heat Tn:at
Edwnrds Hent 1'I'eaJing
Elmira Heat Treating

Engineered Heal Treat Inc,
Erie Steel Treating Inc.
Euclid Heal1'reming Co.
Fair{Md Mig. Co.
Feinhlllnking Ud.

, Fenton Heat Treating
Flame Metals Processing
Fox Steel Treating Co.
!PPM Heat Treating-

Ell: Grove
!'PM Ipsen Heat Treating
FI'M MHwaukee
Frunklin Steel T-reating o,
Gear Company of America
'Genenil Hea! Treating COIp.
'Genenlll\fetal Heal

'De!IlIDg Inc..
Geo. H. Porter Steel

Treating Co.
Gibson Hcat Treat Inc.
Grand Rapids !:leal

Treating Co.
HaunlRichmond. Inc.
Heal Treat 0:J!p. of

Ame.dca
Hear-Treating Inc.
Hi-Tech Steel Treating Inc.
H! TecMetai. Group

-Clevell!!1ll -
Hinderliter Heat Treating

Inc.-Anaheim
Hinderliter Heat Treating

Inc.-DalIM
Hinderliler Heal Treating

Inc.-Tarzana
Hinderliter Heat Treating

.Inc.-Thl'13.
Horizon S.eel1Tealing Inc.
Horsburgh & Sootl Co.
Huron MetalJwgic~ loc.
IlIlona Heru1'reru.ing Inc.
Impact SlnItegies Inc.
Induction Metal Treating
Industrial Metal Th:ating
Indus!tiaI Steel 'l'real.ing Co.
1ndUS!Iial Steel 'lIeaIing Inc.
Irwin Automation Inc.
Jaseo Heal Treating Inc.
JCS Engineering &

IJevelopmem
1..I!1e' CoU!!!)' Steel Treating
Lawrence Industries Inc.
Lexington Heat Treat Inc.
Lindberg Heal Treating Co.

-Berlin
L:i!ldberg Heat Tluting Co.

-HOU>to!I .
Lindberg Heat T-reatiJ1gCo.

-Melrose Pad:
Lindberg Heat Treating Co.

-New Berlin
Lindbers Heal Treating Co.

-Rl!cine
Lindberg Heat Tl:Caling Co.

-Rochester
Lindberg Heal Treating Co.

-SL Louis
Magnum Metal Treating Inc.
Master Heat Treating Inc.
Merit Gear Corp.
MeIIlIlmpro\'elfII!:nI Co.-

Columl:ms
Metal .lmprovemelll Co.-

Lafayette
Metal lmprovemenr Co.-

McLlanlWichita
Mewl T!eaters Inc,
Metal T"reating & Research
Metallurgical Inc.
Me!;illurgi!:;!! Processillg[nc.
Metals Eogineering loc.
Metals ~cChoolog)'
Me!lab Co.
Metro Steel Treating
Met-Thk Inc.-Racine
MidLmd MeIlII Heating Inc.
Midwestern Machinery Co.
Modem Jwlus1J"Ies Inc,

Mountai:n Metllllurgical I

gdonnl B.I'Q!l.clI
Na~onaI Metal Processing
Oakland Metal Treating Co.
Ohio Metallurgical Service
P &. L Heal ireating &.

Grinding
Partek Laboratories Inc.
P-aulo Products Co.-

Birmingham
Paulo Products Co.-

Kl!!lwCity
Puulo Products Co.-

Memphis
Paulo ProdUCL~CO.-

Murfreesboro
Paulo Products Co.-

Nashville
Paulo Products Co.-

S~Louis
Pennsylvania Metallurgical,
Peters Heat. Treating Inc.
!!'boonlx Heat 'fmIlng hl\:<
Pitt-Te-l: Inc,
Precision Heal. Treating
Progressive Steel Treating
Racine Heat Treating Co.
Roche.ret Steel Treating.
Rounion Products Corp.
Shore Metal Technology
Sonee Heat Treating Corp.
Southea.,rem Hent Treating
Specialty Heat Treating

mc.-Alhens -
Specialty Heal Treating

Inc.-Elkbw:t
Specially Heal Thwing

Inc.-Grand Rlqids
Specialty Heat Treating

foc.'-:HoI.lWld
Specialty S~ Treru:ing-

Farmington Hills -
Specialty Steel Treru.ing-

Fraser
State Heal Trent Inc.
Steel Treaters, Inc.
Steel Treating
SlIIICOOStHeat Trealing-

Orlando
SlI!!COa..~Hem Treru.i.n

/'Q!!!p!!OOBeacl!
Suncoast Heat Trealing-

Tampa
Superior Metal Treating
Syracuse Heat Treating
T. N. Woodworth Inc.
Them! Te<:h of Waukeshi!
lbennaI Meial Treating Inc.
Thermal1i'rentment Center
Thermo Electron Metal

Treating Div.
Tberrno Treaters Ud.
Tfi!!,;LedI
TICal All Metals Inc.
Tnnee Industries
Universal Heat TreaMg
Washington Metallurgical

Services
, Weiss Indusuies Inc.

Wesl.5:ideAame Hardening

ICRYIIGENICS
ABS MetalJwgical

Processors Inc.
ACCW1I1.eSteel Treating
Advanced Thermal

Techoologies Inc.
Alec Heal Treating Corp .
Alliance Metal Treating
American Brazing
American Heat Treating
AlneriCl!!l Me~ Treating Inc.
Applied Cryogenics Inc.
Beehive Heal Treeting Inc.
Benedict-Miller Inc,
Bennen Heat Treating &

Brazing Co.
Bodycole/Hindertiret

NITREX IMETAL nCHNOlOGIES INC.

a22~KIIM DRIVE
P.O. BOX 155.

MASON, M148854
TEL: 517·67,6·6370
FAX: 517-'676·6427

42111MAIINWAY ID'RIIME
BURLINGTON" ONTARIO

L7L 5N9 CANADA
TEL: '905-319-9258
FAX: 905-319·9260

3480 FOIRliER BLVD.
ST..ILAURENT, QUEBEC

H!4R2J5 CANADA
TEL: 5,14·333·8360
FAX: 514~333-1899'

Circle 1811...-------------1
SPEClAUlINGIN 'i~URINEEDS II

4 Generl1tJons,&penence
• Commercill I

• Aeros,pac .•
• VIG!!um\ [odo, ~S.h
• EleClJlo-Po'lish M'etal FinlshL.
• Prm o.uench C.plhi[itieJ
• Copper ~Iating
• M'aJtem,pel/AJIslemper

1Mi DlSCCU-:NifON RlST IOR.DEB FORMOOION.ING All
Phone: (6021258·7751- FAX: ,(602) 258·7161

Cq-mmtrfflU Stetl Thlftillg Corp.
--- Since 1927 ----:I

Specializing LIISurface
Treatments Which
Extend Wear and

Corrosion Resistance

II• Gas Nitriding
'. Salt Bath Nitriding

• Carburizing
• Neutral Hardening

PHONE 248-588-3300 .IFAX 248-588-3534
31440 Stephenson Highway,

Madison "IS., MU8071
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_---------- HEATTREA11IN'G SERV,ICES mRECTORV _
ThennaJI Processing

Brntldocll: Mclllllurgical
B.l'llddbck Mc:tallWgical

Alabama
Burbank Steel Treating lnc.
Cal-Doran Di,vision
Carolina Commcn::iar Heal

TreaJi!lg
Century Sun Melllll'rcnling
CClIilied Heal Treanng Inc.
Cincinnati Flame

Hardening Co.
Cincinnati Gear Co.
Cincinnati teel Treating
Cil)! Steel' lreating Inc.
l:Idmil Flrune Hardening
iDetroil Steel Treating Co.
Dm-er Heal Treatil1&
East Carolin.1 Metal

T=tingloc.
Ea"I.Lind Hem TreJlt
EdwW'ds HCaI 1IuIing
Elmira Heru Treating
Enginoorod Hell! Treal, Inc,
Erie Steel Tre.ti ng Inc.
F-1IIrIk1d \'\,ifR. ' 0-
Fenlon Hcal Treating
Flnme Meillt. Processing
Fox Steel Tremlng Co.
FPM lieal1ka!ing-

Elk Grove
FPM Ipsen HCIlI,Treating
/'PM M:iJwuukec
General HQ! Trcaling Corp.
G~n!l1 \'\,_el!!l Real

Trellting Inc.
Goo H. Porter Steel

Treating Co,
GilL"," HCiII Treat Iee.
n:.unl RidI~Inc.
Heal-Treating IDe.
Heat Treat Corp. of

America
Hi· Tech Slecl1'reating Inc.
!l]TccMetal Group-

Cleveland
Hinderliler Heal, Treating

Inc.-Anaheim
Hlnderliler i'IeaI Treating

loc,-D1II1lIs
Hindcrtif£l' 'Heal, Tteating

Inc.- Tai7J!na
Hinderliter HealT~~

Ioc.-1\t1oia
HlTccbAcro
Hy- Vac Te.::hoologies Inc.
Hydro-Vac
Ilfiana HenlTre.ninll IIIC.
Impact SIr'Jlegies Inc.
Induction Metal Treating
1Dd1L'iIriaISu:e11iealing Co.
Industrial Steel Treating Inc.
bwin Autornation IDc.
JII5CO Heat Treating Inc.
Kowalski Heal TrealinS Co.
L.uington Ileal Treat Inc.
~ 1kB! TreatingCo.

-Berlin
Lindberg Heal l'=ling Co.

-Hotrnoo
Lindberg fkaI Treating Co.

-Melrose I'arI:
lindberg Heal Thating Co.

-Racine
Magnum MC\:II Treau!ll!
M!!.'ler Hel!l Trealioglnc.
Metallmprovemeru Co.-

Columbus
Metallmprovcme:nt Co.-

Mcl..clllllWlchlta
Metal Trealm Inc.
Metallu_rg!C'41Inc.
Metals Engineering IDe,
Metals Technology
MCU'O SII!CI 'll!:ating
Mel-Tek Inc.-Clacbmas
MidlllOd Metal Treating Inc.
M!!Ikm Industries 11K:.

30 (lEAR TECHNOLOG.,.

Mountain Me!allurgical
NatiooaI Metal Prooessing
NiI:rC).Vac Heal T reating
OIuo Metallurgical Service
:Pa!!lo PmdUCLS Co.-

Birmingham
Paula Products Co.-

KIllJ5lISCity
!>.lulu ProdUCLS Co.--

Memphis
Paulo Products Co.-

Nashville
Paulo ProdUCIS Co.-

St, Louis
Penna Flame Industries Inc,
Pelm H""I TreaIin.1! Inc.
I'Iloenix Held Trt:ad!!g lDc..
Pitt- Tex 'loc.
Progressive S~I Treaiin
Racine .Heal Treating Co.
Rochester Steel Treating
Roe.mon Products Corp.
S.K..S. Heal Trea!ing Inc.
Shore Metal Technology
Solar Atmospheres ID.c.
Sonee Heat Treating Corp.
Southeastern Hea! Treating
Specialty Hen! Treating Inc.

-Athens ,
Specialty Heat Tmalingloc. ,

-Elkhatl
Specialty Heal Treating lnc.

-Gtmd RIijfids
Specially Heal Treating Inc.

-Hollar!d
Specialty Steel Tl'ealing-

Fraser
Steel '[realm, .Inc.
Steel Treating
Sun Steel Treating
SUJlCOOSI Heat T-unl!-

Orlando
Suncoast Heal Treating-

Pompano Beach
Suncoast Hellt Trealing-

Tampa
Superior Me1al Treating
Syracuse Heal Treating
T. N. Woodworth IIIC.
Thenn 'Iecb of WaukeSha
Thermal Ttearment CmlD'
Thrnno Electron Metal

Treating Di .
Treat All Metal Inc.
l'rulec lnd\lstries
Universal Heat Treating
Walker Heal. Treating
Washinglon Metallurgical

~tvice.,
Weslside flJ!me Hardenlng

! IDlE QUENCHlNG
American Brazing
Benedict-Miller Inc.
Bennett Hem Treanng &

Brazing Co. .
Burbank Steel TreaIi-n8 Inc.
Calerpillar Industrial

Products Inc.
Certified Metal Craft Inc.
Cincinnati 'Gear Co.
Cmdnnati S!l:el Treating
Dynamic Melal TreaIing
Engineered Heat ~[ Inc.
Euclid tletll Treating Co.

airl'ield Mfg. Co.
Fox Steel Treating Co.
I'rnnldin Su:eJ Tharing Co.
GcIll~raI Metal Heal

'l'reating I:nc ..
The Gleason War·
Q!IlIld lUpids ll~

Treating Co.
Heal Treat Corp. of

Arneri.C3
.Hy-Voc Tedmologies Inc.
.UliMa Heal TreaJ:iJlg IDe.
Impact SII'liIeg)es loc.

IndUSl!'ililStcd Treating IIIC.
Jasco flea! T'reatiDg Inc.
Joim V. I'c4ero Co.
Kowalsldi Heal Treating Co.
.lindberg Heal Treating

CQ.~Rocine
Memllurgiealloe.
Metals Technology
Ohio Metallurgical Service
Paulo ProdUC!SCo.-

Birmingham
Paulo Products Co.-

~CiIY
Paulo Products Co.-

Memphis
.Pnulo ProducllJ Co.-

. ashville
Paulo Products Co.-

SL Louis
~ Ik!!I 'fIutingIne.
Roboduction Tbermal

Processing
Sol!!!'A'l1tlO>~ Inc.
SpeciallY Sioel Treating-

Fraser
Sun Steel Treating
Therm Ted! of WaukC8ha
Thermal Melal Trearing Inc.
Treal All Metuls Inc,

Pennsylvllllil! MeI_aIlurgical
Revas En.ginecring Co.
Specialty Heal Treating

Inc.-Athens
Steel Treaters. Inc.
SWICOOSt tIe!tl: treati.n .

Orlando
Su!](;OO"t Hell! Treaong-'

Pompano Beach
, SUOCOIISllienl Ireaung-

Tampa
Superior Metal Trcaling
Syracuse Heal Tl'ea!ing
Thenn 1'ech of Wm.lkesha
Thermo Electron Metal

Treating Div.
Thermo Trea!crs LId.
Washington MelalJurgiCl1!

Services
Westside Flame Hrudcning
WohIenCorp.

i IFREE nUENCHING,
cBS MctaJlurgical

Processors Inc.
Advanced 'I1!e:mW

Technologies .Inc.
Alliance Metal Treating
AP Westsllore
Benedict-Miner Inc.

FLAM E HARDENING Bennett Heal Treating &;
Alco Heat. Treating Co!p. Brazing Co.
Amt:ricsn He!!l TIeming BodyooldHiaderliler
Beehive Heal1'reating Inc. ThemwI Processing
Benedicl-Milter Inc. Bmddock Melllllllfllical
Ikmle!;t HeaL Treating & Burbank Steel Th:ating Ioc,

Bruzinll Co, CaI·Dorru1 Dilfisioo
, BOOyooreJHinderlilelr Carolina Commen:ial Heal

Ther:mn.J I'rocessing Treating
1'Ilc Bm>rdil Co. Caterpillar !ndUJ,triai
Bi.IC)"!'Wi' Ime!tUItiooallnc. Products IDe.

aJifomia Surface Certified Metal Crafllnc.
Hardening Inc. Certified Heat Treating Inc.

Calumet Surface Hardening' Cmcinnau Gear Co. .
CertiJied fleat 1':realing Inc. ! Cincinnati Steel Treating
Chicago Flume Hardening : City Steel Treating IIIC.
Chicago Induction Comn:tercial Ind~on
CincillJlJlli Flame Cornmen:iW .SUeI Tre!!iz'!!g

HMdening Co. Diamond Heal Treating Co. ,
Cincirmati. Gear Co. OWe Heal Treating Co. Inc. I

Cincinnati Steel Treating Oreve.r Hea; 'I'reaung
Cleveland Flame E'.8sI Carolina Metal

H!!r<kn.ingCo. Treating Inc,
Coleman COmmercial Heal Elmira ~ 1'reating

TrelIIingEl\glneered, ·Heal Trw Inc.
Detroit Steel Treating Co. .Erie S!l:el1're;uin.g In!;.
Detroit f1rune Hanlening Eoc~d Heal 1'n:atingo.
Orever 'Heal. Treating !'emon HI!l1l Treatmg
Basr-Llnd flea! Tre<!! FPM He.lt Treating-

, Edward.. I!e<!\Treatmg Elk Grove
Erie Steel Treating lOC. FPM Milwaulcoo
Flame Hardening Co. of Franklin Stllel Treating Co.

CalifiJrniuGellUll1 Me1.i!JHC!!.I
Fox Steel Treating 'Co. Treating, In£.
Fmnktin Sioel Treating Co. Heat TreD.!Corp. of
Gibson Heal treall!!c. America
H.oosen-BIIIk Steel 'rreating Kea1- Tha.J:ing IDe.
Heal-Treating Inc. 'HJnderlilClr .HeaI Treating
Hi-Tecb Steel Treating .Inc. 1De.-A!1abeim
Hinderliter Heal1'realing Hlliderlill:r Heal.Treating

1oc.-lWsa Inc. - Ti!fZmIa
Horizon Steel T=ling Inc. Horizon Sleel'l'mating Inc.
Hous1Dn flrune Hardening lltiana Heat Treating IDe.
llliana HeaI1'reaLing IIlC. Induaioo Metal Treuting 'Co.
lnductioo Me!!!l1ieaIing CO. Indusu:iaJ Metal Treaung
101mV. Potero Co.' indU..<tt:ial Steel Treating Inc.
Kowalski Hea! Treating Co. Ja.sco Heat Treating Inc.
M & M Heall'reaI Kowslski Heal TI.'imm& ~O'I
Metal. Improvement Co.- Lake County Steel TreatJ..1!g

McLemllWichiUl Lawrence Industries inc. '
MetaIlllrgicai Inc. Lindberg Heal1'reming Co.
Ml!1-Tek 1De.-'Rl!cine -Berlio
Michigan H!Illle Hardening lindberg Heat Treating Co.
Mid-West flame Hardening -'Houston
Mid~lem Machincty Co. :I..indberg Heal Tleming Co,
NatiooaI!nductioo HeaIiJIg -MdJme Prut
Ohio MeIJlIJwgicai Service Lindberg Heal. r-n>llli!!g Co.
.Plenna f1rune 1ndtJstIWl1nc. --Racine

Metal Trnprnvemenl Co.
-laCayeue,

MellI! Improvemenr Co.-
Mcl..canlWichim

Me.tll.Ilurgicallnc.
Metals Technology
Medoo,Co.
Met-Tek Inc.-'Rocirre
Midland Metal Treating Ire.
Mid· West flame Harden:inll
Natkmal Broad!
National Induction Heating

enIeson SleellfeaJing
Ohio Metaltwgical Service
P & L Heat Thanng &

GriJKting
~Od!g.bo*
Ii'boeni.x H -••TmltiOg fiIc.
Progressive Steel Treating
Radnc Heat Treining 'Co.
Rot.aIioo ProdUCIS Corp.
S.K.S. Heal1'reatil1B Inc.
Scot: Forge
Soeee Heru Treating Corp.
Specialty Steel Trealing-

Fraser
SlilleH~ 'lrear Inc.
Sun Steel Treating
Suncoast Heal Treating-

Orlando
SIIIlCOOSI He.u Treating-

Pompano Beach
Superior Me!llI11eaIing
Syracuse Heal Treating
T. N. WoodwortJ! Inc.
Them:wI TreaIm!:Ilt Ce!!ler
Thenno Electron Ml:IaI

Treating J[)iv.
Trear All Metals Inc.
Walker Heat T_inS
Wnshing/oo Me!alJlIrgicaI

Services
Weslliide flame Hardening
Wohle.I'ICatp.

HOT OIL.QIIENCH1NG
ASS Metallurgical

~lnc.
AIro Heal Treating Corp.
Alpha.IHe.at Treaters Div.
American Heat Treating
AImosphere Am!eaI..lI\g 1!!C.
Beehive Heal Treating Inc.
Benedid.-MiDer Inc.
Benne!I Hear1'relJ.ting &

Brazing Co.
Bodyc<llClHinderlilel'

1"hemIaI Processing
Bomak Cosp,
Burbank Steel Treating Inc.
Carolina. Commercial Heat

Treating
Century Sun Metal. Treating
Certified Heall'realing IDe.
Certified Metal Cmft IDe.
Cincinnati (lear Co.
Cincinnati Steel Treating
Cily S~ 1'reatingloc.
C1evela!!d flame

Hardening Co.
'COmmm:Ial SIl'd Tmlting
CilSIOOl Heal Treating Co.
Detroil Steel T~ng Go.
Disstoo Precision Inc.
Dixje Hem 1'reating Co.
Dixie Machine & Heal

Treating In.:.
Drever Hea! TrealLllg
EusI Carolioa Mellil

Trealinglnc.
Eckel. He.at Treat
EdwW'ds Heat Tharing
Elmira Heal Treati.J'lg
Engineered Heal Treallnc.
Erie Steel, Treating Inc.
Euclid Heat Treating Co.
Feinblanking lid, .
Fenron Hca! T=ling

I'm !l:el Trealml! Co.
.FPM Heal T!reating-

Elk Grove
,FPM Ipsen Heat Tre3ling
FPM MjJwillLkec
Franklin leel1'reatil\g Co.
(Jenera! Heat Trealing
Geneml Metal :l1Ical

Treatlngln£.
Gibson lieal TreI!Ill'IC.
Hansen-Balk SteelTre.nin.g
HaullllRlchDlondlnt.
Hem Treat Corp. ,of

Amenca
Heal-Treating Inc.
Hl·TIlI,-h Steel TrtlI!Iing Inc.
H] TecMdal Group-

Cleveland
Hinderliler Heat Treating

Inc. -ThJsa
Horizon Su:el Treating hie.
Huron MetallurgiculInc.
Illiana iH t Treating Il'IC.
lnducIioo Mew Treating Co.
lndu~lrial Metal Treating
Industriul Steel Th:aIing Co.
Industrial Steel Th:ating Inc.
Irwin Aulomation Inc,
Jasco He,,!.Tre.!i nil Inc.
J'oIm V. i'oteroo.
Kowalski Hcat l'rcnling Co.
Lexington Henl That Inc.
LindbcIJ lieal 1're!!!illg Co. '

ew lilerlin
Undbcrg Heal TreatIng

Co.--R.acine
M & M Heat TreaI.
M.J!8!II!I!! Metal TOeI!!:ing
Merit Gear Corp.
Metal Treating & RCSelIICh
Metal Improvement Co.

-Columbus
Mell!Jlmpro\'emen! Co.-

McL.eanlWichilll
Metallurgical Inc.
MelaUurgical Proce ssLng
Metah Engineering Inc.
Metals TectmoJogy
MeUahCo.
Meeo Steel TreiIIing
Met-Telt 1De......cIackamas
Mel·T~k Inc.-Racine
Mid-West F1wne Hardening
MidwfNeI11M~ Co,
[odmllndnstrla Inc.

O\no MeIlIIlurgiCl1! Service
Paulo ProdocIs Co.-

Bi.nningham
Paulo J>roducL~ 0.-

Nashville
Paulo Products Co.-

S!. Louis
Pennsylvania Melullurgical
Pit!-Tex Inc.

, Progressi ve SIlEI r-reatil1K
Racine H_!!I irealin Co.
Rochester Steel Treating
S.K..S. Hcul Treating .1De.
Sooce Heal. T=ling Corp.
Southeaslern Heal Treating
Specirul}' S!eel ~..ng-

Farmin~ .I'lills
Specially Sleel1'=ling-

Frnser
un Sleel Treatmg

Sun=ISI Healn-cuting--
Ori1mdo

SunCOllStHeat Th:l!ting-
Pompano B£aCh

Thenn 1bch of Waukeslm
Thetm.ul TrelItmenl Center

, Thenmo T!'e3lers LId.
Tre<!!All Metals Inc.
Washington Metallurgical

SeNices
WCl>lside Flame Hmlening



_----------1 HEAT TREAllIN'G SERVICES DIRiEICTO,RY _
INDUCTION HARDENING
A.d, anced Heat Treating
AllvllOCed Hea! Trea\ COI'p.

-Monroe
Advanced Hear Treat Corp.

-Wa1erloo
AjuM~Corp.
Aloo Heal T~ COIp.
AJpha Hel.!l Tte;il.rn Diy.
AmeriaIn t.1et 1readng G
~ Met Trea!l!!g Inc.
Beehive Heal. Treating Inc.
Ik~CI·MIlIe:r Inc.
Bennett Heal Trealin &:

Brazing Co.
BodyCO!ell£nderliter

Thermal Proces.<ing
Braddock Mell!llu.IgicaJ
BlICyrus In!l!mational Ioc.
Carolina Commercial Heal

Treating
Caterpillar Indl:I5lrial

Product. Ire.
Certified Hea~Treating Inc.
Chicago Induction
Cincinnati, Gear Co.
Cincinnati Steel Treating
Colem:m' _n:iaJ, Heat

Treating
Comrnereial lndt .•ction
Conloor Hardomirlg me..
Dixie Mocltil1e &: H

Treating Inc.
Drever Heal Tmmng
East Carolina Metal

TreatingIre.
Edwurds Heat treating
Elmira Heal. Treating
Euclid HealTreatiJ1g Co.
FaI~"'trg,. Co.
Flame Metals Processing
Awurol M:mufacll.tring Inc,
Fnmklin SI«I Treating Co.
Gear Comp;my of America
General Heal Treating
Gibson Heal Treat lee,
Good Earth Tools. Inc.
Hallm Ricl!moIld Inc,

1 Heal Treat Corp. of
America

Heat-Treating Inc.
Hi-Ted> Steel TrealiIIg Inc,
H! ,ecMetaI Group-

Cleveland
Hindmiiter Heal Treati.ng

Inc.-A.nal:ieIm.
Hi!ide:rliter Heal T=tiI1g

Inc.-Tuba
Horizon Steel Treating Inc.
Uliano Hea! Treating Inc.
Impact SII1lil:gie-' Lno::.
lnduction ScM.= Inc.
Irductioo M.1:!aI Trearing Co. '
Induction Heal Treating I

IndUl.1DbeaI Inc.
fi"odllsui:il MeI!ll Trearing
1ndu..<;I)fuI SIccl Tre:!ling Co.
International Induction Inc.
Jaseo Heal Treatin.g Inc.
John V. PtIIero Co.
Lawrence Industries Inc.
LuingJO!! Heal Treat Inc.
~ Heal Tn:atiJlg Co. !

-Houston ,
Lindberg Heal Trea!lng, Co. I

' elrose Pm'\;:

I

~~t1"reatini\Co.

lindberg. Heal. Treating Co.
-SLLoois

M.J!lIlIin.gS U.S.A
M...3S!er Heal Treating Inc.

: Merit Gear Corp.
Metallmprovemem Co.-

McLeanlWlCbim
Metal Processing Co.
Metal Treeters IIIC.
MeIlIlltcrgicallnc.

Metals Engil10ering lnc.
Met-Tek Inc.-Clackama!;
Mel-Tet [nc.-Racine
Michig;m .lndm::tion!nc.
Midland MeIlIl1tealing Inc.

, Mod~m Imlustri;!s Inc,
Moloo Gear &: Shaft
Nationallndoction Heating
National Mctal Processlng
o & W 'Heat Treru Jnc.
Ohio, MeIUlIurgicaI Service
Paulo Products Co.

--I<rulsas Cily
P\wlo ProdIlClS 'Co.

-Memphis
Paulo Products 'Co.

- ashville
Paulo Produc1S Co.

-SlLouis
J>etmsylvania Melallurgieal
Pili-TeA [nco
Pn:iCrnon Heal Treating
RaciI1e Heal Treating Co.
RevasEngineering Co.
Roboductkln "Ibennal

Processing
S.K.S. Heal Treating Inc.
Soolbeaslem Heal Treating
S-pecinl!y H",,1. Treating Inc,

-£lkIwt
Specially Heat Treating Inc.

-Grand Rapids
Specialty Heat Treating Inc.

-HbUWld
SIa!e Heal T.teal Inc.
Steel Tteat=.Inc.
Steel Treating
S~ HeaL Treating-

Pompano Beach
SunooasI. Heal Treating-

Tampa
Superior Mew ,rea1iIlg
Syracuse Heal1'rea1ing
ThennnI Braze Inc,
'I11ermo.lTreatmenl Cell!er
Tbermel Inc.
Thenno Electron Metal

TrealJng Div.
TIlJ;XQ. Inc.
TreaI. AJI Me!.als Inc.
WaSbinglali MeIUlIurgical

Services
Weslliide Flame Hardening
WoI!len Corp. .
Zion 1ndu..'>Ilies

lION NrnRlDlNG
A,t. anmI MeIo.llwgicall

Teclmolog)'
Adv:rnced Heal Treal. Corp.

-' 'ooroe
dvanced Heal Treat Corp.
-Waterloo

AMI" Monroe loc.
Century lID Metal1'reating
Cincinllllli Gear Co.
Fox SleelTreati.ng Co.
!'PM Heat Treating-

Elk Grove
FPM ~ Heal Treating
Hansen-Balk. Steel Treating
Hiluni, Rkbmond inc_
H! TecMdlll Group--

QeveJand
Impao;I S!!ategiJ Inc.
Magnum Met!! Treating Inc.
Progressive Engineering Co.
Solar ·tmosphen.'lI loc.
Sooec Heat Tre4ting Corp.
Sun Steel Treating
Thermal TreaImenl Center

lASER HARDEN1N.G
Cincinnati. Gear Co.
National Mell!l f'itx:essing
Weiss indl!Slries Inc.

NmuDING
Accurate SIee.ll'reuting
No",,:! Metal Tru\tinll
AIm Hea!. Treating COIp.
Americ;m Mel Trealing Inc.
Benedict-Miller Ii!C.
Benoen Ileal Treating &,

Brazfng Co.
BodycotcJHil1derliteT

1ben:nal Processing
Braddock Met.allurgiCai
Burbanli: Steel Treating Inc.
Cai-Doran Divisi.on
Caterpillar lndusIriaJ

Products Inc.
Cincinnati Gear Co.
Cincillhau Steel Treating
City Steel Treating Inc.
,~ tee! 'IrmIi.qg
Custom Heat T!'e!!ti.ng Co.
Drever Heat Treating
Dynamic Metal Treuli.ng
East Carolina Metal

Treating loc.
Elmira tkaI Treating
Engineered Heat Treat Inc.
Erie S!;.'el TreatingInc,
E!!clid Heal Treating Co..
Fllirlkld Mr •.. 'Co.
Fa>; Sled Treating Co.
!'PM HealTrcating-

Elk Grove
FPM Ipsen Heal Treating
FPM Milwaukl!e
General Mcll!1 Heal

TrelItiIIg Inc,
Grand Rapids Heal

Treating Co.
H &, M Mellll Processing
HlI!lSe!l·BaIt Steel Trea!ing
.HI TocMeTa:l Group->

Cleveland .
Hinderliler Heat Treating

[nc.-Anaheim
Hinderliter Hea! Treating

Inc.-DalLas
Hi!lderllter Heat Treating

!nc.-1'arzID.ul
Hindel11i!et "lea! T:reatlng

Inc.-11dS!! .
Horizon Steel Treating Inc.
Hydro-Viii:
Illiana Hem Treadng Inc,
Impact StI1!legies l!ic.
l!xIucticoo MdaI Treating Co.
Industrial Mel:ilTrealing
Industrial Steel Treating
JiISQ) Heal Treating Inc.
L!!ke Counly Steel Treating
Lindberg Hero. Treating Co.

-HOI!>tOh
Lindberg Heat Treating Co.

elrose Park.
Lindberg Heat Treating Co.

-Racine -
LLndberg .HeatTreating Co.

I. Loois
Merit Gear Corp.
MeIl!llJnprovl!tnelll o.
MCIaI·Te.c Hea! treating Inc.
Metallurgical Inc.
Metal. Technology
Meili!bCo.
Metro S!eel1'teating
Mel·Tek Inc. ackamas
Modem l!!dl!Stries Ioc,
M.n&rn Steel Treating
Niltex Melallnc.
Nitro- 'lac ·Heat Treati..1Ig
Nitron Inc. -
o &, W Heal Treat Inc.
P &; Ll:leal. Treating &

Grinding
Peters Heal Treating lee.
I'boem Heal1IreatIng Inc.
Precision He!!! Treating
Rocbesrer Steel Treati:!ig
ROWioIl Products COIp.

Shore Melnl Teclmnlogy Inc.
Specialty Hlml Treating Inc.

~El.IdWt
I

Specialty Heat Treating Inc. I

-Grand Rapids
Specinlty Hila! ll"enting Inc.

lollaod
Speciulry Stecll\"cating-

Fraser
Sreel1'rea!.ers., Inc.
SUl! Sreelll"enting
Sureoast Heal Treatiog-

Orlwxlo
S\!!lCOO.~Heat Treating-

Pompano Beech
Suocoast Heat Treating-«

Trunpa .

Syracuse Heat Treating
T. N. Woodwortlllnc.
'Ibonll Tech or Waukeshu
Thermal Trea!!Ilent Ce!\ler
Treai AJI Metals Inc.
Tl1l1l~CIndustries
'Universal Heal Treating
Walker Heal Treating .

NlmOCARBURlZlNG
Moo Heal Treating Corp.
Amcriam Mel. lreating Inc.
Benedier-Miller Lnc. .
Bermel:! Heal Treating &:

Brazing Co.
Bod.yoolelHinderliler

Thermal Processing
Carolina Commercial Heal

Treating
1 Cincinnati Gear Co.

CillCinnati Slcclll"enting
City Steel Treating Inc.
Cornmm:iall Sli:dl Dwling
Dynamic Metal Treating
Erie Steel Treating Inc.
Euclid Heat Treating Co.
Fairllfldl M(g. Go.
Flame Metals ~essillg
1'0. S!eellreating Co. .
!'PM Heat Trealing-

Ell Grove
!'PM I~n Heal Treating
!'PM Milwaukee
Gear Compally of America
Hansen-Balk S!eeI1J"eaJ.ing
Haunl Richmond Inc.
Hinderliter HcUI ,reating

Inc. -A.tud!eirn
Hindetliler Heal ire.ati.nS

!nc.- Tru:wna
Hinderlirer Heal Treating

lnc.-Tulsa
Illiana Heal Treating [nco
ImpaC1. SlI1lil:giC!.Inc.
lnduclion Metal T:reariJ!g Co.
Industrial Sreelll"enting
Jasco Heal Treating Inc.
Lindbera HeIlI T:reati.l!g Co.

-Hooston
Lindberg Hea! Treating Co.

-Melrose Park
Lindberg Heat Treating Co.

-New Berlin
Lindberg HeaL Treaing Co.

-Racine
Lindberg Hea! Treating Co.

-Rochester
Lindberg Heal Treating Co.

I.LoWs
Merit Gear Corp.
Met.allu:rgicallnc.
MeInIs Teelmol.ogy
MetlabCo.
Metru Steel Trealing
Mel- Tek Inc.--Clackrunas
Mel:il·Tec Heal Treating
.Modem IndJustri Inc.
NilNx MdallllC.
Paulo Products Co.-

Birmingham
Paulo Products Co.-

fUURANGEOF
HEAT TREATING SERVICES

AT ONE LOCATION
'. High Volume Belt &: Batch furnaces
'. Computerized Furnace &: Atmosphere Conlfors
• Vacuum Hardening & Nitriding ofTool Steels
• Full Metallurgical Testing Services
• S.P.C. and Special Programs

613 Wes1 Uth Slr,el,. Erie. fA 165U
(814),455-11061- Fal( /8,14) 4541-309111

COMMERCIAL HEAT TREATING
COMPLETE METAllURGICAL SERVICE

Vacuum Heat lrea,ting, • lonitriding
Carburizing • Annealingl • Stress Relieving

Deep Freezing • Black Oxide Coating
Metallurgical Consultation

Hardness Testing • Chemical Analvsis

~ 1 HAUNI RICHMOND
~'ICharI8s City Rd .., lI!iChmODd. VA 23231
Phone: (804I,.222.·~!i2c62• F x; 18D4) 23fj~5284

USE lOUR; PRiEC·IS,fOINI &
QUAUTY IFOR AILL YOUR

HEAT TR'EAT NEEDS
FIIIlY,pproved ! 'y AarosplCBI. IMilitary.

Commln:ial '& N'ue!alf IDlIllSllias
Contact F~ankSkully for Tacbnical ' Quoting

GENElIAL METAL HEAT TREAliING, INC.
I!I.U ADDISON RD.

tLIEVELAND'. OHIO' 4410S
'[216\391..(1886 X 2!i .IFAX~ 1Z1613!lHI890

Circle 185

FAIRFIELD
GEARED fOB EXCEUfNCE

ICOMMERCIAL HEAT TREATING
• OVER 60 FURNACES & THEllMAl TREATMENT OPERATIONS'
-FUll RANGE OF CARBUIIIZlNG. NI1IlIDING. NORMAUZlNG,

ANNEALING. QUENCHING. TEMPERING, PEENING,
BlASTING,INDUCTlON&. STRAIGHTENING SERVICES.

• RJLl METAllURGICAL LAB
• CONTACT: R.J :ROTHCHILD. MANAGER (3111414·3.\14

IfAIRFIELDIMANliFACTURING ICIlMPANY, INC. I
U.S. 52 SOUTH. P.II,. IBOII 7!I4n

LAFAVE1liE.IN 47!Ml3.794O

Kansas eil)'
Paulo Products Co.-

Memph"
Puulo Prod!K:ts Co.-

Murfreesboro
Pnulo Produc1s Co.-

Nashville
Paulo Products Co.-

-Ell;.han
Specialty Hw 'rea\i.n- Inc. 1

Specinl':;~I:P~ 111C'1
-'-:H'oIIJlJ1d

SUOCOOSI Hell.1 Treming-
Pompano Beach

SyroCU'IC Heat Treann
Thenn Tech or Waukcsh!l
Tbermal Treatmem CI:I!tl:f
Tnaec Indusmes

S!. Louis
Pennsylvania MemlJurgical
Peiers HeatTreanng Inc.
Rloeolx Heat Dwtll1g Inc.
Rochesler SIl!e1Treating
Shore Metal TeclmolQgy
Special!)' HCiJ!T=ling Inc.

-Athens
S,pecinlty H/llit T~ting J.nc.1

NOR1JLAU2lNG
AS . !l>klallwgll;al

~<OIS!nc.
Accurate Steel Treating
Advanced He.al Th:aIiog me..

MA"'CHIAPIIII. 1187 3,1



_----------11 HIEATTREATING, SER.VIICES DIRECTORY _
Advan<:ed Metallurgical

Technology
_dvanced Thermal
Technologies

Albany Metallrefiting
Aleo Heat Treating cOrp.
Alliance Metal Treating
Alpha Heat Treaters Div,
AmeriCl!!l Brazing
American Heat Treati-ng
AIDerican Mel. Treating Inc.
Atmosphere Annealing Inc.
Beehive Hea[ Trealing (nc.
Benedict-Miller Inc,
Bennett Heal Treating &

Brazing Co.
I Bodyro1elHindciliter

ThermalProcessing
Bomak Corp. .
The Bowdil Co.
Braddock Metallurgi.cal
Braddock Metallurgical

Alabama
Brazing & Metal Treating

=Cleveland
Brnzillg & Metal. Treating

ofKY
Brazing & Metal, Treating

ofMN
Brite Brazing
Burbank Steel Treating [nco

I Cal-Doran Division
Carolina Commercial Heat

TrealIDg
CaterpiUar Industrial

Products
Certified Metal Craft Inc.
Certified Heat Treating Inc.
Cincinnati Flame

Hardening
Cincinnati Gear Co.
Cincinnati Steel Treating
City Steel 'Ireaung Inc.
Coleman Commercial Heat

Treating
Commercial Induction
~ Steel Treating
CUSfDmHeat Treating Co.
Detroit Steel Treating Co,
Diamond Heat Treating Co.
Disslon Preci i<m Inc..
Dixie Heat Treating Co.
Owe MaChine & Heat

Treating Inc.
Drever Heat 1'reating
East Carolina Metal

Trea.ting Inc.
East-Lind Heat Treat
Eckel Heat Treat
Edwards Heal Treating
Elmira Heat Treating .
Engineered Heal Treat Inc.
Erie Steel Treating Inc.
Euclid Heat Treating Co.
Fairfield MIg. Cn.
Feinblanking LId.
Fenton Heal Treating
Flame Metals Processing
Fox SIee.ITreating Co.
FPM Heal. Treating-e-

Elk. Grove
FPM Ipsen Heat Treating
fPM Milwaukee
Franklin Steel Treating Co.
Gear Company of America
General Hear Treating Corp.
Generall Meg'l, Real

Treating Inc.
Geo. H. Porter Steel

Treating 'Co.
Gibson Heat Treat Inc.
Grand ~ids Heal

Treating Co.
Hansen-Balk Steel Treating
EhnmllUcluoond Inc.
Heat Treat Corp. of

AmeIica
Heal Treating Services
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Heat- Treating Inc.
, Hi-Tech Steel Treating Inc,

m Th<:MetaI Group->
Cleveland

Hinderliter Heal Treating
Im::.-Arlllheirn

Hinderliter Heat Treating
Inc.=-Dallas

Hinderliter Heal Treating
Inc.-11lrnma

Hinderliter Heal Treating
[nc.--'Thlsa

Hitech MetaUurgicaJ Co.
Horizon Steel Treating Inc.
Horsburgh & Scott Co.
Hy- Vac Technologies Inc.
Hydro-Vee
Illiana Heat Treating Inc.
Tmpacl Stralegies Inc.
I'nduction Metal Treating Co.
Industrial Meta.! Treating
LnduslriJl! Steel TrealiIlg Co.
Industrial Steel Treating Inc.
Irwin Automation Inc,
Jasoo Heal Treating Inc.
John V. Potero Co.
Kowallki Hear Treating Co.
Lake County Steel Treating
Lawrence Industries Inc.
Lexington Heal Treat Inc.
Lindberg Heat Treating Co.

-Berlin
Lindberg Heat Treating Co.

-'Houston
lindberg Heat Treating Co.

-Melrose Park
Lindberg Heat Treating Co.

-RlK:ine
Lindberg HeatTreating Co.
-Sl Louis

M &. M Heat Treat
Magnum Metal Treating
Master Heal '!Ieatinglnc.
Merit Gear COIp.
Metal Improvement Co.

-Columbus
Metal Improvement Co.

~Wayette
Metal Improvement Co.-

Mc.LeanIW!Chita
Metal' Me!hods
Mellll1'renting &. Research
Metallurgical Inc.
Metals Engineering Inc.
Metals Technology
MetJabCo.
Metro Steel Treating
Met· Tek Inc.-Clackamas
Met·Tek Inc=-Racine
Midland Metal Treating Inc.
Midwestern Machinery Co.
Modern, hlilusmes Inc.
Modern Metal Processing
Moonlllin Metallurgical
National Broach
National Metal Processing
Netclesoo Sleel Tn:ating
Nitro- Vac Heat Treating
'0 &. W Hear Trear Inc. ,
Oakland Metal Treating Co. I

Ohio Metallurgical Service
P &. L Heal Treating &

Grinding
Panek Laboratories Inc,
Paulo Products Co.-

Birmingham
Paulo ProdoclS 'Co.-

KansasCilY
Paulo Products Co.-

Memphis
Paulo Products Co.-

Nashville
Paulo Products Co.-

St. Louis
Pennsylvania Metallurgical
Peters Heat 'Treating Inc.
PIKlenb: Heal Treaiing Inc. I

Pitt-Te .. lnc.

Precision Heat Treating
Progressive Steel Treating
Racine Heat Treating Co.
Rochester Steel Treating
Rotation Products Corp.
S.K.S. Heat Treating lnc.
ScolForge
Shore Metal Techoology
Solar Atmospheres Inc,
SOOl~eHeat Treating Corp,
Soulfleastem Heat Treating
Specialty Heal Treating Inc.

~AlbellS
Specialty Heat Treating lne,

-ElkbJlrt
Specialty H~J. Treating Inc.

......(Jrnod Rapids
Specialty Heat Treating Inc.

-Holland
Specialty Steel Treanng->

Fraser
Stale, Heal Treat Inc.
Steel Treaters, loco
Sun. Steel Treating
Suncoast Heat 'frealing-

Orlando
Suncoast Heal Treating-

Pompano Beach
Suncoast Heat Treating=-

Tampa
Superior Metal Treating
Syracuse Heat Treating
T. N. Woodwnrth Inc.
Thenn Tech of Waukesha
'Ibennal Mew Treating
Thermal Treatment Center
Thermo Electron MetaJ

'IreatiJ18 Div.
Thermo Treaters LId.
TracThcb

I Trent An Metals [nco
Trojan Heat Treat loco
Universal Heat Treating
Vacu Brnt.e
Walker Heat Treating
Wall.Colmonoy Corp.
Washitlglon Metallurgical

Services
Weiss Industries Inc.
Wahlert Corp,

PLASMA CARBURIZlNGi
Cincinnati Gear Co.
m TecMetal Group-

Cleveland

PRESS QUENCHINGi
Benedict-Miller Inc.
Benneu Heal. Treating &

Brazing Co.
Burbank SI!:eJ Treating Inc.
Caterpillar lndustnal

Products Inc.
Cincinnati Gear Co.
Cincinnati Steel Treatlng
Engineered Heat Treat Inc.
Euclid Heat Treating Co.
Fairfield Mfg. ,Co.
Franklin SI!:eI Treating Co.
Gibson Heat Treat lr!c.
The Gleason Works
Heat Treat Corp. of

America
lmpact Strategies Inc.
lndilslrial Steel Treating Inc.
Jasca Heat Treating Inc.
Kowalski Heat Treating Co.
Lindberg Heal Treating Co.

-Racine
Lindberg Heat Treating Co.

-St.Louis
Metallurgicallnc.
Metals Technology
MetlabCo.
Mountain Metallurgical
.ohio Metall!!lgical Service
Pboeoix Heat Treating Inc.
Robodoction Tbermal

Processing
Specialty Steel Treating-

FanningtOn Hill,
Specialty Steel Treating-

Fraser
Treat All Mellils Inc.
Was.hington Metatturgical.

Services

SAlT BATH NIlRIDING
Alpha Heat Treaters OJ,,.
Beehive Heat Treating Inc.
Bomak Corp,
Cal-Doran Division
Cincinnati Gear Co.
Commen.ial Steel TreaJing
East-Lind Heat neat
Engineered Heat Treat Inc.
Fen!OO Heal 'freating
Flame Metals Processing
Fox Steel Treati ng Co.
H & M Metal Processing
HI TecMetal Group-

Cleveland
Jlllana Heal Treating Inc.
Induction Metal Treating Co.
Jasco Heat Treating Inc.
Lake County Steel Treating
Lexington Heal Treat Inc.
Lindberg He<l1Tfel!ting Co.

-New Berlin
Lindberg Heat Treating Co

~Racine
Metals Technology
National Broaclt
Nitro-Vac Heat Treating
.0 & W Heat Treat Inc.
Superior Metal Treating
Trutec Industries
Walker Heat Treating
Wear-Ever Surface Treating
Weiss 'Industries Inc.

SINTERING,
Allread Products
American Brazing
Benedict-Miller Inc.
Bennett Heat Treating &

Brnzing Co,
Certified Metal Craft Inc.
C"lIlCiooati Gear Co.
FlIlXtrOIManufacturing Inc.
Hinderliter Heat Treating

Inc.-Tarzana
Hitech Metallurgical Co.
HiTech Aero
HTG Aerobrnze
HyNac Technclogies Inc.
Hydro-Vac
llliana Heat Treating Inc.
lodocOOn Metal Treating Co.
Metal Improvement Co.-

McLeanlWi.chita
Metal Technology
Modem Metal! Prooe sing
PennsyJllanla Metallurgical
Solar AlIOOSpberes Inc.
Specialty Heat Treating [nco

-Athens
Specialty Heal Treating Inc.

--Elkhart
Specialty Heal Treating Inc,

-Grand Rapids
Specialty Heal- 'Il'eati.ng Inc.

-Holland
Suncoast Heat Treating-

Orlando
Suneoast Heat Treating-

Pompano Beach
Syracuse HeatT~ating
Walker Heat Treating

S11IESS iRElIEVlNGI
ABS Metallurgical

Processors I!!C.
Accurate Steel Treating
Advanced Heat Treat Corp.

-MOIlf'Clc:

I Advanced Heat Treat Corp.
-Waterloo

Advanced Heat Treati...ngInc.
Advanced Metallurgical

Technology
Advanced Thermal

Technologies. [nco
Ajax Magnelhermic Corp.
Albany Metal Treating
Alco Heal Treating Corp.
Alliance Metal '])eating
Alpha Heal Treaters Div,
American Heat Treating
American Met Treating Inc.
AMT Monroe Ioc,
AilIIOSphereAnnealing Inc.
Beehive Heat Treating Inc.
Benedict-Miller Inc.
Bennett Heat Treating &.

Brazing Co.
BodycoteJHiMierliter

Thermal Processing
Bomak Corp,
Bonal Technologies Inc.
The Bowdil Co.
Braddock Metallurgical
Braddock Metallurgical

Alabama
Brazing &. Metal

Trealing-Cleveland
Brazing &. Metal Treating

ofKY
Brazing &. Metal Treating

ofMN
Brite Brazing
Brite Metal Treating Inc.
Bu.cyrus International Inc.
llwbank Sl'eel T:mli1l8 Inc.
Cal-Doran Division
Carolina Commercial Heal

Treating
Century Sun Metal Treating
Certified Heat Treating Inc.
Certified Metal Craft Inc.
Chicago Flame Hardening
CincinnaJi I"llIme

Hardening Co.
Cincinnati Gear Co.
Cincinnari Steel Treating
City Sleel Treati..11gInc.
Clevefand Harne

Hardening Co.
Coleman Commercial Heal

Treating
Commercial Induction
'Coounemal teel 'IlI'eatlng
Cooperheat Inc.
Custom Heat !\'eating Co.
Delphi Engineering &.

Contracting, me.
Deunit Steel Treating Co.
Detroit Flame Hardening
Diamond Heal Treati ng Co.
DisstOll Precision Inc. -
Dixie Heat Treating Co .• Inc.
Dwe Machine &. Heal

Treating Inc.
Drever Heal Treating
East Carolina Metal

Treating Inc.
, East-Lind Heat Treat

Eckel Hea 'Freat
Edwards Heat Treating,
Elmira Heat Treating
Engineered Heal Treat loc.
Erie Steel Treating Inc.
Euclid Heat Treating Co.
Falrfield Mfg. COl
Feinblanking -Ltd.
Fenton Heal Treating
Flame Metals Processing
Fluxtrol Manufacturing Inc.
fox Sl!:el1'reating Co.
FPM Heat Treating-

Elk Grove
FPM Ipsen Heat Treating
PPM Milwaukee
franklin S~l Trea!ing Co.

General Heal Treal:ing Corp.
Cene.rul Metnl Heat

1iXealing Inc.
Geo. H. Porter Steel

Treati ng Co.
Gibson Hear TI1:lII.Inc.
Global Heat. Inc,
Grand Rapids Heat

Trealing Co.
Ii& M Metal Processing
Hansen-Balk Steel Treating
hawd Rkhmond [DC.
H~I.-Treating Inc.
Heal Treating Services
Heat Treet Corp, of

America
Hi-Tech SI!:e:I Treating Inc .
HI TecMetal Group-

Cleveland
Hinderliter Heat Treating

[nc.-Anaheim
llinderlicer Heat Treating

Inc.-Oall!\S
Hinderliter Heal Treating

Inc.-Tarzana
Hinderliter Heal Treating

Inc.-Thlsa
Hitecb Metallurgical Co.
Hi'Iech Aero
Horizon Steel Treating Inc.
!iorsbl.Lrgh&. Scot! Co.
Houston Flame Hardening
HTG Aerobraze
Huron Metallurgical Inc.
Hy- Voc Technologies Inc.
Hydro-V<!C
Illiana Heat Treating Inc .
Impaa Srraregies Inc.
Induction Metal Treating Co.
Induction Services Inc,
Indnctohea.! Inc,
Industrial Metal Treating
Iedustrial Steel Treating Co.
1ndw;1rial Sleel Treatinglnc.
Irwin Automadon Inc:
Jasco Heat Treating Inc.
JCS Engineering &

Developmem
John V. Potero Co.
Kowalski Heal Treating 'Co.
~ County Sreel itcaIing
Lawrence Industries Inc.
Lexington Heat Treal Inc.
Lindberg Heat Treating Co.

-Berlin
lindberg Heat Tieating Co.

-Houston
Lindberg Heat Treating Co.

-Melrose Par:k
Lindberg Heal Treati ng Co.

-RllCine
Lindberg Heat Treating Co.

-.Rocbester
Lindberg Heal Treating Co.
-St Louis,

M &. M Heat Treat
Magnum Metal Treating hie.
MaIlI1ings U.S.A -
Master Heat Treating Inc.
Meril Gear COIp.
Metal Treaters Inc.
Metal Improvement Co.-

Columbus
Metal Improvemem Co.-

Lafayette
Metl!llmprovemettt Co.~

McLeanfl'\lichlla
Metal. Methods
Metal Treating &. Research
Melallurgicallnc.
Metalluriicul Processing Inc.
Metals Engineering Inc.
Metals 'Technology
MeUabCo.
Melro SI!:eI Treating
Mel·Tek 1nc.-CIaclwnas
Met-Tek .[nc.-.Racine
Micbigan Flame Hanlening
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_---------- H!EATTREATIN:GSERVmES mRECTO:RV _
Michigan Induction Inc,
Midlwld Metal Treating
Mld- Wesl Flame Hardening
Midwestern Machinery Co.

fudem lndll$tries 11K.
Modem Metal Processing
Mountain Metallurgical
NatklDalB~
National Induction Heating
National Metal Processing
Neuleson Steel Treating
NiIi'lrVac Heal Treating
Oakland Metal Treating Co.
Ohio. Me!a1lmgical Service
Panek Laboratories Inc.
Paulo Products. Co.-

Birmingham
Paulo Products. Co.-

Kansas City
I Paulo. ProdllCt, Co.-

Memphis
Paulo Products Co.-

Nashville
Paulo. Products Co.-

S!. Louis
Pennsylvania Me!i!llurgical
Peters Heat Treating Inc.
1'tl!!!lft'·M!!!!g Culling TOOls
Ii'boenix Heat Tl'euling Inc.
Pitt-Tex Inc,
Precision Heal Treating
Progressive Steel Treating
Racine Heat 'lrealing Co.
Roboduction Thermal

Processing
Rochester Stee] Treating
RoUltion Products Corp.
S.KS. Heat Treating Inc.
Scot Forge
Shanafelt Mfg. Co.
Shore Metal Technology
Solar Atmospheres Inc.
Sooee Heat. Treating COIp.
Southeastern Heat Treating
Specially Heal Treating

rnc.-Alhens
Specialty Heat Treati~g

Inc.-EIkhllrt
Specialty Heat Treating

Inc.-Grand Rapids
Specially Heal Treating Inc.

-Hnlland
Specialty Steel Treating-

Farmington Hills,
Specialty Steel Treating-

Fraser -
State Heat 'n-eat Inc.
Steel Treaters, Inc.
Sled I'reming
Sun Steel Treating
Suneoast Heat Treating-

Orlanda
Suncoast Heat Treating-

Pompano Beech
Suncoast Heat Treating-

Tampa
I Superior Metal Treating

Syracuse Hem Treating
T. N. WoodwOitll [nco
Thenn Tech of Waukesha
Thermal Treatmem Center
Thermet Inc.
Thermo. Electron Metal,

!=tingDiv.
Tbermo Treaters Ltd.
Tocco, Ioc.
Trac'Ieeh
Treat All Metals Inc.
Trojan Heal Treat Inc.
Trutec Industries
Vacu Braze
Walker Heat Treating
Wo.lIColmonoy Corp.
Washington Metall!!lgicaJ

Services
Weiss Industries Inc,
Western Stress Inc.
Westside Flame Hardening
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TEMl'EJlINGi
ADS Metallurgical

Processors Inc.
Accurate Steel Treating
Advanced Thetmal

Technologies Inc,
Advanced Heat Treating
Advanced Metallurgical

Technology
Ajax IIIgndbennie COlJI·
Albany Metal Treating
Aleo Heat Treating Corp.
Alliance Metal Treating
Alpha Heat Treaters Div,
American Brazing
AmericanHeat Treating
Americ;m Metal Processing
American Mel. Treating Inc..
AP Westshore
Armosphere Annealing Ioc.

I Beehive Heat Treating Inc.
Benedict-Miller Inc.
Bennett Heal Treating &.

Brazing Co.
BcdYOOlelH.indeiliter

Thermal Processing
BOItJiIk Corp.
The Bowdil Co.
Braddock Metallurgical
Braddock Metallurgical

Alabama
Brazing &. Metal

Treating-CIeveland
Brite Brazing
Brite Metal Treating Inc.
Burbank Steel Treating Inc. I

Cal-Doran Division
Calumet Surface Hardening
Carolina Commercial Heat

Treating
Caterpillar Induslrial

Products Inc.
Century Sun Metal Treating
Certified Heat Trearing Inc.
Certified Metal Craft Inc.
OIicago Flame Hardening
Oticaga Induction
Cincinnati Gear
Cincinnati Steel Treating
City Steel. Treating Inc.
Cleveland Flame

Hardening Ca.
Coleman Commercial Heat

Treating
Commercial Induction
Commerdal Steel Treating
Custom Heat Treating Co.
Detroit Flame Hardening
Detroil Steel Treating Co.
Diamond Heat Treating Co.
Disston Precision Inc.
Dixie Heat Treati~g Co. lnc.
Dixie Machine &. Heat

Treating Inc.
Drever Heat Treating
Dynamic Metal Treating
East-Lind tI~t Treal
East Carolina Metal

Treating Inc.
Eckel Heat Treat

I Edw;u-ds Hear Treating
Elmira Heal Treating
Engineered Heat Treat Inc.
Erie Steel Treating Inc.
Euclid Heat Treating, Co.
Fairfield 008 ..Co.
Feinblanking Lid.
Fenlon Heat Treating
Flame MemJs Processing
Fluxtrol Manufacturing Inc.
Fox Steel Treating Co.
FPM Heal Treating-

Elk Grove
FPM Milwaukee
Franklin Steel Treating Co,
Gear Company of America
General Heat Treating
Gencrnl. Metal Hcal

lrealing Inc,
Goo. H. Poner Stee'l

Treating Co,
Gibson Heal Treat Inc.
Grand Rapids Heat

Trel!llng Co.
B & M Metal Proce<;s:ing
Hansen-Balk Steel Treating
Haunt Rldtmond Inc.
Heat Treat Corp. of

America -
Heat-Treating Inc.
Heal Treating Services
H.i- Tech Steel Treating Inc.
HI TecMetal Group-

Cleveland
Hmdediter Heat Treating

[nc.-Anaheim
Hinderliter Heat Treating

Inc.-Dallas
Him:le.direrHeat Treating

Inc. - Tarzana
HLnderliter Heat Treating

Inc.-Tulsa
l-£itedl Metallurgical Co.
HiTech Aero
Horizon Steel Treating Inc.
Hors.burgh &. Seon Co.
HGUS10llFlame Hardening
lITG Aerobrnze
Huron Metallurgical Inc.
Hy- Va<: T:eelmalogies Inc,
Hydro-vac -
llliana Heat Treating Inc.
Impact Strategies Inc.
Inducnon Metal Treating
:rndu~tion Services Inc.
Indl.!CtOOeat Ine,
Industrial Metal Treating
Iodustrial Steel Treating Co.
Indll.,trial Steel Treating Inc,
Internationallnductioll Inc.
Irwin Automation Inc.
Jasco Heal Treating Inc.
res Engineering &.

Development
John V Potero Co.
Kowalskl Hear Treating Co.
Lake County Steel Treating
Lawrence Industries Inc.
Lexington Heat Treat Inc.
Lindberg Heur Treating Co,

-Berlin
Lindberg Heat Treating Co.

-Houston
Lindberg Heat Treating Co.

-Melrose Park
Lindberg Heat Treating Co.

--;Racine
Lindberg Heal Treating Co.

~Rochesllll'
Lindberg Heat Trel!!log.Co.
-8t Louis

M &. M Heat. Treat
: Magnum MeIlJJTreating

Master Heal Treating Inc,
Merit Gem Cnrp.
Metal Irnprovemeru Co.-

MCLeanlWichita
Metal Treaters Inc.
Metal Treati ng &. Research
Metal Improvement Ca.~

Columbus
Metal Improvement Co.-

Lafayette
M£ta1 Metbods
Metallurgical [nco
Metallurgical Processinj Inc.
Metals Engineering Inc.
Metals Technology
MetlabCG.
Metro Steel Treating
Met-Tek 1nc.--CIOCkamas
Met-Teklnc.~Racine
Michigan Flame Hardening
Michigan Induction Inc.
Midland Metal Treating
Mid-West Flame Hardening

Midwestern Machinery Co.
Modem Metal Processing
Modem 1ndustri!!S Inc.
MolOll Gear &. Shaft
Mountain Metallurgical
National Metal ..Processing
Natianal Induction Heating
NlltionPl Breaeh
Netlleson Steel Treating
Nitro- Vac Heat Treating
o & W Heat Treat Inc. I

Oukland Metal Treating Co. I

Ohio Metallurgical Service i
P &. L Heat Treating &

Grinding
Partek Laboratories Inc.
Paulo Products Co.-

Birmingham
Paulo Products Co.-

Kansas City
Paulo Products Co,-

Memphis
Paulo Products Co.-

Murfreesboro
Palilo Products Co.-

Na<;hville
Paulo Products Co.-

St Louis
i'eMsylvania Metallurgical
Peters Heat Treating, Inc,
PIluJIl.:I;.Maag Cutting Tools
P1101!111xHeal. Th!aIfug I~
Pi!!~Tex Inc.
Precision Heal Treating
Progressive Steel Treating
Racine Heat Treating Co.
Richter Precision Inc,
Roboduction Thermal

Processing
Rochester Steel.Treating
Rotation Products Corp.
S.K.S. Heat TreatiDg Inc,
Scot Forge
Shore Metal Technology
Sal ... Almospberes Inc.
Sonee Heat Treating Corp.
Southeastern ffi:al Treating
Specialty Heat Treating

Inc. -A1hens
Specialty Heat Treating

Inc.-BJldwl
Specialty Heat Treating

Inc.-Gr.md Rapids
Specially Heat Treating

Inc. --'HGIIand
Specially S~J Treating-

Farmington Hills
Specialty Steel Treating-

I'fllSCf
State Heat Treat Inc,
SteelTreaters, Inc.
Steel Treating
Sun Steel Treating
Suncoast Heat Trealing-

Orlando
Suncoast Heat l'reating-

Pompano. Beach
Suncoast Heat Treating-

Tampa
Superior Metal Treating
Syracuse Heat Treating
1. N. Woodwonh Inc,
'Them. Tech of Waukesha
Thermal Metal Treating
Thermal Treatment Center
Tbermet Inc.
Thermo Electron Metal

Treating Div,
Thermo Treaters LId.
Tocco. IDe.
TmcTcch
Treat. All Metals IDe.
Trutec Industries
Vacu Braze
Walker Heat Treating
Washington Metallwgical

Service~
Weiss Industries Inc.

Wes~ ide Flame Hardening
Wohlen Cnrp.

I IDTHER
Accurate SIre.1Treating-

100bar vacuum
Adv=d H~ Treat Corp.

-Monroe-Ion
nitrocarburiZ;llg

Advanced Heat Treating
Inc.-Steam rreQ1ill/!

Advanced, MetallurgK:a1
Tecbnology-Age harden

Alco Heat Treating Cotp.-
Block lJJtiding

Alpha Heal Treaters--
Black aridinll

American Heat. Treating-
Vacuum heal/realmg

American Metal Treating
Inc.---6-1rar \o'actlijm

processing
AP Westsbore-

CarbaaUSli!mperilllJ
Benedict-Miller In!:.-

Black oxiding
BodycoldHindmiter

Thermnl Proces.!ing~
Vacuum deep pit

Braddock Metallurgical
A labama-lhcuum

Cem\!J)' Sun Metal
Treating--'Vacuum sal:
barh

Certified HeatTreating
Inc.-Vacuum

Certified Me!aJ Croft Inc.-
!-be"",", processing

Cincinnati Gear Co.-
Ekc:1mII beam hardi!ning

Cincinnatl Steel Treating-
Straightening. blast
cleaning

Cnntnur Hardening Inc.-
Metallurgical services

Dixie Heat Treating Co.
Inc.-Aluminllm

Dy.namic Metal Treating-«
lhcuum hardenill/! &.
tempering

Erie S~ll'reating Inc.-
Plug quencning

Flame Hardening Co. of
Califomia,-On-site

Fax Steel Treating Co.-
Select hole qURnchmg

FPM Ipsen Heat. Treating-
Blas: cleaning

Hi-Tech Steel Treating
Inc.-Sream treating

Hinderliter Heat TreatIn~
Inc.-AnalJeim---Age
hardening. Kootkase
"FNC"

Hinderliter Heat. Treating
Inc.-DalliI._lhcWl1ll.
processes

Horizon Steel Treating,
InC.-Vacuum heal treat-
Utg. 6-bar quenching&<
aluminum hem IreaJ'il1g

Hy-Vile Technologies Inc.
-Alum;"""n

Impact Strategies Inc.-
Technical consulting. meI-
ulJurgical eli: mariceting

Induction Services Inc.-
Bonding h~at

Inductoheat Inc..-
IMlJctitm /teali'ng
equipme.m

Industrial Steel Treating
lnc.-Gleason press,
straightening, cleaning,
hardness testing

IDdustriai MemJ lteating
CGrp.-S1""", treaJinll

Irwin Allfomru:i.oo[oc.-

AJistenirivng. vacuum
heal trelJlU!g

Jaseo Heat Treating .Inc.-
\.bcUUIll'

Kowalski Heal. Treating Ca.
-20-bar ~ ,/a.ser
welding

Lindberg Heat Treating Co.
-Housmn----80./VI.i<Jng

Lindberg Heat Treating Co,
-Racine--Al.uminum

li!!dbetg Heal Treating Co.
-Rochester-
BOlVnizing

Mannings U.S.A,-
111e1'malupansion

Metal Improv"menl Co.-
Lafa.yeue.----Slw1 peening

Metals Teebnology-
llicII"m Ileal rreal.
/t}puufrlf«lling. brighr
hardi!ning

Mid-West Flame Hardlming
l'nc.-Slroighlming

Nunana'! Metal
Processing-Cantinuo ....
bell/rmUlJlce. '!lQculll1!
furnace. laser welding
i~Vac Heal Treating-
'VacuwlI hani~ning

o &. WHeal Trel!t Inc.-
lhcuum harrkning
&: brating

Paulo Products Co.-
Binningham--VtlClIW1l

Paulo Products Co.-
Kansas Ci~-Black
oxide &: vacuum

Paulo Products' 0,-

Memphis----B/ack oxUk
eli: vacuum

Paulo ProductsCo.-
Nashville- VaclluJn

Paulo Products Co.-
SI. .loois--Aluminum &:
black oxide

Precision Heal Treating
Corp.-Vacuum heal
treating, vacuum hnuing

Progressive Steel
Treating-preCipiralion
hardelling

Sollee Heal TreaJing
Corp.-Complete metal·
lurgical {"-'ring, ulcluding
tensile &; chemical
composition

Sun Steell'reating-
Soli bath hardening.
Sream lrearillg

Thenn Tech of
Waukesha !nc.-
liI"8~ cryoge'lic
tempering capacity

'Thermal, Braze Inc.-
lnduetiun br~lIg.
"Brite" age hardl!flillg

TracTecb-Hal1ienlng
1'reat All Metals mc.-

Straighlerunll &: shlJl
bln.sril!g, on-stu lob
facilities

l'rojanHeat Treal Inc.-
Stress relieving in
armmp/.lere

West,ide Flame Hardening
Inc.-Whm hardening.
vibmtory stress .relieving
&: vapor bla.!ting.
'Iroighlening

----------------------------------------------------------------------------------------------------------~~----------~~



~BSOLUTELY
FRE !!

The same people who brouqht you
The Gear Industry Home P,age™

, and Gear Te'chnology magazine
now bring theiir expemse to

powertransmissiion.c'om TM

If you are ,8 manufacturer of
• adiustabl~espeed dr,ives
• bearings
• belt & chain drives
• cl'utches I.brakes
• controls I.sensors
• couplings & U-joints
• gears & gear drives
• linear motion devices
• motors
• power transmission accessories,

tum thel page to, see bow ...



IGETTIINGYO:UR ,C,OMPANY ,LIST'ED ON
powertransmission.com ™

IS FAS'T, S"IMPL!E, EASY
AND FREE FOR FOUR MONTHS. ;

NO OBLIGATIION

A Company Page on
powertransmission.com includes:

• Your company name, address,
phone and fax numbers,
a-mail address, contact
names and a 250-word
description of your products
and services.

• Your company logo.

• listings in as many of our
buyers guide category
sections as you need.

• A link to your own company
Web site if you have one.

• Monthly activity reports.

• Dia.1in to
http://www.powertransmission.com
and see for yourself.

- ---

ACT NOW!'
- ---

------

HERE'S HIOW
This is the' best Ilote'rnet

deal around
OIO,o't miss th:is OPIPortunily..

Just fm out the attached form and
return it to our ,offices.

We take care of the rest.

http://www.powertransmission.com


Get on powertransmission.com 1M

in Three Easy Steps.

ICompanyNama:, _

StreetAdd'ress: _

IC'jty: Stata:, Zip: _

ICountry: _

IPhone:
L

!,__ ----'1'----- Fax:,-'·· __ ---..1.1 ,

E-mail (itavailabla,): _

ContJlct Title:, _

Sendllinquiries To: _

S,TE:P',2- ,Set up¥our powertra,nsmiission"comlM site.

SENDI UST!HE FOLLOWING
• Your company logo, (please includsa scannable: copy)
.250 words describing, your company and its products and services.

Please snclosevour completed forms with comp,any 10giQ and 250-word description and mail to:

Bandall Publishing
IP:O.Box 1426,
El.k IGrove Villla'g'9, It 600091
Phene: 841-4'31'-6604 Fax: 841-431-6618

DEAJ)UNE TOI TA_KE,ADVANTAOiE OF THIS OFFER IS:: APR;I,L, 30, 1'9911"

Your four months of fREE service will start on the day your company information is entered online. You will be notified by phone
and/or fax on this date.

You assume no financial obligation to,powertransmission.com™or its parent company, Randall Publishing,.lne., during this period.

Approxjmately30 days prior to the end of this offer, a letter detailing our complete services will be sent to you. At that time, you willi
be invited to continue your presence on powertrat:lsmission.com™at$50a month. lfyou decline, service will 'cease and you will not
be charged.

IMAIL THIS fORM AND YOUR MATERIALS TO RANiDALILIPUBLlSHING,,,



Select Your Product Categories
Fr'omthe List Below.

Company Name _

MAIL THIS IFORM AND YOUR MATERIALS TO RANDALL PUBUSHIING.
I~----------------------------------------------------------~

:1wish to be listedl in the following product categories.

.Adjusl.abfe ,s,peed Dr,ives
OIlElectrical AC Drives
01 IElectrica I DC Drives
IJI iHydraulic Adjustable' Speed Drives
OIllHydraulic Pumps - Gear, P.iston,Vane
IJ Mechanical Adjustable Speed Drives
01 Positioning Drives

Bearings
IJBall Bearings
01 Linear Bearings

01 Plain Bearings
DIIFlo'llerBearings

IBel:t& Chain O.rives
IJ Belt Dri,ves
01 Chain Drives

OIl Poly Chain PuJleys

ICI!utches& Brakes
01 Electromagnetic Clutches
IJ friction Clutches - !Disc
01friction Clutches - Drum
IJ friction Clutches - Cone
01Mechanical lnckup Clutches
IJ Oil Shear Clutches
01Self Actuating Clutches

Con1ro'l:s& Sensors
Logic & Process Controls

o Personal Computers
(J Programmable Controllers
o ,Relays
01 Rotary Actuators

Motor Controls
~. AC Motor Starters & Controls
OIl Full Voltage Starters
_, Reduced Voltage Starters

Operator Controls & Displays
01Control Switches;
01Displays

Power Conuol's
o Circuit Breakers
o Contactors
[JI Power SwitC'hes

Sensors & Transducers
OIl Flow Sensors
01 force Transducers
01Position Sensors
o Smart Sensors
01Temperature Sensors
o Torque Transducers
01Viscosity Sensors

Couplings&.U-Joints
1:1 Hexible Couplings
01Universal Jolnts
o fluid Couplings

:Gears& Gear Drives
IJ Bevel Gears
01 Brea'kdownfl:mergency Gear Suppliers
o Curvic Couplings
1:1 Cycloidal' Drives
01 i:liffer,entia'is
o Face Clutches
01 Gear Reducers
o Gearmotors
o Helica'i Gears
o Herringbone (Chevron) Baars
o I-Iypoid Gears &. Spirall Bevel Gears
01 Internal Gears
o Master Gears,
o Pmlons
o Powder Metal Gears
o Racks
01 Ratchets
01 Ring Gears
13 IRotors
1:11 Segment Gears
131Serrations
01Speed Reducers
01 Spline Shafts
IJ Sprockets
01Spur Gears
IJ St'Bering Sectors
01liming Pulleys
IJ Traction Drives
01Transmissions
IJWorms:
01Wormwheels

Linear Motion Devices
o Actuators
01 Ba'll Screws
o Controls

IJ,Electric Unear Motors
01Screw Jacks

iMotors
o AC Motors
01DC Motors
o Fluid Motors
01 Gearmotors

IJ Motor Encl'osures
OIl Motor Protection
IJ! Servomotors
OIl Step Motors

Power Transmission Accessories
o Drive Tensioners IJ Lubrication
01 Indexing Drives 01RadiallLip Seals
o Keyless Locking Devices

Other Categories Not Listedo ___
We reserve the right 10 add suitable new categories at our discretion.



_-----------_11 COMPANYINDEX11 _
WelcOlH to the CoIItPliRY Inux of lb. 1991 G.IT Tscltn%gy IDifectolY

IIIHut Trutilll Servicn. Use 'Ibislist 10 local. Ibl complete contlct infor-
.... hIr ndI cOIIIfIUl' iliad ill tlte Samen IndeX. Gil.' TilcblJOlogr
1dwniaan ... 1ItoWII in boldfHe type. To findllbe plun 011 whic:h Ibeir ads
llIpelr, ... til, AdnrtiHn Indell 011page 71.

While we hlVI made 'IvelY effort to' 11111,. Ibll company MIMI andl
addreues are correc," we clnnol be hel'd responsible for erran at fact 011'
,omiuion, Hyour Complny WIS not Ustld in 111'1directlHy" llId '(IMI _Id likl
10 be Includldl in 1991. plel.1 cIIl141-C7-61i1M,

ADS Metallurgical :~ Inc.
4313 E. Magl!Olia SI.
Pboenix. AZ 8S034
602-437-3008
I'D: 602-470-0100

I\ccunlfc SI«I TIUIing
10008, Miller Way
South Gale, 'CA 90280
310-921-6528
FIX: 310-927-8591.

Advanced Heal Deal 'Corp.
1625 Rose S
Monroe. MI48162
113-24:HJ063
Fu, 313-24J.4066

Adv,mccd Heat Treat 'Corp.
2839 BlIltool ve.
WMmoo, IA SOO03
319-232-5221
FD: 319-212-4952
E·maiL: mklliihon-nilriding.com

AdvllllCCd Heall'rea!ing Inc.
Tmm,Rutl Rd.
SI. Marys, PA 15857
814-781·3744
I' : 814-781-3230

Advanced Metallurgical Techoo.l.og)'
212 Page Ave.
Fan Worth. TlI: 7611,0
817-92:1-5100
F!!lt:817.921-5372

AdVi!!Ced TbmnaI Tedmo\ogies. [nc.
P.O. Box 815
KcruWIvillc.. IN 467SS
219-347-1203
FD: 219-341·3568

I\JP M. k 'C«p.
,J745 Onrluld '~-e.
W8rn;1I, OH 4-I4&J
216-31.2·8511

IIX: 216-372-86l1lI

Albany McI.aIl n-ing
400 S. Dowden Ave.
Albany, IN 47320
317·789·6470
Fl!II: 317·789·1:J839

Alco Heat ,[reating Coql.
130\!crdi .
Farmingdale, NY 11135
S 16-2.49·1660
FlU: ~16-2!19·7889

Allial!ce Mc:!a.ITrmling
P.O. !lIox 68
_ I~ '[1.,60519
630-851·S 80
P!IJ!: 6:ID-SS 1-0733

AIl.read Produc:u
2.2 S. Main St.
Terryville. er 06786
860-589-3566
'FlU: 860-589-3.566

Alpha Heal Trea!~rs
P.0,1Io;t23

Yod Coonly bidustrial Put
Emiville, Po 1731'8
717·767-6751
F : 117·764-0129

American Bruzing
Diy. of Pa.ulo I'roduC!. CO.
4428 Haman ~.
C\evellll!d. 'OH 4«194
216-9<16-5000
Fu: 216-946·3091

American AWl Treating
[346 Morri. Ave.
Dayton, OH 4S4Ol1
937 ....61·1121
Fu: 937-461·11.66
E-mllil: wilcher@ibm,nct

American Mellll Process.inB 'Co.
22720' 1$1
Warren. I 9
810-7:57·7337
Fax; 810-7S7·S21Z

Amcrk:an flU....Tlatlng !!.

100 F_62nd L
~I.nd, 0044103
21:6-4.11-4492
Fu.: 2J643J·1508

American MeW TreJiLinll Inc,
SOOM'n cy t.
High Point, NC 27260
910-889-3217
Fax: 9'10-889·7950

AMT MQl1.roe Inc.
61 S Harbor Ave.
M_, Ml48162-:5601
313-242·1733
Fu: 313-242-'0993
E-mlIiI: fuCombs@ otcom

AP' W.sl3bore'
4000 lite Hwy. 91
Oshkosh, WI 5491.l4
414-1.35·2001
Fax: 4H-21S·2701

Applied Cryogenics Inc,
1191 Cbestnut St,

ewtoo. MA 021,64
6 'I,,'·969'-6490
FIllI: 61.1·96Q.6266
E-mail: :ncSCngine@aol.com

Applied Proce s Inc,
12238 cwbwgh Rd.
Livonia, MI 48150
313-464-2030
FlU: 313-464-6314

AlJOOSplrre Arlnealing Inc,
1300 Ind .mal Or.

. Vernon, IN 47265
812-346-1215
Fu: 812.):46-4S34

Beehive Heal Trealinl! IDe.
132 Water 51.
S. orwulk, CT 06854
203·866-1635
Fax; 203·855·9327

Benedicr-Millcr Inc,
P.O. 80:1912
Lyndhllfil NJ 0707 1.()912
201-438-3000'
Fax: 201-438·3137
E'l1IlIiI: info@benedicl·miller.C'Om

Bennett Heat Treating ,&; Bnml1i Co.
.69(} Ferry SI.

ewark, NJ' 07105
201-589-0590
Fax; 201·589-6518

BodyootelHinderlilef Thermal Processing
200~ MOnlgolne"ry Sl
Foo Wonh, TIC 76107
811-137-6651
Fu: 817-317-\1601

Bomak Corp,
Six kffers.oo Ave.
Woburn. MAOI801
611-935-4100
FIlll: ,61'7-932-U542
E·mail: hornak. indu.~IIy.nel

Bonsl Technologic lne.
21178 Bridge SI.
Soolllfield, MJ 48034
.810-3.H·2041
Fax: 8 10-353·2028

The Bowdil Co.
2030 Industrial Place S.B.
Canton, o.H 4471J7
216-456-7l76
Fax; 216-456-4625

Braddock Metnllurgical.
14600 011 allPlace Wesl
Jacksonville. FL J.l21
904-141~n7
Fax: 904-741-4813

Braddock Metallllrglcal Alabama
3008 Red Mom 1'Itwy.
Annislon, AL 3620'7
20S-831-~199
F!IJ!: 20S-831-56IIO

BMng &. Me:LlII irealina
Dill. of HI TecMetlll Group
I LOI E. SSIll 51. .
Cleveland, OH 44103
216-881·8100
Fax: 216-881·68.11

Brazing &. MeLIIll'realiog or KY
Di\'. of HI TecMeUiI Group
1379 Jamike '1Ln.
Erlanger, KY 41018
606-647·1115
Fax: 606-647·1165

8rv.inll '& Metal Treatil!g of MN
2501 IIi Tee AveolJe
Albeit Lea. MN 56007
(507) 373·9630
.FIlJt: 507) 373-3nl

Brile Brazing
5476,l...akeO.
Clcvctlnd. OH 44114
2.16-881-8100
Fax: 2.1tH!81·681'1

Brite MeLIIITreating Inc.
8640 Bessemer Avc.

ClcvdlUld,OH 44'127
216-341·Ub6
Fax: 216-3414273

- -- ---- - --~-~

Bocyrus Intemntional, Inc.
1100 MUw.ukee Avc.
S. Milwaukee. WI 53172
41.4-76l1-4OOO
fu: ~14.7611·:5221

I Burbank Steel Treating
415 S. Varney SL
Bwbant. A91502
21.]·1149·7480
Fa: 21J·1I49·]739

CaI·o..n.n Dlv~illll
1804 ae\'~11l1d Ave.
NlI1iOllal 11Y.CA 91,950
619-417·2121
FD: 61,9-477·3219

Calilomia mfa..-e Hardeoin Inc.
P,O. B '736
'Comploo. CA 90223
110-608-S576
,1':8.1:: 3/1}.601I·2072

C!!Iumel, Surf1!CC H:mieninll
6 0.5 Ml-Cook Ave.
Hammond, IN Mi3D
219·844·5600
Fwt: 219·845·1046

Carolioo Commercial Heat Treating
:P:O. Dm~r 1368
li'oonlWn Inn, SC 29644
803462·3516
:fax: 803·2-4466

C terpill lndusuilIl Producu; ,Inc.
100 AdamsSL
Peoria, IL 61629-437:5
309-675·545 I
Fu; 309-675-6457
E·mail; c.IIIgem c.u~-mai.l.rom

Century Sun MemJ Treatin
2411 Aero Park CI. W",I
Traverse City, MI 49686
616-941-7800'
PIlll:616·94I. -.2346

Certi lied Beat Treating Inc.
1200 H. I'lI'!!I SI.
Daylon, DB 45403
937-461-2844
FD: '9 7-461-4519

Certified cta! CndHnc.
77 Ve.monWay

EI iJoo. CA 92020
619·593-3636
Fax: 619-593·3635
E-mail: cmcicertifiedmel!!k:nfi.COIIl

Oh:iCl\go FI.E!e RardenLn 'Co.
51OO Ro.ilmld Ave.
EM! -ia&Q, IN 46312
219·397-6475
FlU: 119·397-4029

!U,RCH''''''RIL 1111 ,39

mailto::ncSCngine@aol.com


_------------COMPANYINDEX------------
Chicago Induction
3305 W. Ha!tLWlI
Chic. go. Il 60624
773·826-1213
Fax: 773·8.26-1178

Ci!l!:IDnali HalIK: Hatdening Co.
375 Security Dr.
Fairfield. on 45014
513·942·1400
Fu: 513·942·1414

Cincinruu.i Gear Co.
5657 Wooster Me
Ci nclnnati, OH 45227
513·271-2700
Fax: 513-271-0049'

Cincinnati Steel Treatin,g
5701 MlII1iemontAve.
Cinelnnatl. OH 45227
S 13·271-3173
Pax: 513·271-3510

City Steel Treating [nc.
13001 Los I~ Rd..
Santa Fe Springs. CI\'90670
3 1G-94 1-1246
Fax: 310-941-1247

Cleveland Pismo Hardening Co.
935 West Ave.
Cleveland. OH 44113
216-241-1333
Fax: 216-241-3'946

Coleman Commc.ocia] Heal TreatinG
2867 Hangar Rei. .
Memphi • TN 38118
901·366-0204
Fax: 901·366-0770

Commercial Induction
1111 6 Avon Ave.
Cleveland, OH 44105
216-88:141100
Fa!<: 216-881-6811

_rd:!!J 1m 'l'tuling Corp.
31440 Stephenson oW)'.
Madlwn Hdg!l!.~.M148071
148.588.3300
Filet: 248·588-3300

Contour Hardening Inc.
7898 Zionville Rd
Indianapolis. IN 4626&
317-876-1530
Fax: 317·879-2484

~tlne.
410 WalCOI Rd.
West Ide. LA 70669
318-882·1800
Fux: 3 18·882·1821

CUstom Heat Trealin!! Co.
4117 Meadow Laae
8 i~rCily.LA 71111
318-742-6662
Pu: 3111·742-'1135

Delphi Engineering &t. Contracting Inc.
131 Blackwood Bnmsboro Rd.
Sewell, Nl 08080
609-468-4839
Fax: 609·228·9354

Detroit Flame Hardening
17644 MlElliotl
Detroit, M] 48212
313-891·2936
Fax: 313·891·3150

40 GEAR TeCHNOLOGY

Detroit Steel Treating Co.
163J Highwood East
Pontiac. MI 48340'
810-334-7436
Fax: 81G-334-7891

Diamond HeatTreating Co.
5660 W. Jefferson
Detroit, Ml 48209
313-843-6570
Fax: 313-842-0280

Dissrou Precisian IIIC.
'6795 State Rd.
l'11ilBdelphia. PA 19135
215-338-1200
Fax: 215-338-1060.

Dixie Heall'~lIljng Co.
425 County Road 30
Florence, AL 35630
205-167-1752

I Fax; 205-767·1:573

Dixie Macbioe &; Heal Treating Inc.
m E. F:nmklin
Gastonia, NC 28054
704-8M-5454
Fax: 704-864-5456

Drever Heal Treating
6201 Robinwood Rd.
Baltimore. MD 21225
410-189-6160
Fax: 4lG-789·6659

Dynamic M£ta.I1'rea6ng
7784 Ronda Dr.
CanlOn Township. MI 48187
313-459-8022
Fax: 31.3-459c7&63

.East Carolina Metal1'rutif\g Inc.
lOW S. Sallnders St
Raleigh, C 27603
919-834-2100
Fax: 919-833-1764
E-mail: rockylll@aol.com

East-Lind Heal Treat
32045 Dequindre
Madison Heights, Ml 48071
810-585-1415
F",,: 81G-585·3045

Eckel Heal l'tea:I
8035 W. Coonly Rd.
Odessa. TIC. 79764
9.15-362-4336
Fax: 915-362-1827

Edwards HearTrearlng
642 McCormick SL
San Leandro. A 94577
510-638-4140
Pax: 510-638·1438

Elmira Helit 1'~ ling [nc.
407 S. Kinyon SI.
Elmira, NY 14904
fi01-734-1577
Fax: 607-732-2572

Engineered Hcal That. Inc.
31271 StephellSOn Hwy.
Madison Height • MI 48071
810·588-514:1
Fax: 810-588-6.533

Ene Steel Tl"winglnc.
5540 Jackman Rd.
Toledo, OH 43613
419-478·3743

Fax; 419-4711-0109
E·mail:cneslccl@lol.edolink:.com

Euclid He;n nw.Jng Co.
1408 E. 222nd SI.
Euclid. OR «II7
216-481·8444,
Pax: 216-481-3473

Fai~ldl Mrg. .o.
P.O. Box '794U
Waye-lIl!, 147903
31'7-4'7' 3 WI,
Fax: 317'-4.77.734.2

FeinblanJ,jng lid.
'9461 LeSDinl, Dr.
Fairfield. OH 45014
51.3-860-2100
Fax; 513·870-5146

Fenlon Heal Treating
3605 Homestead Duq.~ne
Wesl Mifflin, PA 15122
412-466-3960'
Fax: 412-466-7911

Flame Hardening Co. of California
6057 Stale SI.
Humingtofl Park.' A 90255
213·589-5066
Fax; 213·589·5403

A= Mell!ls~,sing Corp.
7317 W. Luke SL
Mirmeapoli s, MN 55426-4396
612·929-7815
Fax: 612·925-0572

Flwarol Ma_nufacturing Inc.
13B8 Atlantic HIYd.
Allb!!!"!! ftills. MJ 48326
810-393-2000
FD: 81G-39'3..0217

!<oxSteel Treating Co.
2220 Gr.niQ! .ve
Detroil, MI 48207
888·8 [8-0808
Fax; 313·568-0148

FPM Heat Trealing
1501 S. lively Blvd.
Elk Grove, ,[l60007
847·228·2525
Fax; 847'-228·9887

FPM Ipsen Heal Treating
666 RoYle 20
Cherry Valley, [l61016
8.15-332-4961
Fax; 815·332·3022

FPM Milwaukee
8201 W. Calumet Rd_
MilWDl!:k.cc.WI 53223
414- 35.5.7900
Fax: 414-355-4719

Fmnk.lin Steel Treating Co.
1070 Ridge S1.
Columbull. 01-14)215-1190
614-488·2556
Fu: 614-486-9489

Gear 'Comp!!!!y ofAmeri.ca
1.4300 Cm:gin Ave.
Cl·evehwd. OH 44111
216-671-5400
Fax: 216-671·5825

General Heat Treating Corp.
6770 Benedict Rd.
Ells! Symc!.!<e. NY 13057
315-437-:1117
Fax: 315 ....·33·1194

Genem ltlal Heat Tre.lllin Ine,
"'.1 Addison Rd.
Cleveland', ..oD 4410.3
216·391..0886
FID: 216·391.0890

Geo, H, Poner Steel. Tri:aling Co.
1273 El. 55th Sl

eveiLnd. OR 44103
216-431-6601
Fu.; 21f>..431..()OO1}
E·mail: lJealing@aoLccm

Gibson Heal Treat Inc,
2037 Brookside In.
Kingsport, TN 37660
800-359-5542
Fax: 6.1S-246-8629

The Cleaso:nWo.g
.OOO'l1!!1~rsill' An.
Roeb tn, NY 14'692,
'7f6-461.so5~
rID: 7~6-461·141)2

'Global Hea; Treai lnc.
54 Route 130
Yardville, NJ 08620
609·298-1200
FlU: 609·298-7958

Good Eunh Tool , [nco
Fonr Induslrial Drive
etyMa! City. MO 63019
314-937·3330'
Fax: 314-937·3386
E·mail:.wilk:ip@aoj.com

Grand Rapids Heal 1':reaL!ng Co.
3832 Buchanan S.W.
Wyoming. MI 4954
616-2.43-01'11
Fa.'!:: 616-243-4080

H &; M Metal Processing
1.8S0Fronl51.
Cu)'!!lIoga, Falls. Oft 44221
800- 304- 2636
Fax: 216-928·5412

Hansen-Balk Sleel Tre ling Co.
'1230 Monroe N.W.
Grnnd Rapids, MI 49505
616-45 ·1414
PIIlt; 616-458-6868

illoun] Richmond Iee,
lS ..J!l'lcs Vit} ltd.
Rich:mond"VA. 23·231
1I04-12l.5162
Fu: ,804-2J6.5l8t

Heat Trelll COIp. of Amerk;a
1120 W. I 19th St.
Chicago, H. 60643
773-264-1234
Fax: 773·264-4321

Heat-Treating Inc.
1807 W. Pleasanl Sl.

I Springfield, OH 45506
513·325·)121
Fax: 5\3-325-3117

mailto:rockylll@aol.com
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, Heal Treating Services Corp.

217 Central Ave.
Pontiac. Ml48341
810-8~8-2230
Fax: 810-8511.2242

HI TecMep] Group
II 01 .E. S5th St.
Cleveland. OR 441'03
216-881·8100
Fax: 216-8111-68\1

Hi·Tech Steel trel!lin~~.
2120 Roberts SI.
Saginaw, Ml48601
800-835·8294
Fax: 517-753·2368

I:fimlcrliter Heal Treating lnc,
1025 N. Pauline St.
Anaheim. CA 9280 I
114-776-8312
Fax: 714-176-8446

Hindet'hll!r Heal Treating Inc.
10530 Doric SI.
Dallas. TX 75220
214-357·0394
Fax: 214-]57·0195

Hinderliter Heat Treating Inc.
1S600 Oxnard SI.
Tarzanu, CA 91356
818-344-02 is
Fax: 1118·609·9372

Hinderliter Heal Treating Inc,
:1240 N. HIIIVan:!
Tulsa, OK 74115
918-834-0855
Fax: 918-836-4162

Hi'Iech Aero
34800 lakeland Blvd.
Eastlake, OH 44095
216-881·8100
Fax: 216-881-6811

Hitech Metallurgical Co.
7384 Trade SI.
San Diego, CA 92121
619·586-7272
Pax: 619·586-7598
E-mail: al!jb8@prodigy.com

HorizOl'l Steel Treating Ioc.
231 Jandus Rd.
Cary. IL 60013
847·639-4030
Fax:. 847-639·1981

Horsburgh & ScotI Co.
S!l4 HamillOll A e.
Cleveland, OH44114
216-431·)900
Fax: 216-4·32·5850

Houston Flame I:-laroening
215 N. Jenkins SI.
Houston, TX 77003
113-926-8017
Fax: 11,3-926-8316

!ITGAmII!n=
940 Redm! Tett'l!!.1e
Woodlawn. OH 45215
513-772-1461
Fax: 513-712-0149

Huron Melalhugical Inc.
12611 Haggeny Rd.
Belleville. Ml 481 !I
313-699-6861
fax: 31J-699-6911

Hy-Vac Technologies Inc.
15701 Glendale Ave.
Detroit, MI 48221
31)-838·2800
Fax: 313-838-2802

J
---------- -

Jasco Heat Treating Inc.
820 Turk Hill Road
Pairpon, NY 14450
716-388-1040
Fax: 716-377·7226

I S Engineering & Development
211 W. 22nd St_
Hialeah, Fl. 330 to
305-888-7911
Fax: :ID5-888-99 I3

John V. Potero Co.
4225-35 Adams Ave.
'Philadelphia. PA 19124
215-533-8988
Fax: 215-533-9210

Kowalski Hen! Treating Co.
3611 Detroit Ave.
Cleveland. OH 44113
1188·KHT·HEAT
Fax: 216-631-8921
E-mail: khtheat@aol.com

Rochester. NY 14611
716-436-7876
Fax: 116-436-5276
E-mail: kstewartelDCt.neI

lindberg Heal Tre<!ting Co.
650 E. Thylor Ave.
St. Lollis. MO 63147
314-382-6200
Fax: 31.4-382-3141

M & M He<l1Treat
1309 Moln 51.
Bssexvi lie, MI 48132
517·89)..3617
Fall: 5 I 7-893-4423

Magnum Metal1'realmg
4400 N. FrolZier SI.
Conroe, TX 77303
713·353·8615
Fax: 409·856-6607

Manning. U.S.A.
S3 Abbett Ave.
Morristown. J 07960
800-447-4473
Fall: 201-984-5833

Moster Heal Treating Inc.
:5 I Brown Ave.
Springfield. NJI 07081
201·379·7320
FlU: 201·379·3214

I

41

Hydro-Vac
1117 Marqpelte St.
Cleveland, OH 44 L14
216-881·8100
Fax: 216-881-6811

I
----------- ---- - -

I I

I

Ilfiana Heal Treating Inc.
P.O. BOl( 1466
Danville. IL 61834-1466
211-443·5418
Fax: 217-443-5419

Impact Strategies Inc.
P.O. Box. 5317
Clinton, Nl 08809,
908-730-9163
Fax: 908'730-8334

Induction He31 Treatin~ Corp.
775 Tel;: Drive
Crystal We. It 60014
815-477-1788
Fax: 815-477.7184
E-mail: ibt:cmp@mc.nel

Induction Melnl Treating Co.
P.o.. Box 748
York., SC 29745
80)·684-2548
fax: 803-684-9387

Induction Services Inc.
24800 Mound Rd.
Warren. Ml 4800 I
810-754-164{)
Fax: 810-754-5402

Inductoheat Inc ..
32251, Avis Dr.
Madison Heights,. MIl 4lIMI
810·S8S~9393
F,u: 8UM85.0429
[·mail, moorhous@!ndocloheat.eom

Industrial Metal Treatin,g Corp.
402 E. Front SI.
Wilmingmn. DE 19801
302-656-1677
Fax: 30.2-656-4310

Industrial Steel. Treating Co.
613 Cmroll St.
Jackson. MI 49202
517·781-6312
Fax: 517-787-5441

Industrial Steel Thealing Inc.
3370 Benedict Way
Huntington Park, CA 90255
213-583-1231
Fax: 213-589-1255'
E·maJI: BELl.@mail.idl.net

International Induction Inc.
1504 10th Ave.
Port Huron. MI 48060
810-984-3803
Fax: 810-984-3801

Irwin Automation Inc.
715 Cleveland SI.
Green berg, PA IS601
412-834·71,60
Fax: 412·834-4670
E-mail: iai@wetol.com

Lake County Steel Trenring'
960 Anita
Antioch, IL 60002
847-375.8174
Fax: 847-395-7638

Lawrence Industries Inc.
2720 S. Comhusker Ave.
Hastings. NE 6890 I
402-463-3158
FIX: 402-463-4128

Lexington Heat Treat Inc,
'657 E. 7th St.
Lex ington, K,Y 40505
606·23 I -0236
Fax: 606-21'1-9464

Lindberg HCDI Treating Co.
675 Christian Lane
Berlin, cr 06037
860-225-7691
Fax: 860-229-3891
E-mail: berlin@lindbergCl.com

Lindberg Heat Treating Co.
8316 E. Freeway
Houston. TX 77229
113·6724501
Fax: 113-672-5 I 64

Lindberg Heal Treating Co.
1975 N. Rllby St.
Melrose Park,IL 60160
108-J44.4080
Fax: 708-344-4010

Lindberg Heat Treating Co.
16167 W. Rogcr& 01".
New Berlin, WI 5315.1
414-782-5553
Fax: 414-182-5660

Li ndbcrg Heat Treating Co.
Harris Metals Oi vision
4210 Douglas Ave,
IW:ine, WI 5l402
414.681-4280'
Fax: 414-639·5719

Lindberg HeUll'reallng Co.
620 Buffalo Rd.

Merit Gear "'1'.
I 810 Hl!dson SI.

Antigo. WI S4409
8(j()..756-)748
IFax: 715-627·2558

Melal Improvement Co.
1:515 Universal Rd.
Columbus. OH 43207
614-444- 1181
Fax: 614-444-0421

Metallmpfiwemenl Co.
116 SoUlb,pm 'Rd.
lafayette, LA 70508
318·837-927 )
Fax: 3 I 8·831.2S0S

Metal Improvement Co.
Hil8 Ida
Wichita. K.S 61211
316-267-8201
Fall: 316·267-5735

Mew Improvement Co.
101'9 S. Mclean, Blvd.
Wichita. KS ,67213
316-267·820 I
PM: 316-267·7904

Mclal Methods
260 Chen ult Rd.
Franldorl.I<Y 40601
502-695-5700
Fax: 502-695·5102

Metal Proccs&ing CO'.
I 3257 N. 32nd 51.
I MiI\\IlIllk:ee. WI :53216

414-871-9010
, Fax: 414-871-3910

Metli!-Tee Heat 1'reruing Inc.
4723 W. Sllllion St.

ight Mlle. L 36613
3]4.;456-1133
FIl~:::1>4-456-\ 134

I14A.RCH,",PRIL lVV7

mailto:khtheat@aol.com
mailto:ibt:cmp@mc.nel
mailto:BELl.@mail.idl.net
mailto:iai@wetol.com
mailto:berlin@lindbergCl.com
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Metal Treaters Inc.
859 N. Prior
51. Paul. M 55104
612-646-1316
Fax: 612-646-7705

MeWlTn;atinll & Research
J 1580 E. 69th Ave.
Denver; CO 80229
303-286-9338
Fall: 303-286-9366

tel.!!llurgieal Inc.
900 E. l:iellIlCpin Ave.
MinneaI"'IL s, M~ 55414
612-378-1500
Fax: 'tiI2c318-0462

Meiallurglcal Proee ssing Inc.
P.O, Box 10842
Fort Wayne, IN 46854
219423-1691.
.Pax: 21.9-422-2656

Metals Engineering IDC,
1800 South Broadway
0=0 Bay. WI 54304
414-437 -7686
PIU: 414-437-76lt7

Metals TechOOlogy Corp,
120 North Schmale Rd.
Carol Suearn, IL60188
630-221-2500
Fax: 630-221-U120

MetiabCo.
J 000 E. Mermaid LD.
Glenside, PA 1.9038

, 215-233-2600
i Pax: 215-233-5653

Metro Steel Treating
9192 Grinnell
Detroit, M1482t3
313-921-5522
Pax: 313-921-0363

Met-leI< Inc.
15651 S£ I25th Sit
Clackamas. OR 97015
503-636-3203
FlU: 503-655-6898

Met-Tek Inc,
J 8001 Melvin Ave.
Racine, WI 53404
41<\.639-8357
Fu: 414,.639-7152

Miclligan. Flame Hardening Co,
2241 Bellingham
T-roy, MI 4lI083
810-689-3737
Fax: 81(J.689·0680

Miehjgan Induction Inc,
8468 Ronda Dr.
Canton, MI 48187
313-459-8514
FlU: 3134:59-8795
.- mail; mimasl'er@oeonILne,com

Midland, Meral i!"eating Inc,
5512 W. Airways Ave.
Fronklin. W1 53132
414-421-51.40
Fax: 414-421.23(1)

Mid· West FI31t1eHardening [11(;,

500 W. I50th SI.
East Chicago • .iN 463 12
219-397-8423
FlU<; 211}·39'1·8480

42 GEAF\ TECHNOLOGY

Mld ....estern Machinery Co.
902 E, 4th Street
Joplin. MO MIIII2
417-624·2400
Fax: 417-62<\,2430

hfod m IndllStri :Inc:.
613 Wesl lllh I-
Eri • IPA165n
1114-455·11061
:1"1:1: .814-454-3(91)

ModI!m Metal. Proces ingInc,
3448 Corwin Rd.
Williamston, MI 48895
517 ·655-4402
Fax: 517-655-3'195

Malon Gear & Shaft
335 E.lllinois SI.
Palatine. It60067
847-259-3750
FIlX: 847·105·8349

MouDWn MetalhrrgicalCoIp.
P.O,lIo .. 460
Elizabeihion, TN 37644
423-543·7212
Fax: 423-542-3519

Nil!'O!!lnc.
26 Wellman 51.
lowell. MA 018.5 I
508458-3030
Fax: 508458-3131

o &: WHeal Tn:1IIInc,
One Bidwell Rd.
S, Windsor. cr 06QI14
800-528-9239
RIU: 860"291-9939

Oakland Metal Treating Co.
450 Derby Ave,
Oakland, CA 94601
510-261.-9675
Fax: 510·261-5678

Ohio Metallurgical Service
1033 Clark si,
Elyria, OH 44036
216-365A105
Fax: 216-365-9521

Bethlehem. PA 1l1li17
800-332-9880
FJIlI;610-691·1313

Peters Heal Treating Inc.
215 Race St.
Meadville. PA 16335
814-333·1782
fax: 81.4-333-2533

Pfauter-Mug Cutlin' 00b
OSE WIndsor Rd.
loves .P8J:Ik. :IL 611 11
81:5-8T7-8900
Ji' :1: 815-282.0264,

Pitt-Tex Inc .
ROUle 981 & Contai ner Wa.y
Latrobe, PA. 156.50
412-537-2009
Fax: 412-537-2140

Precision Heat Treating Corp.
2711 Adams Center Rd.
Fort Wayne. [N 46803
219·149'·5125
Fax: 2.19-749''{) 108

Progressive Ilngiaeering Co.
2010 E. Main 81.
Richmond, VA 23223
800-868.5457
Fax: 804-7W-2230

Progressive Steel Treating Inc.
922 Lawn Drive
love Park, IL 61111
815-877-2571
Pax: 815-877-7922

Racine Heat Treating Co,
1215 81h S!,
Racine, WI 53403
414-637-9893
FJIlI:414-637-9854

Revas Engineering Co.
SS5 W. 16th St
IrJdianapoli " IN 46202
317·635-6311

Richl'er Precision Inc.
1021 Commercial Ave,
!last Petersburg, PA 11520
717-560-9990
Pax: 717-500-8741

Robeduction Thermal Processing
P,O. Box S090
Southfield, M[ 48086
810-356-2577
Fax; 810-356-3989

Rochester Steel Treati ng Works
96.2 Easl Main SI.
RodIes~r; NY 14605
716-546-3348
Fax: 716-546-1684

Rotation I'nxIDcts COIp,
2849 N. Ca!herwuod Ave.
Indianapolis, .iN 46219'
317·542-8563
Fax: 317-542-1171

'[a ..:o::mb, I\U 43644
IUO-26J-O.lOO
Fu: 8,1o.Z6J.457 II

National Induction Healing.
630 E. Ten Mile Rd.
Hazel Park, MJ 48030
810-547-5700
FlU: 810"547-5702

National Metal Processing 'Inc,
450 N .. <till Ave.
Richmond, KY 404·76
606-623-9291
Fax: 606-623-929'1
E-mail;NSGraves@aot.com

.eltleson Steel Treating
1371 E, 4SIIl 5\,
Cleveland, OH 44103
2J6-881·8100
fax: 216-881-6811

ltrex M'ctal Technologies, 1m:.
P.O. Bu_ WSS
Mlmln, M1:48854
517.676.6370
Fu:S17-6"76-6427
E-ma[J: nltres@VO)lJIIlU.net

P'& L Heal Treating'& Grinding
313 E. Wood SL
Youngstown, OB 44503
216-746-1339
Fax: 216-746-1029

Partek Laboratories Inc.
225 S, Hollywood Rd
Houma, LA 70360
504-851-5310
Fax: 504-851·5312

Paulo Products Co,
705 N, nnd SI.
Birmingham. AL 35020
205428-1294
Fu: 2Q5425-9841

Paulo Products Co.
4lI27 Cbelsea
Kansas City, MO 64130
816.861-7500
Fas: 816-924-7:lOO

Paulo, Products Co,
1540 Channel ve,
Mempbis. iN 38113
90 1·948-5523
fax: 901-948-7501

Paulo Products Co.
1307 Rutledge Ave'.
Murfreesboro, TN 37129
615-896-1385
Fax: 615-895-9613

Paulo ProdYC,," Co,
3206 Ambrose
Nashville, TN 37207
615-228-2526
Fax: 615-228-2734

Paulo Products Co,
I 571I West Park Ave.

SI. Louis, MO 63110
J 14,.647·1500
Fax: 314-647-751,8

Penna. Flame Industries Ioc,
RRlt3 Bolt lAB Rle. S8g West.
Zelienople, PA 16063
412452-875Q
Fax: 412-452·0484

Niln:x Metal Technnlagies Inc.
4211 Mlllm.·.lIY Drive
Burlington, Ontario
',.71. 5N9 Canada
005-319·9258
Fa 905-319-9260

itrex l'\1'ellllTedlllologies (!Ie.

34801 Poirier Blvd.
L Laurent, Qu bee:

H4R 2JSQI.ruub!
SI4-333.sJ60

iuo- Vac Heat Treating Inc,
23080 Dequindre
Warren. M148091
810-754-4350
PlU\; 81.0-75<\.5195

Pennsylvania Mel.!!llurgical [nco

315 Columbia SI.

mailto:E-mail;NSGraves@aot.com
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S.K.S. Heal Treating Inc.
3286 Industrial Dr.
Saginaw, M148601
517-777-0270
Fax: Sl7c7ii-0273

Sail. Forge
8001 WiDII Rd. Box 8
Spring Grove, n.60081
847-587-1000
Fax: 847-581-2000

Sbanafell Mfg, Co.
2633 Winfield Wa.y N.E,
Canton, OM 44705
216-455-0315
Fax: 216-4554487

Shore MeU!ll'reating Tecbnology Inc.
5475 Avion Pl!rlt Dr.
Cleveland. OH 44143
216-473-2020
Fax: 216-473-0947

SolaJ"Atmmpheres Inc.
.1969 Clearview Or:
Souderton, PA 18964
800-347-3236
Fax: 215-723-6460

Sonee Heal Treating Corp.
3900 N. 31 I we.
Pboenix, AZ 85017
602-2774757
Fax: 602-230-7811

Southeastern Heal. Trenti ng Inc.
10 Old SboaI,o,Rd.
Arden, NC 28704
'704-6&44572
Fax: 704-684-5982

Specialty Heat T=W!& Inc.
I05 W. Sanderfer RdL
A.lben , At 35611
205-233-1147
fax; 205-232-5595

Specially Heat Treating
55226 C.R. I N.
Elkhart. IN 46514
219-295-2.491
Fu.: 219-295-1752

Specialty Heat Tre3lin.g IIIC.
3700 Eastern Ave.
Grand Rapid~, MI 49508
616-245-0465
Fax: 616-245-3060'

SpeciaJry Hear Treating of Holland, Inc.
3270 John f. OotmeUy Dr,
Holland, MI 49424
616·399-6880
Fax: 616-399·7504

SpeciallY Steel Treating
31610 W. Eight Mile Rd.
Farmington Hills, Ml 48336
810478-5900
Fax: 810478-9626

SpeciallY Steel Treati ng
34501 Commerce Rd.
Fraser, MI 48026
810-293-5355
Fax: 810-293-5390

Stale Heat Trellt Inc.
520 32M St. S:E.
Grand Rapids, MI 49548-2304
616-243-0178
Fax: 616-243-6337
&mail: dwvey@isc:rv.nel

216-881-8100
Fax: 216-881·6811

S)'TUCuseHeat Treating Corp.
7055 Interstale Island Rd.
Syracuse, NY 13209
315-451-0000
Fax: 315-451-31195

T. N. Woodworth Inc.
1600 Farrow SI.
Ferndale, Ml 48220
81.0-541-1960
Faa: 810-541-3864

Them'! Tech of Waukeslla, Inc.
301 Travis Ln.
Wauk.esha, WI 53186
414-549-1818
Fax: 414-5494320

Thermal Braze Inc.
:nOJullO 5L
J!.Ipiref. a, 33458
561-146-6640
Fax: 561-746-7452

Thennl!l Metal. Treating lnc,
314 S.l>ine SI.
Aberdeen, NC 28315
910-944-.3636
Fax: 910-944-3280

Therma; Treatmem Center
28910 Lakeland B.lvd.
Wickliffe, oOH44092

Steel Treaters,lnc.
100.Fu=St.
Oriskl!!ly. NY 13424
315-736-3081.
Fax: 31S-736-8849

Sleel TlUlitl.g
2250 Fuller Rd.
w: Des MoiMs, lA 50265
515-225-6565
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Meshing of a Spiral Bevel
Gear Set With ,3,-,D

Finite Element Analysis
G;eorge ID. Bi:bell & Robed Handschlllh

Abstract
Recent advances in spiral bevel gear geometry

and finite element technology make it practical to
conduct a structural analy i and WIatyticalJy roll
the gear set through mesh. With the advent ofuser-

specific programming linked to 3-D solid modelers
and me h generators, model generation has
become greatly automated. Contact algorithms
available in general purpose finite element codes
eliminate the need for the use and alignment of gap
elements. Once the gear set.is placed ill mesh, user
subroutines attached to the FE codeeasily roll it
taTOugh mesh. The method is described .in detaill.
Preliminary results for a gear set segment showing
the progression of the contact line load is given as,
the gears roll through mesh.

R

Z'

~--------------------~~z
Fig. 1 - ADa! and radial, projedlons, of gear mr:face Into RZplane.

Y", /~~,
c '

Front View

Fig. 2- Coordinate 'ystem orientation to generate a right-hand gear, IlIface (¢" '" 0
shownbere),
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Introduction.
One of the most complex and highly loaded.

components in a helicopter is the main rotor
transmission (Cormier, 1979). One of the critical
components of the jransmission is the spiral
bevel gear mesh.

The designer i faced with tradeoffs 'between
weight and reliability. Weight reduction re ults in
increased flexibility WId.deflection of the teeth and
rim. Deflection of the gear creates. a departure
from the expected contact found by rolling the
gears. These deflections cause the contact zone to
shifl. The shift in contact can dramaticaJlyil'lcrea~
contact and tooth bending stresses with a corre-
sponding reduction of component life.

The contact ellipse and localized stress dis-
tribution have been historically analyzed with
Henzian theory developed for ball and rotler
bearing elements (Coy et al., 1985). This theory
considers the contact stre ses for two general
surfaces with direct bearing load. Gear teeth are
not loaded directly. 'The load is transmitted
through flexible teeth connected to flexible
rim . The rooth and rim flexing of the gear and
pillion wiUgreatlyaffect the location and shape
of the contact zone, load sharing between teeth
and th contact tress distribution. The e factors
will in turn affect fatigue life" noise ancl vibra-
tion, thermal. degradation and bydrodynamie
action of the lubricant. These i sue are also
important design parameters for piral bevel.
gearing in ground. vehicles.

Considerable work has been completed to
automate 3-0. modeling of spiral bevel gears.
Fundamental to this work is an understanding of

the gear surface geometry. Litvin (1989) and
Litvin & Tsung (1989) presented the theory of
spiral bevel gear generation and design.
Handschuh and Litvin (1991) extended thi
analy is to the mathematical description of the
gear tooth surface .

Bibel et al, (1993, 1994) began the automation
of the analysis with model development software
that creates input for the 3-D solid modeler



(PATRAN) and the finite element code _AS·

TRAN. The finite element modeling done with
NASTRAN utilized gap elements. The analysis

was greatly simplified by using the contact algo-

rithm in the finite element code MARC (Bibel 'el

al, 1994). A user subroutine compiled with the
MARC input fde rotates !he gear set through mesh.

This work is being extended into a series of
programs that receive machine tool settings as

input and create 3-D contact analysis of spiral
bevel gears rolling through men.

Surface Geometry
The most difficult. task associated with 3-D

modeling of spiral bevel gears in mesh is an accu-

rate description of the gear urfaee geometry. The

surface of a generated gear i ' an envelope to the

family of surfaces of the head curter, In other
words, the points all. the generated tooth surface
are point of tangency to the cutter surface during

manufacture.
The conditions necessary for envelope exis-

tenceare given kinematically by the equation of

meshing. The equation is staled as follows: The
normal of the generating urface mu t be perpen-
dicular to the relative velocity between the cutter
and the gear tooth surface. This is given mathe-
mati cally as

n-V=O
where n i the normal vector and V is the relative
velocity.

The equation of me rung for straight-sided
cutters with a constant ratio 0':1' roll between the
cutter and workpiece is given in Litvin et al.
([989 and 1991) as

(u - r cot II' cos!p)cosysin'f +
s[(m"", - sinncosytsin9", cosysirllp(q - ,pc)]

:r Em(cosysinyt+ sinycosl,tfcos:r)-

Lmsinycosytsin.=O Eq.}
where X= {8:r q ± ,pc}

Y '" the root angle of the component being

manufactured.
14, ,8 locale a point on the cutting head as given in
Handschuh el al., 1991.

,pc '" the cradle orientation.

'II '" the blade angle.
r "" the radius, of the cutter,
L", '" the vector sum, a machine tool setting

de cribedin Handsclmh et al., ]991.

Em" machine offset, a machine tool setting
described in Handschuh et al., 199],

s := cradle to' cutter distance,
q = cradle angle,
me'" ratio of angular velocity of the cradle

to the workpiece.
All of the above terms, except u, ,e and ,pc' are

known machine tool setting for a given gear set

design. These three terms can be numerically

solved for if two additional. equations are identified.
The points all the gear surfaces found by solv-

ing the equation of meshing must also atisfy the

axial and radial location of a projection into the
RZ plane that identifies the generated workpiece.
This is satisfied by the following:

Z",- Z· '" 0 Bq. 2
r' - (X,} + f,/)O.5 = 0. Eq. 3

where X"" Y~iand Z'" are coordinates of a point on
the workpiece in the workpiece coordinate sys-
tem, and 1: and r' are the axial and radial projec-

tlons into the RZ plane of the work-piece as shown
in Fig. 1.

Equations 1, 2 and! 3 can be solved with a
numerical iterative procedure. Equation ] is
given in terms of cutting head coordinates u, ,9
and rpc' whereas Equations 2 and 3 are given in
terms of workpiece coordinates X ...,Y '" and Z""

A point on (he head cutter rc (written in terms

of u, (land ~c) must be transformed into 8 point

on the workpiece r", (written in terms of X""' f",
and Z,,' with the foUowing series of homogeneous
coordinate transformations,

r", = [MwR]rMal?][Mpmn~][Mselrc Eq.4
where [M,.,J [Mil!!] [Mp!!!] [Mms1 and [Msc1 are a
series of matrix coordinate transformatiens given

in Litvin, 1989, Litvin et al., 1989 and Handschuh
et al., 1991.

These coordinate systems are described as fol-
lows and shown in Fig. 2 for a right-hand gear
urface, The head-cutter coordinate system 5c is

rigidly connected lathe cradle coordinate sys-

tems S5' 55 rotates about fixed coordinate system
S!!! attached to the machine frame. Coordinate

system Sp, orients the pitch apex of the gear being
manufactured ..The common origin for coordinate

systems Sp and Sa locates the apex of thegear
under consideration with respect to ' ystem Sm'
The final transformation is from coordinate sys-
tem Sa to S,... which is fixed to the component
being manufactured,

A computer program was written using 'the
above solution technique. This program receives
machine tool settings and basic gear geometry as

input and creates an output file containing 'the coor-
dinates of surface points for the gear and pinion. The
output from this program is read by a second com-
puter program. This program uses the surface points

as input and creates an output file that. can be corn-
piled and read into the 3-D olid modeler PATRAN
(1991). PATRAN is used to create a NASTRAN or
MARC input deck of any mesh. density.

A gear set model created in thls manner is shown.
inFig. 3. The description of these two programs and
coding is given in Bibel et al, (1993 and 1994).
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GlIlp' !Elements
Previously 3-D contact analysis was accom-

plished using gap elements, This presented

numerous problems related to gap element orien-
tation. After the contact point was located, the

surface normal at the contact point was calculat-
ed. Lines parallel to the contact point surface nor-
mal! were constructed from node on the pinion.

The intersection of these lines with the gear
surface was then calculated. These intersection
points on the gear's surface were then incorporat-

ed into new, dis torted elements on the gear. For

1F1g.4 - IDI torted gear snrfaee FE mesh required for gll,p element orientalion.

1'5i
A -7564,
B -22181.
C -36797.
D -51414.
B -660Jl.
F -80647.
G -95264,
H -109880.
1 -12449'7.
1 -139113.
K -153730,
L -168347,
M -182963,
N ·197580,o ·212196,

Whe1l conlm:t IS detected. muhi-pcdm displOKOemenl ooru.uainl
lie.. are in!ro:Iuoed 10 prevent body peOOlr.!:tion,

Boo)' I

•
Fig ..(; - Non·penetrating cO!lStrllints used ill contact .algorilhm.
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Body 2

every new gear surface node tbat was added,an
existing gear surface node had to be deleted. and
the element nodal. conneetivity had to be rede-
fined. For coarse models. it worked reasonably

well 10' select the new element. connectivity by
visual inspection. Larger models would require
calculation of various permutations of nodal con-
nectivity and distance to determine the most
appropriate nodal sub titurions and new element
connectivity. The resulting remapped elements on
the gear surface are shown in Fig. 4.

However. to roll. the gear set through mesh,the
entire process of contact point and contact point
surface normal calculation, intersection of lines
from pinion nodal points wilth a gear surface. def-
inition of new element connectivity on gear sur-

face and calcularion of gaps had to be repeated for
every incremental relation ..Typical output from a

gap element model is hown in Fig. 5. Although
the model was relatively coarse, the re ult com-
pared favorably with Hertzian estimates.

'Contact Algorithm
Greatly superior to the method of gap ele-

ments is the automated contact. algorithm

described in MARC K-5.1 (991), Contact be-
tween deformable bodie i handled by impo ing

non-penetrating constraints as shown in Fig. 6.
Automatic in this context means that user interae-
tion is 1I0t required in treating multi-body contact.
The program has automated the imposition of
non-penetration constraints. even while rolling
through mesh. The user no longer has to worry

about the location, orientation and open/close sta-

tus checks of "gap elements." Typical output for
contact analysis from the contact algorithm i.s

shown in Fig. 7. The results were consistent with
previou modeling done with gap elements and
with Hertzianestimates,

Aut.omated MesbJng With User Subroutine
The model development software mathemati-

cany creates the pinion and gear surface coordi-
nates along the same axis of rotation. The gear

and pinion must be properly located for meshing
action, First the pinion is rotated a small angle
about its ,ax! of rotation to accommodate tooth
mesh alignment

The pinion isplaced in mesh by a rotation ()
corresponding to the shaft angle, The gear set is
now properly positioned for 3-D contact analysis
with MARC.

Afrer completion of an increment of the finite
elementcontact analysis with MARC, the gear
and pinion are rotated by a user subroutine to

simulate the gears rolling through mesh. For
meshing, the gear is rotated a small increment of
"8' degrees. The pinion wouldthen rotate ",8·



(Number of Gear Teeth)/(NlJrnber of Pinion
Teeth)" in. the opposite sense, The finite element
contact analysis is repeated for a new orientation
of the gear set. The process is repeated by merely
changing the two numbers corresponding to the
rotations of the gear set in the user subroutine.

The user subroutine is written in FORTRAN
and compiles with the MARC input file.

Preliminary Results
A two-tooth pinion segment and a two-tooth

gear segment were rolled through mesh with
increments of about one degree of pinion rotation.
(There are 19 teeth on the pinion.)

A series of plots is shown in Fig. 8. Shown is
at plot of line loading of the forces on the pinion
as it rolls through mesh in at counterclockwise
direction. The line load is seen to progress from
the heel of the back: pinion tooth to the toe.

The loading switches from the back pinion
tooth to the front after a brief period ofload shar-
ing. Also shown is an example of line loading on
the gear for a single configuration in Fig. 9.

More work remains to be done concerning mesh
refinement, enhanced accuracy of the modeling of
the fillet region, better boundary conditions, etc.
The work at Urispoint is considered analogous to
initial attempts at 2-D FE modeling of"spur gears ..
The models went through a natural progression of"
increased complexity (i.e., single-tooth models
with point contact, m,dti-tooth models with point
contact, multi-tooth models with deformable COIl-

tact, etc.) As computers became more powerful and
the technology became more mature, eventually
entire planetary gear sets were rolled through mesh
with 2-D models. 3-D modeling needs to go
through a similar evolution.

Conclusion
Considerable progress lias been made in

automating 3-D analysis of"spiral bevel gears in
mesh. Programs have been written that start with
machine tool settings and can create finite ele-
ment models of any mesh density. Th.is is done by
numerically evaluating the kinematic motion of
the manufacturi.ng process for generated spiral
bevel gears and creating input data for a commer-
cially available 3-D solid modeler.

Deformable gear tooth contact is modeled with
the automatic generation of non-penetration con-
straints. This is done by contact algorithm in a com-
merciall y available finite element code ..The contact
algorithm elirninates the problems of mesh distor-
tion associated with calculating the location and
orientation of gap elements.

Although the origina] finite element analysis
was done on a supercomputer, 'the software used
is now available on a desktop PC. 0

lit ·149215.
N ·16!094,
o ·1129'74.

Fig, 7 - Typical contact stress eontears from contact algol"ilil.mFE model.

BA

I'lisl
.... .661>4.
B -18343.
C -JG.I22.
D -4ZJ02.
E -54181.
F -6()060.
G -77939.
H ·89819.
I ·101698.
J -113517.
K ·125457.
L ·1373M.

Fig. 8 - Pl.ot .of contact forces for pinion segment roiling through, mesh.

Ftg, '9 - TwicaJ plot .of contact forces on two-tooth gear segment.
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The Broaching of Gears
lOon KOSBII
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m roa.c.hing is a proc.ess ~ which B. cuttl'.ng.t~ol passes
over or through a part piece to produce a desired form.
A broach removes part materi~ with a series of teeth,

__ each one removing a specified amount of stock.
Broached parts come in various shapes and sizes.

Diameters under .100" and over II n can be produced by
broaching ..Lengths of cut vary from under .125" to over 12".
Helical teeth, spur teeth, involutes. gears, straight-sided
splines, cam splines and radius lobes can all be cut to tight
tolerances using the broaching process. Broaching is often
used to generate internal or external gear teeth mild splines.

Nomenclature
First, let us discuss some basic nomenclature of the round

Of spline tooth broaching tool (see Fig. I), The front end of
the broach is called the pull shank. This is where the broach
machine grabs the tool and pulls it through the part. The
shank length is the distance from the front end of the broach
to the cutting edge of the first tooth. This length is determined
from the pan face width, the broach puller length and the fix-
ture setup on the machine. The front pilot gui des the part onto
the broach and acts as a gage so as not to accept any pans that
may be undersized. The rough, semi-finish and finishing teeth
generate the desired tooth form, The rear pilot guides the part
off the broach. and the follower or relrieverend supports the
tail end of the tool during broaching.

The parts of a broach tooth are shown in Fig. 2. The dis-
tance between the cutting teeth is the pitch. This is deter-
mined by the length of cut of the part, Ideally, the designer
will try to get one tooth to enter the cut of the part as another
one exits. The land is the length of any particular cutting
tooth. The length of the [and reflects the amount of tool life
the user can expect. The depth determines the amount of area
available for the part chip ..

The face angle radius (the radius just below the cutting
edge that blends into the back of the tooth radius) must be
kept constant through the life of the tool. The back radius
(that on the back of the tooth in the chip space) should be pol-
ished and must blend smoothly with the faceang!e r~diIlS.
Any mismatch between these two radii will increase the
chances of the broach chips sticking in the gullet or chip
space. This could lead to extensive damage on the tool.

The face angle is the angle of the cutting edge of the
broach tooth, It is dependent upon the type of material being
cut and in steels, the hardness of the material (see Fig. 3). The
backoff angle (the relief angle behind the cutting edge of the
tooth) provides clearance from. the cutting edge and prevents
the top of the broach from dragging through the part. The
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degree of backoff is determined by the part configuration and
pan tolerance .

B~o.aching Methods
The most common method of broaching is diametral step-

ping, or "nibbling," shown in Fig 4, The broach tooth comers
generate the involute profile "A," The finishing teeth of the
broach produce the major diameter portion "B," When generat-
ing the involute, the tarting hole of the part guides the front
pilot of the broach, Each successive cutting tooth increases in
diameter until. '!he desired fonn is generated, Since the comers of
these teeth develop the profile form, il. is crucial that these cor-
ners be properly maintained. There could be as many as 20,000
or more cutling corners on a broach, If these comers are not
maintained, and one hould become deformed, !hen the qUality
of the part finish uffers. Also, if one cutting comer is not func-
tioning as designed. the following comer begins to "work" toa
higher degree than was intended. This causes premature wear on
!hat tooth, and this pattern will carry OIl progressively.

Nibbling leaves a poor surface, however. To correct this
problem. another method of tooth form generation was devel-
oped, This is the side shaving method' of finishing shown in.
Fig. 5. This method. used in conjunction with nibbling.
increases 'the tooth, thickness and full form shaves the entire
involute profile.

Broaching Tools
The most common gear finishing broach tool used today is

the broach assembly. The assembly consists of both a con-
ventionai form generating roughing bar, which performs. the
nibbling phase, and aMI form finishing shell, which does the
side having. In most applications, the fun form shell offers
the following advantages:

I. Low producti.on cost whenproperly maintained. A
full form clltting tnol call produce a finished pan ill one sim-
ple operation.

2. Quality surface fmish. The full form shell has an auto-
matic shearing action and produces finishes as low as 7~
RMS. Conventional generation broaches usually range
between 50-80~inche .

3. Modified and precise involute profiles. Since the full
form is being cut by the shell, it is pes ible to holdthe
desired! profile form and required tooth thickness to high
degrees of accuracy.

4. Extremely accurate 'loo!:h spacing and lead. Since the
shell is a smaller piece, controlling of the manufacturing is much
easier. andthi control will be reflected in the quality of the part.

I~g, 5 - Side lhav'mg,

SERVICE/OUAlIITY!

We've been servicing customers for more 'Ihan 30
years, with reliable SERVICE and QUALITY" because
each gage Is carefully produced to spec, with a trace-
able certifiCate if required.

We supply to ANSI specifications
British and DIN Standards, and
to those for French, Italian and
,Japanese splines. We also supp:ly
master g:ears. Call to discuss your

reQuirements with us,
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COMMERCIAL HEAT TREATIIING
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Vacuum Heat Treatment up to 2400°F
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Bright Finish • Carburizing

Annealing Stress Relieving
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Black Oxide Coating • Metallurgical Consultation
Metallography and Micro Hardness Testing
Steel Identification and Chemical Analysis

Vacuum Carburizing
Heat Treatment of Oil Hardening Steels

IHauni IRichmond, Inc.
,2800 Charles City Rd.• IRichmo:nd, VA 232311

Phone: (8041222-5262
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versatile, accurate, eccnomleal

Hob '& Cutter Meas,uringl lnstrurnent
The base instrument in this new series is designed to mea-

sure rake of flute, radial or hook, and parallelism (includes in-
dicator stand), Option for inspecting index spaelng (includes
index paw mechanism wi,th tooling - precision arbor and index
gears), using new index gea.rs or your ,existing 6" ITW ort 0"
Barber Colman index gears.

.For,fBst reSlJ, Its, the_'best way' :to,'"cutcosts AN.D-0' ,
improve quality while reducing scrap "III! a "

is Hob & cune: Inspection I ' 0._

Contact 'Ustoday forspecifica.tions, pricing
_____ http://www.geartechnology.com ,----,
For specifications call (630) 377·2496 or Fax (630) 377-2546

MANUFACTURED GEAR & GAGE, liNe.
P: O. BOX 7155, ELGU·..j,ll 60121

CIRCLE 164

,SPECIALIZING
INVOUR
NEEDS

4,Genemtions
Experience

Phone: '(60.2)258~7751
FA_X.:,(602) 258-7767

PHOENIX
HEAT

TII.EA,TING
INC~

• ICommerci'al
• Aerospace
• Vacuum, Endo, Salt
• Ellectro-:Pollish Metall iFini.shing
• Priess Quench Ca:p,abH'itiies
• IColpplerPlating
• !Mart' -m-- er' A'--st --m--,- r1 e p __/~_u e 1pe_,

10% DISCOUNT ON FIRST ORDER
FOR MENTIONIIN'G AD
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____ TECHNiCAL FOCUS 11 _

Fig. 6 shows a typical assembly .. Part B bows the arbor
sect-ion of the roughing bar, The side shaving shell shown in
Part C win be positioned all this arbor. Part D is the rear pilot
locknut, which holds the shell in place.

One major requirement on most part prints and process
sheets is a concentricity tolerance. As shown in Fig. 7, good
concentricity can be obtained between the outside diameter
and inside diameter. This is done with a dwell tooth section or
alternatlng round and spline section. In this case, the spline
teeth generate along the D.O. and qualify the major diameter.
The fun round teeth between the spline teeth remove stock in
the spaces of the splines or minor diameter. Since both of the
diameters are manufactured in the same operation, the con-
centricity between the 0.0. and LD. are virtually perfect.

The most requested type of concentricity is between the
minor diameter and the pitch diameter, as shown in Fig. 8.
The P.D.lLD. concentricity broach looks identical to the
D.D.II.D. concentricity broach. However, instead of the spline
teeih increasing on diameter, they step eut 00 the spline tooth
width, The full round teeth still generate on the diameter.
Since the tooth thickness at the pitch diameter is being held
with the minor diameter, the two will be concentric.

iBroaCh,ft Bro,aCh~LOCkn. utBody Shell

m:tL-~
! A Complete Assembly

m11E[f)rnHeB @
e, Broach Bar 'Rougher - Side and End Views----~~~---------------------------------T------------------
l1fj;m=;==::::=~~ Side and End

., ~ 1 1 ti • Views

nm.rlllJl~,~~." e.,,#.- _,I". :-~~,'.
IBroach Shell .v

II C
Locknut

Side View

Fig. 6 ry-pica,1Ibroach tODllssemb'lly.

GOOD CONCENTRICITY CAN BE EXPECTED
BETWEEN LD. & 0.0. WITH CONVENTIONAL
ALTERNATE ROUND & 0.0. GEAR CUTTING TEETH. I

r O,D, CUTIING TEETH I/", /:\ r 1'0. CUTIING TEETH\ '- -J1q'T~';;EUEVE~ AND
GROUND WITH BACKTAPER

Fig. 7 - 'Concentricity !between the inside and outside diameters.

http://www.geartechnology.com
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Shave The Time On Shave Cutter Delivery
National Broae .Now Has

'W·· .. . ith the latest in CNC
. . equipment and manufacturing

. . proce es, all of which are controlled
in-hou e.along with fuIl CNC inspection capability, your have
cutter demand can be met with the National Broach .ESP (Expre s Service
Processing). ESP deliveries on new Shave Cutters are shipped within
4 week or you can u e our standard quick 6-8 week delivery service.
Standard turnaround on reconditioned Shave Cutter. are only 7-10 days.
E P' ervice i ,a~0 available on reconditioned tool .

Along with the fa te t deliverie available, National Broach tands ready
to meet your need- with experience, application assi tance, engineering,
training, full cu tomer support and cost effective tool .

To fulfill your needs ... caU the company with the be t delivery! ... contact
our Shave Cutter Department for immediate a i ranee.

Nat:ona.1Broach" Machine Co.
The Leader In Gear Shaving Technology

17500 Twenty-Three Mile Road Macomb, Michigan 48044
Phone: 810-263-0100 Fax 8110~2,63-45711
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EXACT & IREPiEATAIBLE,
IGEAR, IDATA

No,set-up or master required, PC based SPG program
availabl,e or RS~232port. Precision Tungsten Ca~bidle
balls or pins for masimurn accuracy. Robust con-
struction-Each gauge custom built Over/under digi-
tal display wI inch or mm conversion.

PHONE OR FAX FOR BROCHUR:E OR. DEMO

Member of AGMA
P.O. Box 387 " Springboro., ON 45066 " Fax: 5131746-5103

Phone: !5131746-38001

• E-mail: digit@erinelcom
CIRCLE 157

I

• OEM-- Gear Hobbers, I ~Shapers, Grinders and L .J

Inspection Machines
• RellNlJlufacturejRelNfltjRe'bullci

of Your Barber-Colman Machines
• Pa .... jServicejR.pair of Your

Barber·Colman, Bourn & Koch Machinery

2500 Kishwaukee SI.
Rockford, IL 61104
Phon (8,15),965-4013,
FilII (615) OOs.G019'
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••• _TECHNICAL FOCUS••••• _
If the diameter of the tool is large enough, the most

effective means of supplying a P,D.fI.D. concentricity tool

is with the body and shell method. In that case. the rougher
body generatesa form with a smaller tooth thickness, [t also

cut 1.0 a full depth and generates a protuberance tip to pro-

vide clearance for the shell outside diameter. The shell then

qualifies the minor diameter and circular space width :in the

part simultaneously ..
Internal running gears are good candidates :for broaching.

Becau e of broaching's suitability in high production applica-

tion • 'the quality demands of customers and the low cost per
piece 'that broaching can offer, most autornetive ring gears,
both pur and helical, are manufactured by this process.

When broaching these ring gears. (he pull broach assembly
is recommended. The roughing bar in this assembly generates.

Lhebasic involute form, leaving stock for the side shaving
shell to finish (see Fig. 9).

Right. or Left Hand?

The traditional helical broach can be identified for obtuse

or acute and right- or left-·hand helix by following orne basic
rule. The helix angles, hown in Figs. 10-11, distinguish the

acute ide of the broach cutting face. Conversely, the obtuse

side produces an obtu e angle with the cutting face. To deter-

mine ill right- or left-hand helix on the broach tool. simply
look from one end of the cutting tool to 'Ihe other. Whichever
direction the spiral of the teeth run in i .the hand of the helix
angle. You call lise (he fo.llowing methods to determine the
hand and acute or obtuse side of the part:

1. When holding the part, the side of the broach entry

should be facing you. Looking al the lower section of the
part •.the side of the teeth which can be seen is the obtuse side.

2. When you hold the part and look in '!he same manner,

whichever shoulder the piral of the splines points to indi-
cates the hand of the helix.

Lead Bar and Dra.wbar A embLies
Production of the helical ring gear requires some addition-

al tooling-tbe lead bar and nut assembly shown in Fig. 12. As
the broach passes through the part, the lead bar and nut assem-
bly spin the broach on the identical lead of the teeth. Most heli-
cal broaching is performed on a vertical pull clown machine;
therefore. the driving flats on the broach are placed in the
retriever ,end. The lead bar and broach 'bar must have identical
lead . Otherwise increased torsional forces are applied, and '!he
broach will cut an exaggerated form. For this reason, both bars
snould be manufactured from the same tooling.

Industry has demanded larger diameter tools to coincide
with the increased number of splines in the ring gears.

Therefore. new tooling designs, especially for earth moving
vehicles, have been developed. Thus, the drawbar as embly
was created. The reason Eli new concept was necessary was
the ultimate weight of the took What the engineers
de igned was a long arbor called a drawbar ( ee Fig. [3).

The drawbar can range up to a 6" maximum 0.0. and 108"

in length. The rougher body section is loaded from the front

end of the drawbar. This roughing body has been made up
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Fig:. 9 - SlIccellivl:110ck I1Imova'll ~y ,II fulll f01'1IIIfinishing 1001.The tool
bn Iboth nrug"hinlll end finishing sectiona INib'bling t ,_lb LmllY8 mllS1 of
tha ma18rial; the. 'llIlclal side~shll¥inlliteefh remove 0.005- oll1ock or
morll from tIleel1tire ickness otth.,lelth. 'Onl,' OPll',opa, _tion Iii naedali'.

Model GUM 12.5-3,.5
Gear Honing Machine'

S2l,i995
'IShovelS 81:50 IIvail!ablell

•
~-"i." ~-".::.~,. . 1·

. . ,
,

Ba'"
Model GH8:.&FP
IFinelP,ilch Gear Ho'bbe-
$46,,995

Modea GSB-DlS
GearShaper

$59,'995

Available 'with
TUting Tablel

'ltor' Taper IGears)
I
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Fig. 13- Construction details of a tlmsioned dr,awbar broaching tooll•

Two Finish-Broached' Parts

Two Unbroached iBlanks

Fig. 1" - ICutaway view of pusbup pot broaching prac,ess mowingl bow
two PB_rts can bo,producedillt 81 tima.
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to II" in diameter and almost. 70" in length with a 3" hole
bored through the center. A front pilot and front locknut
contain the roughing ection again t a positive stop
designed in the drawbar. The full form finishing shell is
mounted from the rear end of the drawbar, Then a rear pilot
locknut is mounted and secured.

External Spline or Pot Broacbing
The engineer has .everal option. when chon ing 'tools for

bfloaching external splines. First. an all-broach ring or wafer
assembly can be used. In this method, a set of rings each cut
progressively into the outside diameter of the part. Therefore,
the first cutting ring, having the largest minor diameter in the
set, begin ~obreak the urface of the part. Then each follow-
ing ring gel smaller until the de ired spline or invollll.e fonn
has been generated. The set of rings is a sembled into a pot.

There are different types of pots, but the one shown in
Fig. 1.4 will be the model used. Each ring basa precision
cut location slot machined in its outside diamel.er. This slot
provides the proper lineup from ring to ring as the cutting
tools are mounted into the pot shell with the locating key.
The O.D. of the rings re ts on four precision ground rails,
two in each pot shell half. A flat surface. ground o.ff-center
on the O.D. of the ring, L used as .8 visual check to make
SUre the rings were properly assembled. Once ali the rings
are placed in the half. the assembler can teU whether one
rin.g wa mistakenly put in backward . U aHllte Oats line
up, lite rings are in the arne direction.

Broach rings can also be made to rough-cut a sp.line first,
Then, using a few rings at the end of the assembly. it can be
side shaved. This procedure gives a better involute form and
better control of liIe circular tooth thickness.

Another means of generating teeth is the broach insert
method. In this method broach inserts are mounted into holder
rings, which are set in the pot shell halves in the same manner
as in the broach ring method. From the outside of the hold
ring. et screws are used to lock down the insert. Broach
inserts offer more flexibili.ty, but the spacing is nota accu-
rate as a broach ring.

The third way is a combination of the two. This method
offers the best of both world . Broach in ens can "hog out" the
materia] and then give it a fine finish with a few ide cutting
rings. The deep splined sprocket gear is an ideal application.
Some po range in length from 10" of cutting tcelll to 60". Pari
outslde diameters of over 6" have been pot broached.

Manuf:a.cturing Broacb Tools
Manufacturing of spline or gear toothed broaches has

become an art with the increasing demand for tighter part
tolerance . The broach tool must be processed carefully
from the lathe through shipment. Once the certified tool
stock is defivered to the manufacturing facility, this tender,
loving care begins.

Fir l the broach is turned, leaving a predeterminedamount
of grind stock, which is dependent on the diameter of the bar.
The puller and retriever ends are roughed out Then the spac-
ing of cutting teeth and taper of the bar are establi hed.



More than a century's experience of world class machine tool d esign and
manufacture has led to the creation of the next generation TG350E
CNC Thread Grinding machine from Holroyd ..

An outstandingly versatile and flexible machine, the TG350E can grind
a wide range of helical forms, from low quantity prototypes to high
volume production, with fast and efficient changeover between jobs.
• User-friendly, with simple touch screen controls.

• New and powerful profile management software ensures eomistenr accurate
profile grinding to microns.

• Digital scanning probe fOT 'in process' dosed loop measurement of aU key
elements and automatic co:rrection.

• Hardwan~,and programming set uptime r~juced to a m.inimum.

• Hydrostatic bearings fOTincreased stiffness for closer infeed control and higher
accuracy.

• Workhead controlled by a ,high resolution AC digital seroo y.'tem through a
DIN 2 Standard Holroyd duplex worm & wheel. Position feedback is II direct
mounted optical encoder.

• 45kW grinding spindle motor.

• Slant bed desigtl gives the TG350E II greater ad'llantage in absorbing cutting
forces and protlides essential stability beyond eom.tentional grinding machines.

Holroyd is much more than simply another supplier of specialized.
machinery and components - it's customers receive a total servicethus
ensuring that they take full advantage of Holroyd's unmatched wealth of
application engineering knowledge.

THE NEXT GENERATION
~ DIJ>JG MAG HE

ILR
lntl. Headquarters.Harbour Lane North, MlInrow. Rochdale 0L16 3LQ. England

Telephone: (44) 01706 526590 Telex: 635772 Holryd G Fax: (44) 01706 353c350
USA Office: RLH ASSOCiates, Inc .• P.O. Box 807.3302 Hwy. 74 West Unit C. Monroe, NC 28111

Telephone: (704) 282-4895 Fax: (704) 289-9147



Preclafon Systems now pttch
(tooth thickness/space width) Oaglng $yatems.
manufacturers can verify actual tooth or apace thick-

ness at the pitch diameter.
A unique constant preeeur8
gaging head assures accu-
racy over the full range of
the gaging system. Both
Automatic and Manual

Models are available. The Automatic Model U888 a
digital readout which can be linked to SPC. For free
brochure, circle reader service nUmber. For'.
action, can 937J85g..&273 or FAX 9371859-4452.

Fairfield,. the largest non-OEM U.S.
custom gear and drive system manufac-
turer •.offers you the most ,extensive
heat treating and surface preparation
capabilities linthe industry for you.r
contrad manufactulring needs:-

I. MoreThan 6(11 Furnac,es&
lhermal Treatment Operations

1.1 Normalizing 81.Annealing
.1 Quenching 81Tempering
• Sfmt Peeningl ,81Blasting
• Straighteningl
• I'nduction Hardening
• Full Metalil!urglical Lab
• Gas,Carburizingl &. Nitridingl
• Press Quenchingl

Find Out More. Call R. J. Rothchilld,
Manager, or visit FaIrfield's 670,000
square-foot manufacturing facility today.

FAIRFIELD
GEA.RED fOR EXCELl.ENCf

Fairfield Manufacturing Company, Inc.
first in Custom Gears and Drive Systems

U.S. 52 South
P.O. Box 7940
Lafa.yette. IN 47903-7940 USA
Telephone (765) 474-3474
FAX (765) 477-7342
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From the green operations, the broach tool is sent to heat
treat, where the cutting section is brought up to an approxi-
mate hardness of 64 Rockwell "c." The puller and retriever
ends are then drawn down to about a 50 Rockwell "c." This
is done to make the ends more durable so they can withstand
the constant pounding applied during the broaching process.

After heat treatment. the broach goes to the 0.0. grinder
where all the diametersare finish ground. Tolerances of
.000'2" on diameter can be held at th:is operation. Next is the
spline grind operation.

For gear teeth, a master template is used to generate the
involute form (true or modified) on the broach tool. The tem-
plate can reproduce the involute form within .0002" variation.
For a sliding spline tooth, the tolerance of the involute profile
is usually less critical. For this application, a radius and offset
dressing is adequate. The radius approximates the involute
and can be held within .0005" variation from a true involute.

Once the method of trimming the form on the grinding
wheel has been decided, the operator will grind a "dummy"
or a blank on which the profile can actually be inspected.
Minor adjustments. may be necessary. After the operator is
satisfied with the form ground in the "dummy," the broach is
ground and inspected ..

Should the customer desir-e, the broach may be coated w:ith
one of the various types of surface treatments available.
When completed, the broach tool is placed in a wooden box
tailor-made for that particular tool. This prevents any unnec-
essary damage to the crafted broach.

True profiles, plus and minus profiles and hollow profiles
allcan be ground on broaches (See Fig. 15).

Given current technology. broaching cannot intentionally
produce a crown on the flank of a gear tooth or a tapered
hole. This is usually a product of the part configuration, such
asa hub on one end of the part. From spline grind, the broach
~001is face-ground or sharpened. Caution must 'be taken to
apply the correct hook (face) angle, blend the gullet radii
smoothly and minimize burrs,

From the beginning. broach manufacturers have steadily
progressed. to meet the challenges set before them. New and
improved techniques for both design and manufacturing are
always being developed. The main goal is to keep broaching
a viable source for producing parts. 0

Acknowledgement: Presented at the SME Basic Gear
Design and Manufacturing Cline, Feb. 28-.29, 1996.
Reprinted with permission.

Don IKosal is a sales engineer with National Broach &: Machine in
Macomb, Mi. He has many years' experience in broaching and has pre-
sensed papers at SME and AGMA technical conferences.
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tion on particular subjects can find it.
Take the time to notify these "search
engines" of the existence of your site so
they can include it in their indexes. The
service is free, and you can register
right online.

Spend the time 10 tinker with the
wording on your pages so that yours will
be among the first to come up under par-
ticular topics. Usually search results are
listed in groups of ten, and your goal is to
get as close to the top of the list as you
can. This will take some persistence and
considerable vigilance. The rules search
engines use to categorize site eern to
change constantly, and every search
engine has its own criteria. On the other
band, search engines make frequent
repeat visits to sites, so just because your
company comes up as number 537 under
a category this. week doesn't mean it's
doomed to stay there forever,

The important thing 10keep in mind i .
that search engines are only a backup to
your direct promotion. The easiest and
fastest way to get to a particular site on
the Internet is to have the URL right ill
front of you. See to it that anyone you
think might be interested jn your site
knows how to find it directly,

The Way of the Web
Iwetve tips tor getting Web site visitors and .ke,eping them coming bec« for more,

m kay, ":{:ou've been convinced.
You've gritted your teeth and
decide.d to spend the money itto
launch a company Web site.

Everybody from your teenage propeller-
head to the girl ill the mail room and the
salesman in the flashy suit who gave you
"such a deal" on Web site services has
promised that your site win be the best
thing that's happened to your business
since the advent. of CNC machines.

But you've been around the block a
couple of times. Nothing is as simple or
easy as the true believers make this
sound. Once you're out on the Web,
how do you make your considerable
investment of time, effort. and dollars
really payoff?

JlLSt Buildilll,g It Doesn't
Mean Th~y'UCome

There's a 10I to building a successful
site, but fundamental to making cyber-
space work for you are two basic ques-
tions you should be asking yourself: How
do Iget people to visit my site in the first
place, ami, once they've seen it, how can
Iget them to come back again?

The answers are not complex.
Promote your site eve.ryw.here and

O/IM. This first rule may seem obvious,
and it i5--80 obvious that it frequently
gets overlooked, Web users may be on
the cutting edge of technology, but, gen-
erally speaking,they're not psychic.
They can't visit your site if they don't
know it's there. Be sure your online pres-
ence is mentioned in a11your corporate
literature. Display your URL (Internet
address) everywhere you can-your sta-
tionery, your 'business cards, your print
advertising. Your URL should be added
to any display of your company name,
address and phone numbers. Notify your

best customers that you've gone online
by mail or fax. Send out news releases
announcing it to relevant trade publica.
tions. Don't forget to add your site
address to your listing in professional or
business directories and to promote it at
your booth at trade shows.

Register your site w.ith all th« major
search engine» .. Web sites like Lycos,
AltaVista and Infoseek make it their
business to cruise the Web and index its
contents so people looking for informa-

THIE NEW KID ON THE BLOCK
Welcome to our newest column, online@gs8rtek. Since the Internet seems to be

the Next Wave in doing business, even for "mature" industries like gear manufac-
turing, we want to do what we can to keep you, our readers, up to date on what's
happening online. This column will appear from time to time covering various ways
in which the Internet can help you promote your gear business. We won't be a sub-
stitute for one of the plethora of good computer magazines out there covering the
technical aspects of Web site building, e-mail maintenance and other arcana. What
we hope to do is help relate this new (and to many of us, intimidating) world of
cyberspace to our real lives and real businesses. Let us know how were doing. We
welcome your suggestions and comments.

It.l"'RCH/"PR1~ 1997 57



Explore directory s.ites. Think of
these as mega-sites. They play host tothe
Web sites of other businesses, Examples
are Industry.Net. or Industrylink or The
Gear htdustry Home Page'", The virtue
of a directory site is that it helps clear
away some of the clutter on the Internet.
This can bean advantage to people
looking for your site, because if it's
found on a directory site, they don't

... ONUN,E@GEARTEK.- _

have to search through the whole Web to
find it. On the other hand, access to
these sites is free to users, but. not to
those with Web sites. Space on a direc-
tory site can be quite expensive, and the
cost will have to be added to whatever
else you've spent to get online.

Some of them also require users to
"qualify" to use the site, much in the
same way controlled circulation maga-

PC".20' C'GA®
A Proven Design with Todays'

Technology

TUR,N YO"UR
"R3111IJ aElR~~

ARO',UN,D
WITH OUR COMPOSITE

GEAR
ANALYZE~

ANALYZED RESULTS:
iiiiii~ [il TOTAL COMPOSITE VARII\TION

COMPOSITE VARIAT,ION
[il TEST RADIUS

I

YOUR R'ED llNE,R NEVER
, TOLD YOU THE COMPLETE STORY

NOW YOU WILL GET EV,ERY
DETAIL.

PROFILE ENGINEERING INC.
100 River Street

Springfield, vr 05156
802-885~9176

Fax 802-885-6559'

OIROLE1S3
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zines require SUbscribers to "qualify"
before receiving free subscriptions. This
restriction cuts both ways for your Web
page. The "ruts" you get might be from
people more seriously interested in your
product than the casual swier, but the
requirement pIUS at wall between you and
potential visitors to your site, Many
Internet users are reluctant to give out
even the most general :information online
if they're just browsing, so they may not
bother to check you out.

Repeat BusiDess
Getting people to your site once is

only the beginning. The real measure of
Internet success is getting users to come
back again and again. The World Wide
Web is the essence of an "emerging tech-
nology." We're all learning how to best
use it as we go along, but some strategies
for getting the most out of the Web are
becoming clear.

ThinJcparadigm sh.ift. The Web is not
an. advertising medium as we have tradi-
tionally understood that term, Don't
think of it that way. If all you really want
to do is get your company name in front
of your customers, there are more effec-
tive (and possibly cheaperand easier)
ways to do it

Instead, think of your Internet site as a
dynamic, flexible, 24-hour-a.-day cus-
tomer service outpost. Make a. list of all
the things that YOIl could do from your
Web site. For a start, YOII can provide
infonnation for your customers, answer
their questions, sell products, keep them
informed of important corporate devel-
opments and provide technical support.
If you can think of a customer-related
need, there's a good chance there's a.way
to address it from your Web page.

Be dear a!Joutyour goals. Given the
flexibility and potential reach of the Web,
it's important to be very clear about what
you want to accomplish, .Just because
you can do a great many things 0[1 the
Web, doesn't mean you should do them
all-at least 110t right away, Prioritize
your goals. U's better to do a. few things
weiland add other things later when
you're more comfortable with your site
and its technologies than to do every-
tmng badly. Web users are also becoming
more and more sophisticated every day.



THIAT'S Hcw MU'CH' VALUA.EI:LE S,P'ACE

YiCIU ICANI S,AVIE By C:HICICISIINEai A. NEW

M&IM ,CNIIC GEAR M.AINUFAIC,TUlRIINEai
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TH:IS

MAIG'AZIIIN E

A.INID You Clln devote your floor SPll1j9 to produrnon, not illspernon •.because M&M's
3515 ,and 255 systems hcrvemore than a 30% smaller footprint than some
other gem checkers.

They fit right into your manufacturing cell. And M&M GeametTII networking
withl remote oncil'ysiscopabilily lets you off·load the number crunching to
elimillole inspection bottlenecks.

A 3515 syst,em is more than 20% foster thon its pr,edecessor.The 255 is
ideal for high produrnon ports up to 10" in diameter, A durable integrated CNC
coll1irol,stobie granite base .•and Mylor protected operating ponel make both of
these systems more shop, comp(]~ble.

You eml still count all ullsurpassed o:ecur.a£Y and full fourllXis flexibility. Plus
P'entiumd!! technology and on unmatched sel'ectio" of software opHons, inclllding
bevel gear process contIoll paCKages.

Alii bmbd by the industry's largest domeshc service network - for fast,
dependllble, single-sourlJe servilJe from the folks YOII've trusted fm over 40 years.

(alii for all the free facts now: phone '93:7/85'9-8273; fox '937 /85'9-4452.
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,- M&M PRECISiaN

SYSTEMS' c;..p.vrIan
"THE METROLOOY AND MOTION PEOPLE'
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They'll drop an amateurish or unfocused
site like a bad habit.

Be clear about who your audience is.
Think "customer" not "company" when
planning material for your site. What do
they want? How can your page help them
get it? What do you want them to do?
How does your page encourage them to
do it? People come to Web sites for what
they can get out of them. Your ultimate
goal in planning a site is to make it so

useful and important to its users that they
don't want to be without the information
and services they can get from it.

Update often. Nothing spells death on
the Web faster than stale material.
Update your page regularly. If daily or
weekly updates are not possible, certain-
ly update monthly. You don't have to
redo the entire page, but you should cer-
tainly add new items or delete out-of-
date ones as often as you can. Once your

NOW
U HAVE

THER CHOICE

AJW Systems Co. announces that it is now a
manufacturing source of spiral gear roughing
and finishingcutters and bodies.

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

AJW 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'llbe in for a pleasant surprise.

'S . ht B I C tt RoyalOak, Michigan48067
NEW. tralQ eve u ers. Tel: (810) 544-3852. Fax: (810) 544-3922

____ 1111I111111111111111111I11111111I1111I111I1111I1111I1111I1111I1111I11111111I1111111111I11111111I1111I11111I11I1111111111I111I1111I111I1111I111111111I11111111I1111I11111111I111I11

CIRCLE 105

site is set up, changing the material on it
is not that difficult or time-consuming.
Set up a schedule and keep to it. Help
return users by labelling what's new on
your site. Remember that your users are
paying for their Internet time. It's only
courteous to point them in the direction
of the new things on your site so they can
get to them quickly.

Make your site truly interactive. Just
posting information to be read is not
interactivity. Boxes to fill in, e-mail
forms, hyperlinks to other sites, games to
play, contests to enter, question-and-
answer forums, all involve users directly
and keep them interested and coming
back for more.

Provide information users can't get
elsewhere. Remember what we said ear-
lier about making your site a necessity
for users. You've got to make it worth
their while to call up your'site. Timely,
interesting, original, useful information,
plus graphics that don't take forever to
load, will bring your customers back to
your site again and again.

Troubleshoot your site on a regular
basis. Assign a variety of people to call
up your site from their own computers at
home. Make sure they're using a variety
of browsers. Not all browsers work alike.
Your site may load flawlessly on one and
be full of glitches on another. You need to
identify trouble spots and eliminate them.

Find out how long it takes the aver-
age reader to load your site. Have your
testers check to make sure all your forms
and hyperlinks work the way you want
them to on their personal machines. Ask
them to notify your webmaster of any
glitches in the system immediately. It's a
real turn-off to repeatedly call up a site
only to get an error message of one kind
or another.

Pay attention to the graphics. Your
site is your company's representative in
cyberspace. You want it to look as good
as it can. Busy graphics that serve no
purpose and take forever to load are a
bad idea. So are garish colors that are
hard on the eye. (Just because your com-
puter can use 16 million colors doesn't
mean they should all appear on your
Web site.) On the other hand, a dull bor-
ing site implies that your company is



also dull and boring-not the message
you want to convey.

Use sound and animation sparingly,
if at all. Yes, some pretty remarkable
technology is out there that can turn
your site into an animated video, com-
plete with a sound track if that's what
you want to do. It may not be the best
use of your resources however. Many
Web users don't have state-of-the-art
machines that can use this glitzy tech-
nology, and all your time, effort and

12 WAYS TO MAKE YOUR WEB
SITE THE BEST IT CAN BE

• Promote your site everywhere and
often. You can't remind people of your
URLtoo often.

• Register with all the major search
engines. These are the first place many
Internet users go when looking for infor-
mation.

• Explore directory sites. These
mega-sites can help direct interested
users to your home page.

• Think paradigm shift. Your Web
presence is notthe sameas an old-fash-
ioned ad. Don't limit your thinking with
this comparison.

• Be clear about your goals. Know
exactly what you want to accomplish
before you start to design your site.

• Be clear about your audience.
Know what they want and figure out
how your site can help them get it.

• Update often. Stale content is like
stale bread-nobody wants it.

• Make your site truly interactive.
Use the power of the Web to encourage
direct responses from visitors.

• Provide information users can't get
elsewhere. Timely, original and exclu-
sive information will keep users coming
back for more.

• Troubleshoot your site. Make sure
your site is glitch-free. Web users will
give up on you if getting into your site is
too much hassle.

• Pay attention to the graphics.
Make sure they're clear and logical.
Don't clutter your site with needless
glitz that wastes cyberspace and takes
forever to load.

• Check out the competition.
Research other sites. See how other
sites handle certain problems. Imitate
and adapt for your own purposes.

expense will be lost on them. These
bells and whistles also consume disk
space in huge quantities at an alarming
rate and take an age to load. How many
visitors to your site will lose patience
and leave before they get to your cute
video of meshing gears?

Your site should also be easy to use. It
should follow some kind of clear visual
logic. Users should be able to go to the
places on your site they want to be quick-
ly and easily. Buttons and menus should
be easy to read and understandable.

Getting the look and feel of your site
exactly the way you want it is not easy.
Beware of falling into the trap of think-
ing you can buy a $49.95 "web designer"
program and have the receptionist design
your site in her spare time. It will be
worth it in the long run to pay someone
with experience in Web design to provide
at least your basic "look" and templates
for your pages.

Check out the competition. The
World Wide Web is one of the easiest
places to do this without having to put
on a false moustache and a trench coat
or disguising your voice. Spend some
time surfing the Net. Take note of the
sites you like. See what they do and how
they do it. Then adapt the idea to your
own business.

Go back to those goals you set for
your site. Find other sites with similar
goals and see how they achieve them.
How do other sites build name recogni-
tion? Handle customer service requests?
Provide product information? Fill
orders? Remember that just because
your favorite site is promoting a very
different business doesn't mean you
can't adopt some of its strategies.

Launching a Web site is in one sense
no different from any other new busi-
ness venture. It requires research, plan-
ning ahead, looking out for and avoid-
ing the pitfalls and some hard, concen-
trated thinking. Do that, and success
will follow. 0

Tell Us What You Think ...
If you found this article of interest and/or
useful, please circle 209.

A Quick and Portable
Solution to Your

Process Inspection
Needs

Model 3500 offers inspection
for both center distance and
gimbal type checks, and has
the repeatability and
accuracy of fully
automatic
inspection
machines.
This shop
floor ready
unit can be
utilized to
verify set-up, or in-process
inspection anywhere in a gear
manufacturing facility.

The 2200 Series is a rugged
construction and tough finish
unit available in both stud arbor
and column and overarm
models.

"_11" •~ .
Ideal :-
for on-
the-spot quality control at the
gear cutting machine - saving
repeated trips to the inspection
lab for checks on production
equipment and tooling.

Find out how we can help
you with your gear quality

improvement.

ITWHeartland
3401 South Broadway

Alexandria, MN 56308 USA
Phone: 320-762-8782

Fax: 320-762-5260

Visit our website at:
www.gctel.com/

-itwgears/itwheart.htm

IT[}1f}f
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KRPP
-

M'achineTool's and Prlocess,SoluUonsfor form IGrInding of IGears ,and SpeciaIIPro~i!~es lU,p,to 4,000 ~m ( 13 ft.)' in IDiameter. "'" - .

I'

For G,rin:diing of
..!Externall and lntsrnal

Spur and Hslleal Gears
Geroto:r P,rofil'es

..C'o:mpr,esso.r Rotors

..V:anePump Roto,rs,

..Rotary P;istons,
-Pump S:p'indI11es,
,·Balll Screw 'Iraeks, 'Worms
,..Linear Balli Tlra,cks
..Specia'l Requests

lndusfrias S'erved
..Automotive
..Commerci;aIIIV,ebiic~lles,
..Utili~ Vehicles
-Raiilway
-Air,cr,aft & Aerospace,
-Sb:ip IBuUding
,-Indu's,t,riiallEquip1ment:
,..Energ,y Gene~r,aUO!nl
..Hea~ Duty Maicbi'nery
..Mining &, Co,nstrulction

HRPP TECH
IKAP,P'CBN! Girinding Wheels,

IfRPP Sales & Servic,e L,P.
2870 Willdero,ess Pil!ace Boulder, Colorado USA IPhone (303)1 938-9'737 FAX (303) 447-1131
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_-----------SiEAR:FUNDAM,EN"fALS------------_
New Approaches to Nitriding

What you should know ,about this process now.

D he process of nitrid-
ing has been used to
case harden gears for
years, but the science

and technology of the process
have not remained stagnant.
New approache have been
developed which are definite-

ly of interest to the gear
designer. These include both
new materials and new pro-
cessing techniques.

A list of the desired prop-
erties of a materi.al/heat treat
combination desired for high
performance gearing should
contain the following:
• High load carrying

,capabilities,

• High resistance to scoring

and wear"
• Good low and higbcyele

endurance,
• Good impact resistance,
• Low distortion during

processing,
• Predictable size change,
• Low cost,
• Easy availability.

Ni.trided! alloy steel. can
meet many of these require-

ments. The thin. hard case it
forms ishi.gbly resistant to
both scoring and wear. The
base material can be core-
treated! whigh strength levels,
and the residual compressive
stresses generated! in the case
produce excellent long-life
fatigue properties; however,
because the case depths are
shallower, nitrided gears can-
not be loaded as heavily as
earbarized gears. Nitrided

alloy steel parts also have

improved corrosion resis-
tanceand are more resistant
to softening from heating ..
And, most important, because
the process is performed at
relatively low temperatures
and doesn't involve quench-
ing. both distortion and size
change are very low and pre-
drctable, In most appHcations.
gear teeth are used .38 nitrid-
ed, Therefore, whenlhe total
manufacturing cost is consid-
ered, nitridiog can be more
economical than. carburizing
if operations such as press
quenching or finish grinding
are eliminated.

Early History
The first patent for ttitrid-

ing dates back to 1913.
About ten years later, the
aluminum anoy steel called
NitraUoy was developed by

a very hard, wear-resistant
case could be produced, but
for many applications it Was
necessary to remove the
extremely brittle hard surface
layer. Then in the 194Os, Dr.
Carl Floe at MIT developed a

two-stage nitridiag process
that significantly reduced thjs
brittle white layer. During
this same period, the Ger-
mans developed a nitriding
process, glow discharge
nitriding, whlchemployed an
electrically generated plas-
ma . .After Wodd War D, both
General Electric in the U.S.
and Kleckner in Germany
further refined this process,
and bythe mid-1970s plas-
ma, or ion nitriding, had
become a viable option for
many applications,

Contemporary Ntitriding
Many different nitriding

techniques are available today.

Two 1371. S !l.P'. ,gl.r' just atter
Initdding. They will blllledl in ,.
1310lI0HP marini' driv.,.

iii· Iht prtsfdml of~

Cincinnati Steel TrlJllting
Company. CinciMllIi,On:
Mr; Wolf has bun ,/l presen-
ter ,at socitty of
Mat!ufac1lJring Enginurs
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SPII!RAL BEVEL 'GE'ARS

Spirall & Straight BevellGear Manufacturing.
ICommen~ial t'Dai.·cf,aft ,quality gearing.

Spur. he'lieat splinedshahs, intemal &. external.
shaved & ground gears. Spiral bevel grinding.

Mil!+452D8. Mil-STD·45662.SPC

MJlJWESr GEAR
'& T'IlIlL INC.

.26069 Groesbeck Hwy.
Warrell, MI48089

Put it in the' IQuestion ,I Answer
section on

The 'GeHlr Industry H'ome IP',age™..

O'ne of the hottest departments on
the GlHpTM is the 0. & .As.

Launch your q,uestion into cyberspace
and let your peers answer it.

- -- --

Just log on at geartechn%gy.com.
It's the best spot for gearing on the Internet
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. ,GEARIFUNDAMENTALS:;
Th basic process, howev-

er, is relatively imple .. The
material is heated to 900-
I WO°F in an active nitrogen-
rich atmosphere. held for a
sufficient time for the nitrogen
to diffuse to the desired depth,
then slow-cooled.

The case produced in
alloy steel. contains two
zones. At the surface is a
very hard compound zone
referred to as the white layer.
In conventional gas nitriding.
this layer con ists of am.ix-
ture of gamma. prime and
epsilon iron nitrides .. mil ion
nitriding. the tructure of this
zone can be controlled to
produce a single phase layer
of either gamma prime or
epsilon iron nitride. Below
the compound zone is the
diffusion zone containing
precipitated alloy nitrides.
Both its depth and properties
are greatly dependent on the
concentration and type of
nitride-forming elements in
the steel. Primarily the e are
aluminum, chromium. vana-
dium, molybdenum and tita-
nium, In general, the higher
theaUoy content, the higher
the ca e hardness. However,
higher alloy contents retard
the nitrogen diffusion rate,
which slows the case depth
development and, thus, re-
quires longer cycle times to
achieve a given case depth.

Most gas nitriding per-
formed on gears has been
done' using the two-stage
Floe process. During tile first
stage, pure ammonia (NH3)

is u ed as the furnace atmos-
phere.This dissociates into
hydrogen and nitrogenal the
surface of the steel, produc-
ing nascent or atomic nitro-
gen (N), which reacts with
and diffuses into tile steel.
Note that molecular nitrogen
(N2) will not react in thi s

A Iload o~ 1I;8arl beingl removedl
from I gs nitride,. -

manner. During the longer
econd stage, dissociated

ammoaia (H2 + N2) is
employed to reduce the
aitriding potential of the
atmosphere.

Today techniques are
available which use pure
nitrogen blended with other
gases to achieve the desired
:nitriding potentia] during dif-
ferent tages of the nitriding
proce s. In this way, the opti-
mum case properties can. be
obtained for the application
involved. For example, with
contemporary multi-stage
nitriding we canprecisely
control the white layer thick-
ness to a finite WBOImtor, if
desired, completely eliminate
it without incorporating post-
processing procedures.

Similar results canal .0 be
obtained using modern ion
nitr:iding techniques. In ion
nitriding, the processing is
done in a special vacuum
furnace which has been
backfilled with nitrogen, An
electrical voltage between
the work andthe surround-
ing vessel ionizes the gas
around the work, supplying
Ithe na cent nitrogen needed
for nitriding. Although initial.
work with finer pitched
gear often produced non-
uniform results, these prob-
lems have been largely over-
come, and Ibe ion proee is
being successfully employed
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in the gear industry. For most
work, however, gas nitriding
is the popular choice.

MatenaE SelecUon.
Most alloy steels can be

nitrided, Since the chrome-
containing 4140/4145 grade
is widely available and Ire-
spends very well. it is widely
used for gear applications.
for higher case hardnesses
and core strengths, the spe-
cial nitriding steels such as
the German 3 ]CrMoV9,
Nitralloy ] 35M or a custom
grade should be used. Table [
lists the composition of sev-
eral materials used for nitrid-
ed gearing and the surface
hardnesses that can be ob-
tained with them.

Core treating by quench
and tempering to a marten-
sitic structure prior to mach-
ining is very important This
creates the desired COf"C prop-
erties and also improves the
response of the nitriding
process, producing higher
case hardnesses, Several fac-
tors must be considered,
however, when determining
the desired core hardness.
The tempering temperature
should be at least 50"f over
the nitriding temperature to
prevent changes duting
nitriding, Since as the core
hardness increases, machin-
abil ity decreases and the
ability to produce stress-free
parts becomes more difficult,
the most commonly used
range for 4140 steel is 36-34
HRC. However, for heavily
loaded parts where the higher
alloyed steels are employed,
it is not uncommon to use
core hardnesses in the 36-40
HRC range. One advantage
of ion nitriding is that it can
be performed at reduced tem-
peratures, allowing the use of
lower tempering tempera-
tures during core treating.

When processing parts to
be nitrided, one must ensure
that all decarburized material
has been removed first. This
means thal as-forged webs
and other such areas should
either be fully machined,
masked to prevent nitriding
or carbon-restored during
core treating, Another pro-
cessing consideration is the
removal of machining stress-
es prior to finish machining
and nitriding, It is sometimes
necessary to stress relieve
complex. critical parts in the
semi-finished condition to
minimize their movement
during nitriding,

While most nitrided gears
are placed into service as
nitrided, finishing operations
can be performed after harden-
ing. For example, tooth grind-
ing to remove 0.002-0.005"
per flank is used to produce
large high-performance gears
to AGMA Class 15 specs. For
improved endurance life, shot
peening can be employed if

the white layer is controlled to
a (},'0(}05" maximum during
nitriding. 0

Acknowledgement: A ver-
sion of this article was pre-
sented at the SME seminar.
"The Heat Treating and
Hardening of Gears, " Feb.
27. 1996. Livonia, Ml. Used
with permission of SME.

Ten Us WhIt Yoa Think ...
If you found this article of
interest and/or useful.
please circle 21D.

For mora information about
ClacI.aIII S1aeI Treating Co..
circle211.
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P'R'ODU'CT NIEWS,
We'lcorne to, our ,Product INews page. IH!erewe, feature new products of ,in.eres"olhe gear and gear products markets. To
get more linformation 'on libese, iitems, please circle the Reader Service INumber shown. Send your new product Ire lease
to: Gear lechnoia,gy. 1401 Lu:ntAvenue. Elk Grove Vinage, I:L 60007, Fa,x.-=847·437·661:B.

Be nch.op Grindi ng/La,pping/P'cdishi ngl
Machines

Struers offers three new benchtop
machine for grinding lapping and pol-
ishing. taboPoI™.21. isatwo-disc, single-

speed 0'00 rpm) machine. which isa
successor to the Struer Knuth-Rotor'",

LaboPol-S features variable speeds
from 50-500 rpm, controlled by an

electronic servo system that keeps
peed constant regardle s of load.

LaboPol-} is a single-speed (250 rpm)

basic model. All three machines call be
automated by mounting a LaboFofce""
pecimen mover on them.

Ctitcle300

Double-Filank Gear IRolli Tester
Mabr corp. announce its new DFI

890 series of doubIe-flank gear roll
testers. The design use a leaf pring
transmissioa for preci e measuring
force adjustments to' 0 OZ., which the
company says is particularly important
in !he measuring of plastic or powdered

metal gears. The proprietary WinGear®
software is compatible with Windows
95. Standard te ts include total compos-

ite, tootb-ro-tootband radial runout.

Tests for radial center distance or size

variation and calculation of torsional
backlash are available as options.

Ciocle 301

ating temperature of 2000'°F. The work
space dimen ions measure 30" wide x
60" deep x 30" high. Insulation of this
furnace consists of 6 IIi" thick floors
with 4 W' thick firebrick and 2" thick
block in ulation, The heating element
are high-temperature coiled wire up-
ported in lightweight ell; I ceramic fiber

insulation with excellent 'thermal shock
resistance and low heat retention. The
vertical lift door is in ulated with a
2300°F ceramic fiber blanket The fur-
nace is equipped with a NEMA 12 dusl.-
tight, oi I-tight control panel.

CHIcle303

Non-Lubricated .•Cast G,ears
Intech Power-Core" gears are made

11l a unique proeess wherein a composite

material is cast onto a knurled metal core.
The manufacturer says they are well-
suited for applications in which noise,

moisture or corrosive chemicals are pre-

sent The metal core permits a ecure
attachment to a shaft, with connecrion
madethrollgh the keyway. For flanged

connection • a bolt circle i designed into
the metal to achieve full clamping load in

the connecting bolts. Available in a vari-
ety of sizes and materials,

reel and aluminum,
CLl'de302

Thel Ban Bar Thing
Available from Bal-tec IDivi. ion of

Micro Surface Engineering. the Ball Bar
Tll'ing is a new approach 1.0 interim

checking for CMMs.h uses two ball
bars for more data points at each index
and can be indexed to eight fixed and
repeatable po itions. Its simple con-
struction-no. air lines, valves or cylin-
ders- ....makes it inexpensive. It also use
standard off-the-shelf ball bars and
kinematic hardware. The Ball Bar Thing

meets or exceeds an quality require~
rnents as outlined in A_NSf B89.L12M
for the "Performance Evaluation of

Coordinate Measuring Machine ."

lH'eavyDuty Box Furnace
The Grieve No. 746 is a heavy duty

box. furnace with inert atmosphere con-
struction w.h:ich is currently being used
for heat treating carbon parts. Heat input
of 63.9 kW provides a maximum oper- CirdeJ04
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TRIM® :Str,aigM Oil &: .Additive,

Masler Chemical Corp. has added
two new products to its TRlM® line of
cutting and grinding fluids. TC 212
defoarner is designed not to float out or
to be filteredout as part of the typical
machining and/or coolant recycl:ing
application. This non-silicone defoamer
is formulated to become an active com-
ponent of the coolent working olutien,
It combats mo t foaming in chemical
emulsions and semi-synthetic products.
OM 30] isa heavy duty, chlorine-tree
straight cutting oil designed for use in
conventional and Swiss-style screw

Chemical Deburringl P,racess
Surface Technology, Inc. introduces

DEBURR 1000. an electroless chemical
process for removing burrs on steel
parts without distortion. Using short
immersion times, the process severs
burrs from tile workpiece at their bases.
The burrs then dissolve in the bath,
Longer immersion times poll h. shape
and round the edges of preci ion part .
Accordjng to the 'company. the process
also leaves parts clean and suitable for
lmmediate use or subsequent surface
finishing operations.

Ciocl.e.305
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168 GEMI TECHNOLOGY

IKEGAI AMERICA CORPORAJ'ION
2246 North P,almer Drive, Suite 11111

SchaumburG.lmnal, 60173
TEL (8471 397·3970 FAX (847) 39(.7535

turning centers
and! high-performance, muhi-station
machines. Both products are available
in 5-galloll pails, 54-gallon drums •.bins
and tank wagons.

Cm:le 306

CaUbration Instrument
Fred V. Fowler Co ..introduces a new

FowlerfI'rimo calibration instrument
combining horizontal and vertical orien-
tation to provide checking of all types of
gage . The Fowlerffrimos THV has a
maximum mea uring range for all inter-
nal and external dimensions of 4" (100
mm) and, by virtue of its multiple acces-
sories. can check plug, ring, thread plug
gages. dlal and lever indicators as well
as preci ion manufactured parts. Its
Heidenhaln measuring sy tern assures
high accuracy and repeatability of
.OOOOO5"±2s (.I.J.lm).

Circ:le307

Gear IDressing IProducts
Dr. Kai er offer a product tine of

rotary diamond dressers for gear grind-
ing applications. Solutions exist for
most online and offline dressing sys-
tems. including Reishauer, Fassler.
Gleason, Hoglund, Normae. on
Solutions, Liebherr, Csepel and Niles.
Dr. Kaiser produces direct-plated and
sintered construction in a fun range of
modules and pressure angles. Special
modification can be designed from
eu tomer gear data.

,Circle 308

Tin Us Whet You Think ...
If you found this article of interest and/or
useful, please circll 212.



TRUE DIMENSIO'N GEAR INSPECTIO:N'

Provid actualo r
ball/pin m asurment
! fan heli aI r spur
g ar or pline 'without
lb· n d of dy
, etting master .

Provid vial
information.

851 OHIO PIKE .. CINCINNATI, OHIO' 452:45- (513) 752-6000 - FAX (513) 752-5599
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'9" o~n.
8" I.D.

Saikuni AtakallGroop .. Atka MachineJY' Co", Ltd ... Ataka Enginee1inOI'CO., Ltd.
IPhone, (81"52-712-0690 '. F,ax (8:H-52-71Z-DIm

a-mlil: atLb@m_xJ)'.meshnet.or.jp

Rack IMiliingl Machine NR-,Bll
3·bis CNCCOlllrolled Macbin
• TIlls, macllIne canl,cLll'11111works under la~ge stock. removall and Ilrlil
lead's with lutDm_tic cutting cyele by pre-SIlting ilia cutlJng dIll.

:SEE BOTH MA.CHliNES AIIG'EAII EXPO '917 '1iDEJIROm,
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I ~

•
J I '

S:piralllCutterSharpeningllMachine NiCG-125J205
~dvancDd, Fully A_lJtomllic,Mu/li·PltrposD, 5-AxiI ONGGr!indiDIIIMlcbin
• flllll alllom~c cycle with Bl/tomalic ClJltBlllositianing device
• Pawer clamping, tOJ allY Ilold/unlDad
• IEsy :1I111p i imiuJ dome
• A1'SDIhIJllIIDI 'CDlLlflu, hUe.1 pinia- - _.
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SERVICES

GEAR TOOTH
GRINIDING SERVle!ES

.' Cost eHective gear t,ooth grinding
specialists

.' Gear manutacturers are our only
customers

• Prototype and production q,ua:nhties
• Capacity t,027.5" P.O., 3.511 !P.
• Able to match delivery to your

requirements
• All service toAGMA standards with

Cernfied Gear Inspection Equipment

PRO-G,EAR COMPANY, INC.
23 Dick Road Depew, N,¥ 14043

Phone (716)'684·3811
Fax 1716) 684-7717

CIRCLE 1,80'

GEAR TOOLING

GEAIR; CUTTiING TOOLS
"On the Sheff Inventory"

DIAMETRAL I MODULE
-HOas

• SHAPER CUTIERS

I lDP and finer
Made to AGMA standard

I

SPECIAL MADE TO ORDER TOOLS

-HOas
• SHAPER CUTTERS
• SHAVING CUTTERS

• FORM RELIEVED INVOLUTE
MILLING CUTTERS

I BA_Rn' INTERNATIONAL CORPORATION I

3384 COMMERCIAL AVE.
NORTHBROOK, .ILUSA 60062-1909

mEL: 847-272-8128 FAX: 847·,272-8210

IE'O(iVl(
EN!GINIEiERINGCOMPANY

1114ll'AUSTlN, TROV, MI. 48083
P,1I0NE 810-689-9100" FAX 810-689-0281

AI,R,CRAFT/AEBOSPA,CE
MIAC,H:INE TOOL

GEARS • SPLINES
SPUR • HELICAL

INrERfiAl. EXTiERNAl
TO 24" DIA.

OPEN IRZ.-300E TIIME

ICURVIC® COUPUNGS
TO 361' DIA. &360 TEETH

CIRCLE 190'

SERVICES
- -----

HOB SHARPENING
COATING SERVICES:

tiN. Ti(C,N), (Ti.AnN. erN

Rat Line Classified: $35 per line, 8 lines per inch, $270 minimum. Classified
Display (3" min.): lX-$585, 3X......:$545.,6X-$515. Additional per inch: JlX-$195,
3X-$185. 6X-$175. Gear Technology will settype to adverti er' layout or design a
classified ad at no extra. charge. Payment: Full payment must accompaIlY classified ads.
Send check or Visa/MasterCard! American Express number and expiration dale to Gear
Technology, P.O. Box 1426, Elk. Grove Village, IL 60009. Agency Com_mission: No
agency commis ion on clas ified ads. Materials Deadllne: Ads must be received by the
20lbofthe month, two months prior to publication. Allceptance: Publisher reserves the
right to accept or reject classified advertisements at his discretion.
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Star ClItter is celebrating its
70th anniversary, 1927-1997

/KJiH~$.....cvnBI """'"'

234611Industria I Pa rk Drive
Farmington Hills, Michigan 48335

Mailing Address: P:O.80x376
Farmington. Michigan 48lJ2·0376

IPhone: (8~0) 474·8200'. FAX:(8101 474-9518

iHow'To Me'et ISO 9001
II'ns;p'ectiion D'emands
Wlith'oul Go.ing IBro!k,e
Simply contact the .gear measure-
ment specialists at Mahr Corpora-
tion. We'll work with you to.find cost- ,
effective' gaging solutions for your I

specific applications. And we offer a ,
complete line of proven, hand-heidi
g;ear measuring; tools and gages in
stock and ready for delivery!

thoose, From:
• Base Pitch Testers
• Snap Gages and

Tooth Span Gages
• Plug IGages
• Bore Gag.es-balt and anvil types
• Thread Ga'g'es
•. And much more'

For fas., ,courteous, nn-hassle
service, ,call.mlav.: 1-,800-969-1331

Mahr Corpora,tion
11435 Williamson Road

Cincinnati, OiH 45241
Phone: 1-80Q·989·13311

Fax: !S13-489-2020
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TO ADVERTISE liN
THE ICLASSI,FIED

SEICTI'ONI
CALL PAT FLAM AT

847 ..43,7..16604 ..



HE[J> ''''ANTED

ADVERTISEMENT
Mannfoclunn n in_ r I. Mechanical
Engineerin and design for !Iud: pan.:.: researcb
and investig ilion; apply data and provide solu-

, lions based on experience and judgment; define
i engineering _ppro<!Ches:plannin I!!Id schedul-

ing: 'technlealleucicrship_ Develop MKI imple-
ment ml!!!uflCll.!rina processes, lI!~isI in procure-
menl of new or improved JrulCbin~" tool.
gauges and utomnrion equipmenr, Assist in
development of plan! layouts, ccordination of
manufacturing activitie for cost reduction and
produclivilY improvement programs in a Ju 1-
'[n:TlIDI: lIWIufll:'Ulring C!)vironmenl.

8acbcJ«s dcgm: in Engineering plus I year
experience in Job alTered. Other minimum
requirement include: CA'O Gr ph.ics.PC
knowledge, practica] working knowledge of
heavy metal rcmo ing machinery with electron-
ic coneols. ~g. costing !!lid e rimating
experience for gears, haft grey iron and alu-
minum, Plant la)'oul and capacity knowledge,
40 HrsJwk., S3.J4OiMo.

Must have legal aUlihorily 10 worK in the United
Stales. end Y01!r resume 10 the D_E.S.
Worltforce ~nter. 500 Nonh Broad Street,
Shenandoah. Iowa 51601-.131 . Please refer 10

Job Order I 1100586., Employer paid adver-
usement,

Gear Muhine Rep.innan -
Experienced troubleshooter for mechanical
and hydraulic repairs. Knowledge of electri-
c III syste ms deslTa ble. No !Jllvel.

Sales CeoniilUllOr/Associl1l Train .. -
We need an ambitious selt-sta rte r with
some' lamillantv With geaT machines.
their tooling ,and accessories to fililhis iob.
Plenty of room for adv8ncement

Friendly work environmem BI our Conve-
niant northwest suburban Chicago location.
Prorit sharing, health insurance.

Cedillac Macbinery Co. line.
1401 laid Aven ...

lilll!illiliilllliiil Ell!: Grove. It &I11III1

Fax your resume to 847-437-6618.

GEAR i\IFG.

IGREAT GEAR
ICOIRP~TAIWAN

PO BOX 217. PEITOU. fElPH tAIWAN

GEAR; '. SHAJT
SPUR;. HELICAL

INTERNAL. EXTERNAL
WDRMJlBE'V-n GIEAR:

IMETRIC lOR AG iA, :STANDARD
RNE, TO IMEDIUM pnCH

ISO 9002
EXPERIENCED TEAM WITH MO DERN EQUI PMENT

ACC~MMODATES All OEM! AFTER SERVICE
'GEA_R RfUUIREMENTS

HOBB[NG- SHAPING. SHAVING,-SkrVING
GR1NDING,· 'CNC GEAJlINSPECTIIIN

TEl 886-H202884 • FAX886·2-6253502

CIRCLE 195

HEAT TREATING

For morl InformstlDn about B product Of leMelldYlI'
lIud 1n'1lIs ISSue 0'1Ge" Technology, cirele 1111 IPPro-
pna' , number on !h, R.lder ResponSi tlrd IfId put
tha card m 'die mall

I\tHlr
AII"mlt' s."i!:I' PI .'.
AGMA 125 lB
AjB~ Magnethermic 117 15,

Amentan Metal Treating Co. n4 n
American Pf8uter. LP. 101 lFe
Arakal Machinery Co. lJ!I. 148 691

ANI Systems 1115 160

Baril International m ro
Bnic Incorporated Group 111 53

Boum& Koch Machlnl Tool Co. 154 52
Commer,cial Steel Tr&lting 12l,IS2 11.29
D.l.G.l.T. 157' '52

Equill!ble Engineering 190 10

Fairfield ManufactlJring 119.184 56.31

Gardner Manufacturing 141 11

General Metll Heat Tre.otJng 185 31

The Glsason Worts 100 'OBC

Sr It SlIr Corp. alTaiwln 195 71

Hauni Richmond 1'l183 (9.31

Holcroft '120 IBC
Holrovd 121 55
Ikegai America 12' 68
InduCloheel 131 33

flWHeartlsnd 110 61
Kapp Tech 145 62

LeCounllne. m 21

LMH.11lI 104 •
M&M Precision Systoms,lnc. 140 59
M&:M Precision Syst ms,

163 511Master Gears/Spline liages Div.

Mahr COIpI Ill19A 21.70

Manufactured Gell II IGage 164 50

Midwest Gear l Tool 113 64
Modern Industries 1116 31
Moore' Products 1116 5
Munwn,SL llQ 12
Nannnal Broach & lMachine 114 51
Nltrex 18,1 2!1
Parker Industries 168 49
Pel'l\' Technology: 148 4

Pfa!!!er Geer School In~e" '9
Pfluta .. M'B&g Cutting 10011, LP. 102

Phoenix HaetTrealinG 144,187 50,29'
:Pre&ritB Corp. 108 166

Pro·Geer III lO
Prom., Engineering 133 '58
Reily", 139 18
R\JsseJ~ Holbrook &, Henderson lilA 4

Sltrcut Sales 12B,132.1!D 2.i6.7D
Surface' Ctlmbustion lIS 10

Umltdl iool :Supply 155 69

1U1 111

_1_ ICont~urInduc~io.~'l
Harde,nmlgSp,eclahsts I

~Pur.helicld and bevel gears
Our 'gear Ihardening equipment
includes 3 NATCO sliomergledl
process machines and 4 AJAX
CNC·contr,o'lied 'gear scanning
machines. We can tool to, meet
any production need. Calli for a
company brnchure.

American Metal Treat;ing ICompany
1,04:3East 62nd Strs'st
Cleveland. OH 441O~

,(2116) 431·4492
Fax: 1[2116143,1-1508

JANUARY/FEBRUARY
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Down ByThe Old Mill Stream
Gear Technology's bimonthly aberration - gear trivia, humor, weirdness and oddments for the edification and
amusement of our readers. Contributions are welcome.

ack in the days when our great,

great, great, etc., granddaddies
were designing gears, one OJ tile
mo t common materials in use

was wood. For fairly obviou reasons,
we don't ee [00 many wooden gears
around anymore. But there are a few.

Your intrepid Addendum staff has
found some-ones that are stm in use,
operating and. not in a museum ..More-
over, they're less than thirty years old.

In a small town in southern Maine, Dr.
Clement A. Hiebert has built a water
wheel to move the water up from a.stream
some U) or ] ~ feet to' his ]4-acre mil]
pond. At the heart of the system is a lO'S
wheel driven by a lantern gear. The wheel
is made of oak, and its replaceable teeth

and the gear are made of rock maple. The
drive is connected bya series of pulleys
to, drive the generator.

The whole system was designed by
Dr. Hiebert and built, not by a gear engi-

neer, but by Tho . Moser" a custom cabi-
net and furniture maker in Aubllffi, ME.
The entire project took months. The
wheel had to be constructed in sections,
and each tooth was hand-cutindividually.

Why. we asked Dr. Hiebert, today,

when everything not run by fo il fuels
i run by computer chips •.did he spend

the time and effort to build a min
wheel? For the pure love of the thing,

apparently. Dr. Hiebert. doesn't need the
electricity the mill could produce, and
pre ently the mill doe n't doanything,

The retired surgeon justifies his
"ancient landmark under construction"

byaying that he "likes projects" which
force a tivity and involve problem olv-
ing, He enjoys the act of pulling all the

pieces of a project together. He also
confesses to a fascination with. moving

o
Z ....A'~,C' ,-
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'''With McBride here as ourfali-baek;
our systems are virtually fool-proof'

water and explains that he spent a lot of

time as a kid poking sticks in water just
to see what would happen. Therefore, it
seemed only logical, once he acquired

property which had a. stream running
through it and once before had been
occupied. by a mill, [0 build another one.

To build gears for the sheer pleasure
of the process: Now Addendum under-

stands that kind of man.

Meanwhile. al die other end
of Shetimel warp ...

Last December, when astronauts on

the space shuule Columbia had to abort

their space walk because the door to the
hatch was jammed, gears were at the

heart of the problem. It eems that a
screw fell from its hole and became
embedded in the gears of the hatch,
probably during liftoff, according to

NASA spokesman Bruce Buckingham.
The loose screws were discovered after
the gearbox was removed fr.om the
hatch and taken apart

We checked with Bruce again in
January, while the Atlantis was on its

way to' meet the Russian space station
MIT and pick up astronaut John Blaha.
who had been on the tanon since last
September. To make :lire the same thing
didn't happen again, before launch, tech-
nicians took apart the hatch on Atlantis,

checked the gearboxes and the screws
and applied II coat of Loc- Tite tojhe
screws, just in c-ase. The ounce of pre-

vention worked. The hatch opened with-
out a hitch, John Blaha wasn't stranded!
with his Russian mends and a multi-mil-
lion dollar screw-up (sorry about that)!
was avoided. ometimes, the down-to-
eanh methods arethe best after all 0

......MII.d•••• r. If you've read this
fir on the page and tnIoYed It, pl....
cIroIll1l





The US,GH HobLer .K.nowledge
System: A unique inaeractiv,
"'encyclopedia" £0'11" the
produ.clion flnnll"

No one becomes a gear expert overnight.
But we can get you pretty close in about a week.

G. e as 0 n 0 ff eli's m 0 Ii' el ba n 2 5 'C0, U Ii' 8 e 8t 0'

Lne ee a se proficii.ency in gear d e s ig n,
d e v e lo p me n t and ma.nufa.cturiing

Getting your gear engineering

and production people up to

speed, and .fully productive,

quickly ... il.'s the reason we've

combined comprehensive

cou es taught by gear

tools andan on-goillg

schedule designed to meet

expert with the be t training
Our new PC-based Knowledge System for the

PHOENrXIIl [25GH hobbing mschin puts

your immediate needs. Here

at Gleason (Rochester, Y)

or on-site at your fac.i1ity.

range of engine ring,
operation and maintenance

course cover the basics of

bobbing, g ar process Iheory

a cumulated experience related to hobber

setup, startup, operation, troubleshooting and

maintenance, as we.!! as spare parts and ather

data, at the fmgertips of gear production

personneL ..24 hOlLIS, seven days a week.

Hard-to-grasp procedure are illu trated with

graphics; animations Ink you tep by step

and applied engineering,
bevel gear cutting and finish- broken S ction hobbing,

through ubje. Is such as hob setup and

ing precesses, gear testing,

electrical and mechanics]

machine maintenance. and

other subjects.

Gear making processes are

complex ....but the decision to

invest in training is a simple

one. We'lJ help you make Lh

most of it.

for course descriplioru ""ad selUldllle eaU Eileen
f(;ayko al 71612.56~6723. F,OI' tj/Ulslrom rceg:arding
cowre contenJ. can David Burt a. 716/2'56.876]'

Yes', IGleasonl ha nil

Glea -,-
,CIRCLE 100'

The Gleason Works. 1000 University Ave., Rochester, NY 14692·2970 .' 716/473-1000 Fax: 711l61461-4348


