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A new name that brings together

Bevel or cylindrical...roughing or finishing...wet or dry...HSS or carbide...the
possibilities are now as broad and diverse as our fast-growing product line.

n the past, you knew us as Pfauter-Maag Cutting In recent months for example, new tough, heat
Tools. But with the addition of Gleason® bevel resistant HSS and carbide materials, combined with

gear cutters and Hurth® shaving cutters, we're advanced new POWER LUBE COATINGS",

now able to meet any and all of your gear cutting have resulted in POWER CUTTING™. This new
needs in ways not even Pfauter-Maag Cutting Tools Gleason Pfauter Hurth technology gives

could have achieved alone. manufacturers the ability to produce both
cylindrical and bevel gears at speeds many times
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Just imagine
what we can do together...

that of conventional HSS tools., Even better, gears

can be cut without the use of coolant, compleiely Gleason pFRUTER HURTH

:.l. [ 4 . L .I‘ i '-..I-I b L il {4 [* E i
liminating the disposal costs and safety and health CUTTING TOOLS CORPORATION

Formerly Plauter-Maag Cutting Tools

issues associated with wet operations

It's just one example of how our tooling, expenence,
and resources will help meet your gear making
challenges going into the next millennium
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Your tool of choice for material, coating, features, size and delivery options.
Fast: J-weck delivery on express hobs for involute gear manufacturing

Flexible: Built to your requirements for size, gash, tooth form and materal

Gashes: Number of gashes will be determined by the tooth form data, unless otherwise
specified. Tooth Forms: All forms, including topping, protuberance, modified pressure
angles and non-symmetrical tooth forms can be supphed under the Express program
Material: PM-M4 is our standard steel for hobs. For those tougher applications,
optional materials are in stock. Coating: TiN, Ti (CN) and (Ti,Al)N Gold Star

Coatings are also available with only a slightly longer lead time

Star. The Mumber One Choice for Products and Service. '
Starcut Sales, Inc,. Subsidhary of Star Cutter Company /

23461 Industnal Park Drive. Farmington Hills, Michipan 48335-2855 E
Phone 2484748200 Fax 248474.9518 e " o i

WwWw. starcutter. com - -
THE LATEST

= INNOYATION

IN HOBBING.

SUPERIOR
QUALITY, SERVICE
AND DELIVERY.,
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Precision
Workholding
Equals
Precision

Gearing
and nobody equals

o
A mechanical ENUGE workholding
solution will immediately boost
your part quality and productivity.
Clamp on a symmetrical or irregu-
lar surface—pitch diameter clamp-
ing is our absolute specialty.

AR R R R R R R . -

L) -

« Accurate to within 20 millionth
of an inch

« Perfect cunoentricity

» Perfect repeatability

» Part-family interchangeability
» Easy to install and maintain
* Meghirucl reliabiiky

Let's discuss an ENMUGE precision
workholding solution for you today!

EMULE

104 Dtis Street - Northborough - MA 01532 - 800 323 3013 - 508 393 1310 Fax
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PUSHING
QUALITY

For over 80 years, Holcroft has
proviced s customers with
quiahty. service and Innovaton

Cur conbinuous push for quality
has helped us carn the
designation from The Ford Maotor |
Company-the only furnace
manufacturer in the waorld 1o be
so honored. Its only one ol the
reqasons why weve remainced
the industry leader in the design,
manulacture and service af high
guality inaustrial heat treating
furnace systems

For more reasans, Corntact our
performance-onented beam aal
12068 Market Street, Livoria,
Michicgan 48150 LSA
734/591-1000 Fax 734/5%1-6443

Pusher Furnaces Vacuum Furnaces f‘ “"
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RED RING

Visit us op the Web at: nal Broach & Machine Co.
www.redringproducts.com

Better Tools Mean Better Parts
Let Us Help You With Your Process

17500 Tﬁenlr-rhraa Mile Read « Macomb, Michigan 48044-1103 « 810-263-0100 » Fax 810-263-4571
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We offer more...

Hydraulic Expansion Arbors

The advantages are obvious:
« < 00012" TIR -
* Maintenance free totally enclosed system ensures
trouble free operation
>
* Workpiece clamping for
-Grinding -Sharpening -Turning
-Milling -Inspection -Balancing
-Fixturing
» Standard hardness: 52-54 HRC
« Multiple workpiece clamping
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Gear Hobbing

Now Manufactured in Germany and the USA!

For the World of Precision

See us at WESTEC ‘99 BOOTH # 5300

SCHUNK Inc. # 211 Kitty Howk Drive ® Morrisville, NC 27560 SCHUNK .

Tel. (919) 572-2705 = 1-800-772-4865 = Fax (919) 572-2818 Precision Workholding Systems

www.schunk-usa.com



Vector Gears

Take a herringbone gear, modifly the
usual ¥ of the herringbone tooth into a
smooth and gracefully rounded “U™,
add a little twist, and you have the gear
that Flowdata Corporation is banking
on being the state-of-the-art impeller
for flow-metering and control—the
Vector gear

“We do a lot of work in the FDA-
compliant industries—Tfood, beverages
and pharmaceuticals,” said Dave Foran,
Flowdata president. “We also sell to
chemical, petrochemical and automo-
tive markets. Because all of our prod-
ucts are based on impellers, our design
engineers are very gear oriented.”

Flowdata's products use pairs of
gear-like impellers to measure floids
moving through various sized pipes and
under various pressures. Previous
designs were, however, limited in flow
regardless of the applied pressure. The
Vector impeller doubles the flow rate
by incorporating large pockets between
the gear teeth

The teeth mesh so well that Flowdata
engineers have been able to eliminate the
external synchronizing gearboxes usually
needed for these applications. This means
that the functions the same regardless of
the viscosity of the liguid the onit is
metering

A further benefit of this alignment
accuracy is that it prevents gear abra-
sion, uneven wear and the passage of
unmetered Muids.

Finally, the Vector's design elimi-
nates the axial forces that push apar
conventional paired gears when they
are under pressure.

Although the Vector was designed
by Flowdata, the actual machining of
the gear was done by BPS Industries of
Baltimore, MD. Creating the gear
required a highly advanced 5-axis CNC
machine tool working from a 3D solid
modeling svstem. Flowdata wosed
Parametric Technologies' Pro/Engineer
to create the solid model, and BPS
used the same system along with
Pro/MFG to program their CNC
machine tools and cut the metal

Circle 254

Welcome to Revolutions, the col-
umn that brings you the latest,
most up-to-date and easy-to-read
information about the people
and technology of the gear
industry. Revolutions welcomes
your submissions. Please send
them to Gear Technology, P.O.
Box 1426, Elk Grove Village, IL
60009, fax (847) 437-6618 or e-mail
people@geartechnology.com. If
you'd like more information about
any of the articles that appear,
please circle the appropriate num-
ber on the Reader Service Card.

Above: A pair of Vector gears.
Courtesy of Flowdats Corporation.

AEVALETI Y e —

World's Slipperiest Solid

The Guinness Book of World Records
lists a patented dry-film lubricant from
General Magnaplate Corp. as the materi-
al with the lowest coefficient of fnction
(static and dynamic) of any solid

HI-T-LUBE was invented in the 1950s
for use in fighter aircraft. The lubricant
was further developed for NASA in the
1960s to be applied to the mating surfaces
of critical moving pants in space vehicles.
Parts treated with HI-T-LUBE can operale
in extreme temperatures (-360°F 1o
+1000°F), vacuum and high radiation
environments, maintaining a coefficient of
fnction of (.03 while withstanding com-
pression loads in excess of 150,000 psi

HI-T-LUBE is made up of five layers
of metals and alloys that are electrode-
posited and permanently bonded to the
substrate metal. It can be applied 1o steel,
stainless steel, copper, copper alloys or
aluminum. Typical applications include
gears, rollers, bearings, pistons, engines
and other moving paris

The 1998 edition of The Guinness Book
features an interview with HI-T-LUBE
inventor Dr. Charles P Covino, who
describes how sometimes Juck is better
than design. “1 put five materials together
and composited them into a lubricant. And
it worked the first time.” Covino said.

Circle 251

Geary and sprockets are protected against wear, sticking, and galling by General Magnaplaie's Hi-T-
Lube® synerpistic cooting.
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Uniform Magnetic Heating

A new patented heal treating process
thai produces a rapid and uniform
through-heating of metal components of
varying shapes and mass may replace
induction heating or furnace processing
for some applications.

Both uniform magnetic heating and
induction heating use coils to set up a
linking of magnetic fields in the work-

T e R 1 e R S

piece, Induction heating systems place
the workpiece inside a heating coil.
Eddy currents are generated on the sur-
face of the component, creating a heat-

| ing pattern on the outside that radiates

or conducts inward toward the core,
Uniform magnetic healing uses two
coils that are permanently fixed around
the ends of a C-shaped laminated core.
Because flux energy passes between

and finishing cutters and bodies.

We also can manufacture new spiral
cutter bodies in diametars of 5 through 12°
al present.

AW can also supply roughing and finishing
cutters, hardware and replacement parts for
mast 5°-12° diametar bodies.

Whether it's service or manufacturing, con-

ment parts and hardware as well as bodies
and cutters.
You'll be in tor a pleasant surprise.

NEW! Straight Bevel Cutters.

NOW
U HAVE

THER CHOICE ...

and it's made in AMERICA!

A/W Systems Co. announces that it is now a
manufacturing source of spiral gear roughing

sider us as an altermnative source for replace-

Royal Oak, Michigan 48067

Tel: (248) 544-3852 « Fax: (248) 544-3922

—— T
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How uniform magnetic heating works. Courtesy
of Mitsubishi fntermationad Corporation,

the ends of the core in a linear fashion,
the energy is evenly distributed
throughout the entire part. The result
is a through-heating that doesn’t rely
on thermal conductivity 1o transmit
heat from the surface to the center of
the part.

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

Uniform magnetic heating is patent-
ed by the U.K.-based CoreFlux Systems
International, Ltd., and is distributed
worldwide by Mitsubishi International
Corporation.

The CoreFlux process has been used
successfully in lower temperature range
applications such as the preheating of
transmission gears for laser welding:
tempering transmission couplings and
drive shafis; shrink-fitting rotors, gears
and bearings: and stress relieving of
wheel hubs, and castings.
Company officials expect o receive
similar benefits in high-temperature
applications such as through hardening

gears

of gears and bearings.
Circle 252



REVOLUTIONS I

New Technology Helps Find
Alloys of the Future

The Marshall Space Flight Center in

Humtsville, Alabama has a containerless

processing facility that will help materials
researchers determine how atoms are
armanged in molten mixtures, which could
lead o the discovery of new, stronger and
lighter alloys and metallic-electronic crys-
tals with never-before-seen properties.

Called the Electrostatic Levitator or
ESL (pictured above), the new machine
was donated to Marshall’s Microgravity
Research Program by Space Systems
Loral of Palo Aho, California. The ESL
uses static electncity to levitate metal sam-
ples, which are then melted with a laser.
This allows measurements of vanous ther-
mial and physical properties including sur-
face tension, viscosity, heal capacity,
undercooling nucleation—how far below
freezing a molten sample will stay lig-
uid—and solidification rates without the
metal touching the test container. Such
contact could alier the test results, contam-
inate the alloy mixture, or damage the test
container itself.

“The levitator provides important ther-
mophysical property measurements,” said
Dr. Jan Rogers of Marshall's Space

Sciences Laboratory. “By using hands-off

measurements, we gel an unhindered look
al the effecis different processing tempera-
tures have on experimental samples. The
imternal structure of materials—like mei-
als, alloys, oxides and semiconductors—
are greatly influenced by heating and cool-
ing rates. The levitator is helping us leam
what structures and whal unigque matenal

capabilities may result from manipulating
various metal-alloy samples”
Circle 253
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a leader in the gear tool business for over 50 years.
v Extensive Stock - All Bore Sizes
v FREE CATALOG
v Diometral & Module Pitches
v SOLID CARBIDE HOBS
v Express Delivery
v TRU-VOLUTE® Closs AAA
v Lotest Coating Technology
v Quick Quotes

Visit us at: http:/ /www.tru-volute.com * Email: sales@tru-volute.com
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Polycrystalline Diamond ™
Dressing Discs &
Precision Products §
Manufactured in the U.S.A. g

B Sharp Included A
Angles (20° Min). [
Sharp Radil E
(0.1 m/m - .004" Min).

Can be relapped

multiple times,

Better surface finish than
Natural Diamond.

We also offer Dressing
Discs in Natural Diamond.

.

r

%
%
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Clipper Diamond Tool Ca."f.-,‘

47-16 Austell Place %
Long Island City, New York 11101 e
Phone: (718) 392-3671 / Fax: (718) 392-4124
E-Mail: clipdiatol @ aol.com
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TECHNICAL FOCUS

A New Approach to
Heat Treating Parts Washing

Rick Terrien

ew innovations in the

management of heat
treating parts wash-
ers are yielding pow-
erful, unexpected benefits.
Simple, cost effective shop
floor practices are being

combined in new ways (o

deliver big quality improve-
ments and significant help 1o
the bottom line. Employing
these steps early in the
process can dramatically cut
waste hauling expenses and
greatly reduce environmenial
liabilities while continuously
producing cleaner parts.
Typical heat treatment
includes heating to some
austenilizing lemperature,
then quenching in an oil bath
After
quenching, the parts are

to harden the steel

washed and tempered to
reduce residual stresses. The
management of the parts

washing step—afier quench- |

ing and before tempering—is
the subject of this article.
How Parts Washing
Impacis Manufacturing
Poorly managed parts
washing operations can
affect manufacluring in
many ways. Quality is per-
haps the single biggest issue
facing manufacturers using
heat treating. Tim Hoeffi, a
heat treating engineer with
Caterpillar, describes the
problem: “Caterpillar contin-
uously strives to increase
quality throughout its opera-
tions, An ongoing evaluation
showed that parts washing
fluids used in heat treating
operations could introduce
quality problems when not
managed properly. Parts
washers covered with oil can
cause poor quality washes
and create other manufactur-
ing problems downstream.
Clean parts are particularly

Fig. 1 — Treat-All Motals deployed a gravity separator above the parts
washer conveyor line. Oily surface solution is pamped up from the wash
tank by direct suction skimming. 0il and grit are removed in the separator
(center, top). Clean, oil-free wash solution is continvously recycled hack
to the wash tank.

important in our gear manu-
facturing operations.”

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

0il dragged from the
parts washers into the draw
furnaces also raises signifi-
cant environmental issues
Oil heated inside the fur-
naces creates a smoky envi-
ronment for the workers in
the plant as well as poten-
tially prohibited levels of
hydrocarbon emissions out
of the stacks.

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

In years past, quench oil

was removed by solvent

degreasing. However, envi
ronmental and safety con-
cerns about solvents have
recently led to a change to
agqueous cleaners.

Early formulations of
agueous cleaners were
aggressive, high pH surfac
tants designed to emulsify as
much oil as possible. Oil that
would normally rise to the
surface was changed into an
oil/water hybrid that was
held in solution. This slowed
the accumulation of oil on
the surface of the washer, but
it hid the problem in an ever
dirtier bath, When the capaci-
ty of the bath to hold emulsi
fied oils was used up, the
bath lost its effectiveness
Spent baths must be hauled

. Rick Terrien

I5 & managing partner with
Universal Separaters, LLC of
Madison, W Universal
Separators bullds the
SmartSkim™ [ine of suction
skimmers and gravity separa
tors for heat treaning parts
washers, Rick has managed
parts washers for over 20
vears and has deyigned and
buils separation sysiems since
975, Universal Separators
can be reached at

www smartskim.com
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Wash Tank

To Gravity Separator

Fig. 2 — The SmariSkim™ direct suction skim head (patent pending)
removes floating oil and other contaminants from the wash tank. A trans- |
fer pump sends the skimmed solution to & gravity separator, where oil
and grit are removed,

|
Fig. 3 — The all stainless steel |
SmartSkim™ skim head (patent |
pending) from Universal Separa
tors.

away by licensed special |
waste haulers due to their |
high pH and high FOG (fats, |
oils and greases) count. The |
costs for these hauling ser- |
vices vary by region of the
country. However, all add |
significant costs to the man-
ufacturing process. Frequent
hauling cycles also result in
the need for expensive
replacement cleaners. |
Current Treatment
Methods

Typical treatment meth- |
ods for keeping parts wash-
ers clean have failed to take

a comprehensive approach to |
W aean TECcHNGLOGY

i been

! the problem. Most employ
tools borrowed from unrelat-
i ed areas of fluid treatment.
| These typical treatments also
i rely on old assumptions |
about cleaners, resulting in
an oily wastewaler siream |

* Drag-Out Systems.

| These include oil belts, discs,

drums and mops and have
the most common
method in recent years. These
devices have a component
that rotates in and out of the
parts washer. Many use an

| beds of coalescing media,

i Oily washwater is pumped |

TECHNICAL FOCU 'S |

i with contaminants, particular-

oil molecules to coalesce and
| grow larger, making them |
| easier to remove. Coalescers 55

i were designed to work in
{ pure oil-water solutions.
! Heal treating parts washers |
i often contain a much wider

{ variety of contaminants, such | avoided, however, with a sim-

ly free oil. On the shop floor,

through the media, causing | membrane filters can become

expensive maintenance head-
aches. Membrane filters also
damage most cleaners by
filtering out valuable cleaner

i components such as rusi

[ as grit, scale and soils. When |

| these solids through the tight
5 passageways of a coalescer,

| that is expensive and labor
intensive to eliminate. '
| Typical methods current- |
i ly in use include:

| of this, an oily waste stream |

oil-attracting (oleophilic) | is still produced.

material to attract oils from |
the surface. As these compo- |

nents rotate outl of the washer,

materials clinging to them are |

scraped off into a waste col-

lection barrel. These devices |

stream that 15 about 50% oil
and 50% wash solution,
which is expensive to haul

uous replacement of new
- wash solution and cleaners.

_ These |
| devices come in a wide vari- |

* Coalescers.

| typically drag out a waste

the coalescing media blinds
over and becomes blocked.
In heat treating applications,
coalescers must be frequent-
ly taken off line and cleaned.

* Off-Line Gravity
Separation. This method

requires operators 1o pump |

out their washers into holding |
tanks for further separation |
over time. The large holding |

{ tanks take up otherwise pro-

ductive floor space and fre-
quent labor input is required
to manage these fluid trans-
fers. Emulsified oil is still
held in suspension by emulsi-
fying cleaners as there is no
mechanism for readily sepa-
rating the layers of oil from
the aqueous cleaner. Because

and cartridge filters have

. been tested 1o solve the prob-

lem of oil and solids in the

wash solution. These typical-

ly blind over quickly, and the

inhibitors and defoamers.
Membrane filters can be

ple change from emulsifying

operators attempt to pump cleaners to oil-splitting cleaners.

Emerging Best Practices
for Heat Treating Paris
Washers

At Treat-All Metals, a
commercial heat treating
facility in Milwaukee, WI, a
large baich washer equipped
with a drag-out separation
system was nol able 1o keep
up with the large volume of
oil. It required frequent haul-
ing of oily wastewater and
replacement of the wash
bath, according to mainte-
nance director Ron Barnhart,

Treat-All tried several
new methods before settling
on a combination of oil-split-
ting cleaners, direct surface
skimming of the oily wash
solution from the wash tank,
and separation of the oil
from the wash using an in-
line, open-channel gravity

separator (Fig. 1).
= Barrier Filiration. Bag |

cost of consumables be- |

| comes prohibitive.

| away and requires the contin- ;

| tight micron rating (typically 1
i micron and under). In wash-

ety of configurations, but |
most employ tightly packed |

* Membrane Filters.

Membrane filters are devices

that filter fluids down to a very

waler applications, they are
designed to remove emulsified
oil from the cleaners. Mem-
brane filters quickly blind over

The emergence of oil-split-

| ting cleaners has been a great

addition to the toolbox of heat
treating managers, il split-
ters emulsify very little oil.
Qils in these cleaners rapidly
separate and rise to the sur-

| face, where they can be easily

removed via direct surface
suction (Figs. 2-3). Newer
versions of oil splitiing clean-
ers are moving toward pH
neutral formulations, which
contribute to improvements in
worker safety.

Gravity separators exploit
the difference in specific




gravity between the oil and
the wash solution. Oil sepa
rates from a Muoid at a rate
determined by Stokes Law.
This formula predicts how
fast an object will rise or fall
through a heavier fluid based
on the density and size of the
object and the distance il
must travel. Open-channel
gravily separators exploial
both variables of Stokes
Law. Oil must rise only a
very short distance before il
is captured on the bottom
side of
inclined plates inside the
separator (Fig. 4).

closely spaced

Once separated from the
flow, captured oil with very
low water content can be
removed from the gravity
This oil, which

contains less than 5% walter,

separalor

TECHNICAL FOCUS I

While oily wastewater pro-
duced by other arrangemenis
must be hauled away at the
producer’s expense, dry oil
can typically be sold for a
profit. Gravily separators dis-
charge dry oil 1o a collection
barrel without any moving
parts, The clean wash water
is returned to the wash tank,
Gravity separators also
remove solids from heat
treating parts washers.
Difficult to remove, light-
weight solids can easily con-
taminate the wash bath,
causing significant quality
problems. Those solids are
typically made op of small
particles of scale, grit, and
stop-off paint, as well as a
variety of other contami-
nants. Solids can be sprayed

{ back onto the part from dirty
is referred to as “dry” oil,

wash solutions. Parts can

| wﬂ | —l

Separated
Solids

SIDE VIEW

Cleaned wash solution back to parts washer

Discharge
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Fig. 4a — Side view showing flow of oily washer fluids through a gravity
separator. Oily solution is continwously pumped from the washer surface
across multiple separation plates. 0il and solids separate from the flow
by gravity while cleaned wash solution is returned to the washer.

END VIEW

Fig. 3 — End view. Inclined plates inside o gravity separslor caplure
and remove oil and solids simultaneously. Open channel separation path-
ways insure no clogging. Because there are no moving parts, separator
management is greatly simplified.
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Focusing on
Direct Honing!

Fassler K-300 & K-400
Gear Honing Machines
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gear finishing process
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With Direct Honing
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+ §and 6 CNC controlled axes
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* CNC control of lead crowning and taper
* Short setup times

CHARACTERISTICS OF HONED GEARS:

* Increased wear resistance

* High surface finish
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* Low surface roughness guarantees a permanent oil film
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also be recontaminated when |

they are dragged through grit

held in the oil at the surface of |

these washers,

Removing these types of |
solids has been difficult and |

expensive. Coalescers have
been tried but their filters are
quickly blinded over by grit.

Filtration devices such as car- |
tridges or bags are sometimes |

used, but these require expen-

sive replacement consumables |

1o stay on line.

Gravity separators do not |
require any consumables and |
are not blinded over by solids. |

Treat-All Metals found that

they don't notice any loss of |
separation efficiency until their |
gravity separators become half |
filled up (50% of the separator |
volume) with solids, which |
{ indicated that their system

typically takes months.
Treat-All is not the only
company which has tried this
combination of cleaners and
equipment. Tim Hoefft of
Caterpillar faced problems

tem. “A review of existing oil |
removal methods showed the |
need for an upgrade,” Hoefft |

says. “Belt and drum skim-
mers were not able 1o remove
the continuous inpul of oil
from the washers.”
Caterpillar tested a surface
suction system similar to the
one in place at Treat-All
Metals. “The test showed that
all oil was removed from the
surface of the washer on a
continuous basis,” Hoefll
says. Following successful

testing. Caterpillar deployed |

several of the systems.

“Due to the system's effi- |
cient use of gravily separation, |

very little maintenance is
required,” Hoefft says. “In
fact, beyond the initial setup,
our rule has been to “leave
them alone.™

The Bottom Line
The combination in place
at Treat-All Metals and
Caterpillar offers significant
benefits:
* Cleaner parts
* Extended bath life
* Cuis in waste hauling
COsIs
* Decreased cleaner
costs
* Profit from a former
wasle siream
* Worker safety and
environmental
improvements
* Decreased maintenance
requirements
All of this combines into
a rapid payback, as opposed
to many other systems cur-
rently in use. Caterpillar’s
review of payback issues has

will pay for itsell in “well
under one year,” says Hoefft.
However, the switch to

| oil-splitting cleaners, suction
| skimming and gravity sepa-
similar to Treat-All's with his |
company’s old drag-out sys- |

rators can require adjust-
ments. For example, most
oil-splitting cleaners are not
good at removing already
baked-on
Also, gravily separalors must
be sized appropriately for the
job to be most effective.

contaminanis.

: Small units can be over-

whelmed by the treatment
flows common o heat treat

t parts washing. However,

given the right configura-
tions, this new combination
can yield powerful, unex-
pected benefits to heat treal

parts washing operations. £




March 16-18. 4th World Congress on
and

Paris La Defense, France. Leam

Gearing Power Transmission.
CNI1
about the current trends in design, materi-
als, heat treatment, manufacturing and
applications of mechanical transmissions.
Nearly 200 presentations on cylindrical
gears, wormn gears, bevel gears, plastic
gears, sintered gears, bearings, chains,
belts and other power transmission com
ponents and systems. Contact Maryse
Deleris, congress director at MCL, 19 Rue
d*Athenes, 75009 Paris,

wrvitrarm @ pwav, fr

France or

April 11-15. Metalform 99, Rosemont
Convention Center, Rosemont, [L. Discover
the latest innovative concepts and applica-
tons in the metalforming industry. There
will be over 300 exhibits at this year’s show,
the largest number ever at a Metalform
show, Sponsored by the Precision
Metalforming Association. Call (3000 PMA.-
SHOW (800-762-T469) or visil the Web site

al www. metalforming, com.

April 13-15. Gleason Pfauter Hurth
Advanced Gear Process Dynamics.
Loves Park, L. This is a three-day, high-
intensity clinic on modern metal removal
and measuring technigues for spur and
helical gears. It is structured for manufac
turing and process management with an
in-depth look &t modern methods, appli
cations and hardware in gear manufactur
ing and measuring processes. It includes

demonstrations of modern gear cutting
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and measuring technigues at the Gleason
Pfauter Hurth Cutting Tools facility in
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all participants have a basic understand-
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some experience in gear manufacturing
and quality assurance. Also runs October
5-7. For more information call (815)
282-3000 or visit www. pfauter.com

April  19-24, Hannover

Hannover, Germany

Messe.
The Hannover Fair
contans the world's largest concentration
of electrical and mechanical power trans-
mission, fluid power transmission and
internal combustion engines. The show
boasts over 7,500 exhibitors from 70
countries, with 1.280 in the power trans-
Contact Hannover

Fairs USA at (609) 987-0092 or log onto

mission sector alone
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April 20-22. Rapid Prototyping and
Manufacturing "99. Rosemont Con
vention Center, Rosemomi, L. The
largest event in the world focusing on
rapid prototyping and advanced product
development technologies. Sponsored by
the Society of Manufacturing Engineers
Call SME at (313) 271-1500 or

WWW.SIRE. Org/rpa Tor more information

visil

April 28-May 2. Korea International
Robot and Automation Svstem Show
99 (KIRAS 99). Seoul Yoido Exhibition
KIRAS 99
include the

Center, Seoul, Korea.

exhibitors will makers of

control and

industnal robots, automatic

MERSUTINE SYSICMS, Aulomalic slorage sys
lems, factory automation systems, aoio-
matic programming systems, FA peripher-
al equpment and other related tems
Sponsored by the Korea Machine Tool
Manufacturers’ Association. Call +(82) 2-
565-2721 or e-mail komma @ kommoorne

for more nlormation

May 5-12. EMO Paris 99. Paris-Nord
Villepinte

Exhibition Center, Pans
France. Burope's answer to IMTS, this
year's EMO promises 1o be the bigpest
yel. There will be some 1,600 exhibitors
from five continents highlighting the best
in today s and tomomow’s technology. For
more information contact Maison de la
mécanque at +{33) 1-47-17-68-68, by fax
12, or visit the EMO

Web site at www.emo-paris.com

at +{33) 1-47-17-67

October 24-17. Expo 99,

MNashville Convention Center, Nashville,

Gear

TN. Sponsored by the American Gear
Manufacturers Association, this s the
gear industry’s premiere trade show,
boasting 53,000 square feet of space for
over 100 exhibitors representing all
facets of the gear industry. For more
information contact AGMA at {703 ) 684
0211, by fax m (T03) 684-0242 or by ¢

mail at Rearexpo @ agma. org
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I you found this article of interest and/or
useful, please circle 204,
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Did they find you?
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Fatigue Aspects of
Case Hardened Gears

G. P. Cavallaro & C. Subramanian

The efficient and reliable transmission of me-
chanical power continues, as always, (o be a central
area of concern and study in mechanical engineer-
ing. The transmission of power involves the inter-
action of forces which are transmitted by specially
developed components. These components must, in
turn, withstand the complex and powerful stresses
developed by the forces involved. Gear teeth trans-
mit loads through a complex process of positive
sliding, rolling and negative sliding of the contact-
ing surfaces. This contact is responsible for both
the development of bending stresses at the root of
the gear iceth and the contact stresses at the con-
tacting flanks.

Gear Fatigue

In analyzing the stresses developed in the gear
tooth, it is useful to begin with a brief description of
the dynamics of tooth contact. Figure | depicts the
cycle of contact and the contact path of the teeth of a
spur gear. The path of contact begins on the tip (the
addendum) of the driven gear tooth, goes through the
pitch point and finishes on the tip of the driving gear
tooth. The gear teeth are in contact along line C-C,.
At all points along this line, with the exception of the
pitch point, the velocities of the contacting surfaces
are different. Because of this, sliding will occur (Ref.
1). At the pitch point the velocities of the contacting
surfaces are equal and there is pure rolling. The
angular velocity of the driving gear tooth is then
transferred to the driven gear by a complex process
of positive and negative sliding and rolling. The

Fig. 1—Meshing cycle of gear teeth.
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bending stresses at the root of the gear 1ooth and the
contact stresses on the contacting Manks are there-
fore generated by the loading conditions of the con-
tacting surfaces. These stresses are responsible for
the dual nature of gear fatigue failures (Refs. 2, 3).

The bending stresses occurring at the root of the
gear tooth arise due to the transfer of torque from
one gear 0 another. The bending stresses, being
cyclic in nature, can lead to fatigue crack initiation at
the root of the tooth. This region acts as a stress con-
centrator and the fatigue cracks which develop here
are classical fatigue fractures (Ref. 4).

The contact stresses anising in, and on, the con-
tacting surfaces of the gear teeth are a consequence
of the forces exerted by one surface on the other
{Refl. 5). These forces create pressure distributions
that are directly responsible for the development of
shear stresses below the surface (Ref, 6). The magni-
tude and location of these stresses are dependent on
the geometry of the gear tooth flank and the dynam-
ic conditions under which the gear is operating (pres-
sure distribution, involute radii, sliding velocities
and coefficient of friction). The failures caused by
these shear siresses are the typical pitting and
spalling types.

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

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



finite element models which were first introduced by
Andrews (Ref. 11).

The bending fatigue of gears is principally gov-
emed by the geometry of the gear tooth, the loading
conditions and the material properties at the root of
the woth. The authors show, 1o some extent, the
importance of the geometry, but do not consider any
of the factors which influence the material proper-
ties. These metallurgical factors depend on the mate-
rial composition and heat treatments adopted, as well
as their subsequent transformation products and/or
residual stress distributions.

Contact Stresses. From the literature (Ref, 1) it
can be seen that contact stresses developed during
the contact of gear teeth can be approximated by
rollers contacting under a known force, the sliding
velocities of which reflect the dynamics of gear con-
tact. From Figure 2 it can be seen that the rollers with
a fixed sliding velocity will approximate the contact
of gear teeth at certain points along the contact path.
Figure 3 displays the semi-elliptical pressure distrib-
ution generated on the surface of contacting rollers.

The problems of contact stress, particularly the
problems posed by contacting rollers, have been dis-
cussed by various authors. The pioneering work of
Smith and Liu (Ref. 5), and more recently the work
on the elastic shakedown of contacting surfaces by
Johnson (Ref. 6) and the finite element modeling of
such contacts by Hahn and associates (Refs. 12-14)
deserve particular mention. However, the stress state
which exists on the contacting surface layers can be
significantly influenced by asperity interaction and
can include tensile and compressive alternating
cycles and shear.

Two different types of plastic zones are produced
by rolling and sliding contact, as shown in Figure 4.
The first layer is due to macro-contact width, usual-
Iy between 1-10 mm. The second, which is much
shallower, is due to micro asperities contact. This
depth k is of the order of 0.5pm<h250pm and is
obviously related 1o surface roughness. Therefore,
depending on the friction developed between the
contacting sliding surfaces, and the nature and
strength of the material of the roller, failure will
either initiate at the surface or subsurface or, in some
conditions, in both.

Metallurgical Perspectives Relating to
Fatigue Performance in Carburized Gears
While metallurgical factors such as oxidation,

decarburization, supercarburization, carbide forma-
tion, grain boundary segregation, type and density
of inclusions present, microcracks and residual
stresses all significantly affect the fatigoe perfor-
mance of carburized gears, detailed treatment of
these effects is well outside the scope of this dis-
cussion. However some of these aspects, such as

Fig. 3—Pressure distribution in contacting rollers, terminology sdopted in Hertzian theory.

oxidation and carbide formation, will be discussed
in relation to the case studies presented. The role of
retained austenite will also be discussed in view of
its highly controversial nature.

Retained Austenite. The mechanisms responsible
for the retention of austenite on quenching have been
reported in detail in the available literature (Refs,
15-18). It is clear that of all the alloying elements
which influence the retention of ausienite on cool-
ing, carbon has the greatest effect. Quenching tem-
perature and cooling rates have all been reported 1o
affect the level of austenite retained (Refs. 15, 16),

The effect of the retained austenile on the fatigue
resistance of carburized components has also been
extensively dealt with in the literature. Nevertheless,
some controversy still remains. In the past, the pres-
ence of retained austenite has been regarded as detri-
mental o the extent of adopting cryogenic ireat-
menis 1o reduce the amount present.

A more detailed picture has emerged from the
investigations carried out by various authors, notably
the work of Krauss (Refs. 19, 20) and Zaccone (Refs.
21-23). These authors have shown that there is a

G. P. Cavallaro and
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possible relationship between fatigue performance
and retained austenite, which can account for some
of the continuing controversy and explain some of
the high fatigue limits being published. The transfor-
mation of austenite to mariensite al the tip of an
advancing crack has been reported in the literature
(Ref. 24) to be beneficial to the fatigue resistance of
the carburized component due to the associated vol-
ume expansion of the transforming austenite.

It has been pointed out (Refs. 22, 23) that large
amounts of retained austenite are beneficial in terms
of low cycle fatigue where the large plastic strains
induce strain hardening from the austenite o marten-
site transformation and the development of favorable
residual stresses. However, in high cycle fatigue, the
relatively low plastic strains do not allow any trans-
formation of austenite to occur. The same authors
found that the plastic strains needed to transform the
austenite are directly related to the prior austenite
grain size and the morphology and size of the austen-
ite packets. In fine grain structures (ASTM 9.5-11),
much lower levels of strains are necessary for rans-
formation (Refs. 23, 24), so that in high cycle
fatigue, which is usually associated with very small
amounts of plastic strains, these structures will be
able to transform and resist crack propagation.

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

Depth 2
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Fig. 8—lllustration of two plastic zones under rolling contact due to macro and micro contact.
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microsiresses. The effect of cryogenic treatments on
the bending and contact fatigue properties of carbur-
ized gears can be illustrated by results obtained from
gear research conducted at the University of South
Australia (Refs. 27-29). Figure 5 shows that the
cryogenic treatment was detrimental to the bending
fatigue properties of the gears tested.

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

(a) If it is assumed that the retained austenile present
in these gears can transform on straining, and that
cryogenic treatment only reduced the levels of
retained austenite, then the non-cryogenically treated
gears have superior performance due to a higher
amount of retained austenite, which can transform
ahead of the propagating cracking tip.

(b) If it is assumed that the retained austenite present
does po{ transform on straining, then the non-cryo-
genically treated gears have superior performance
due to the eryogenic treatment imparting detrimental
residual tensile microstresses in the remaining
regions of uniransformed austenite.

(c) If the retained austenite present does pol trans-
form on straining. and its presence is detrimental 1o
the bending fatigue properties, then the cryogenic
treatment has a greater detrimental effect on the
fatigue properties of these carburized gears than the
presence of retained austenite in the treated gears.

In all cases, these results point to a detrimental
effect derived from the eryogenic treatment of these
gears. Figure 6 displays the experimental results of
contact fatigue tests carmed outl to determine the
effect of cryogenic treatment. This figure shows that
the adoption of cryogenic treatment has proven to be
detrimental to the contact fatigue performance of
En36A steel.

The role of cryogenic treatment on the contact
fatigue behavior of the rollers tested is not as clear as
it was in the bending fatigue section. This result fol-
lows the trend found in the literature, where the
adoption of cryogenic treatment was found 1o be
detrimental to the contact fatigue performance of
carburized components. In particular, the experimen-
tal results of Kiessling (Ref. 31), Razim (Ref. 26)
and Nakamura et al. (Ref. 32) have shown a direct
relationship between high levels of retained austen-
ite and high contact fatigue limits.

Case Depth and Core Strength Requirements. The
determination of the appropriate case depth in carbur-
i ized gears must reflect the stresses developed in and on
| the gear teeth, as discussed in the sections on gear
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stresses. The aforementioned duality of the stress sys-
tem in gears places certain limilations, or at least con-
ditions, which must be satisfied in the appropriate
selection of the case depth, However, it has been dis-
cussed that the role of the hardened layer in the root of
the gear twoth is fundamentally different than that
required at the contacting flank. The literature, as
expected. also displays this duality of role.

It has been known that a case depth selected on
the basis of contact fatigue will not necessarily per-
form a1 its optimum in bending. This has been
acknowledged by some authors. However in prac-
tice, the case depth requirements for maximizing
bending fatigue resistance are usually overshadowed
by the need for contact resistance. A great deal of
controversy still surrounds the optimum case depth
for bending/contact endurance.

The core strength is of significant importance in
the fatigue resistance of the component. This is part-
ly based on the core strength’s influence on residual
stresses, since the magnitude and indeed the polarity

of the residual stresses developed are dependent on |

the difference in volume expansion of the case and
core, The larger the difference, the higher the resid-
ual stresses, provided that the core material does not
vield (Refs. 33, 34).

This simple criterion is, however, questioned by
Ebert et al. (Refs. 35, 36) and McGuire et al. (Ref.
37), who proposed that a carburized structure is basi-
cally a two-component composite, and that each of
these components will have significantly different

elastic limits and plastic properties. At stress levels |

below the yield stress of both the case and core, the
overall stress state will not differ from that anticipat-
ed in a homogeneous solid. However, as the load is
increased and the stress level becomes higher than
the yield stress of the core, the core will flow plasti-
cally while the case will still behave elastically.
Because of the difference in the Poisson ratio for
elastic behaviour (0.3) and plastic flow (0.5), the
case and core will have different contracting tenden-
cies. This creates transverse stresses normal to the
applied stress in the case-core interface region. This
is essentially a tensile biaxial state of stress.

The enhanced ductility of the carburized compo-
nent, as compared to through hardened components,
is derived by the development of compressive trans-
verse stresses in the case, which help it resist the
applied stresses. In carburized steels, the presence of
retained austenite in the case can provide a further
ameliorating effect if it can transform to martensite
on straining. The volumetric expansion on transfor-
mation can reduce the biaxiality of the stress state in
the case. This model highlights the importance of the
core structure in the fatigue process, and it also
defines the actual role of the hardened case. A deep
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Fig. 5—The effect of cryogenic treatment on the bending fatigue of gears tested.

case is seen as increasing the degree of biaxiality at
the case-core interface while restricting the ductility
of the case.

The effect of case depth on the fatigue properties of
carburized pears is illustrated by the results obtained
from tests camied out af the University of South
Australia. They show that the shallow case depth con-
sistently out-performed the thicker case depth, imespec-
tive of the post-heal treatment process received (ie.
glass bead peening and/or cryogenic treatment).

The bending fatigue performance in relation 1o
the case depth initially points 1o the various differ-
ences found between deep and thin cased gears (Ref.
30). Some of these differences were:

1. The hardness of the shallow-case samples were
lower than the deep-case ones.

2. The retained austenite levels were higher in the
shallow-case samples.

3. The microstructures developed in the case of the
deep-case gears were different from those found in
the shallow-case gears.

4. The crack initiation depth was deeper in the shal-
low-case samples.

The microstructural differences between the two
types of samples were mainly in the degree of non-
manensitic phases, which were primarly carbide net-
works. These carbides account for the higher hardness
of the deep-case gears (point 1 above), and the higher
amount of retained austenile in the thin-case gears (point
2 above) (Refs. 15, 38—40), since the carbon and the
ling the amount of retained austenite present, ane nof tied
up in carbides in the thin-case gears and hence will
increase the levels of austenite netained.

These non-martensitic features found in the case
of deep carburized gears are mosily likely due 10
excessive carbon buildup in the outer layers. This
problem, termed supercarburization by Razim (Ref.
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26), has been suggested to be due to the adoption of |
a high carbon potential during carburizing. However, |
the reader is referred to the work of Goldstein and
Moren (Ref. 41), who have shown that this supercar-
burizing effect could also be due to Chromium
depletion of the surface layers (due to oxidation).

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

The initiation of cracks deep within the thin-case
gears is the result of maximum resolved stresses
developed in deeper areas below the tooth’s surface
as compared to deep-case gears. This is also
explained by the higher solution carbon content of
thin-case gears (Refs. 13, 35, 42), which will allow
the development of compressive residual siresses of
a higher magnitude. The enhanced performance
observed in thin-cased gears can be explained by two
separate mechanisms, The first is based on the model
proposed by Ebert et al. (Refs. 35, 36) and McGuire
et al. (Ref. 37) regarding the rheological reaction
between case and core. The second is derived from
the microstructural considerations discussed above.

ditions. Considering the stress distribution in con-
tacting cylinders as outlined in the preceding sec-
tions, it is clear that an element of material in or on
the gear flank will experience stresses according to
its position, the radius of the roller, the applied load,
the respective relative sliding velocity and the coef-
ficient of friction. Failure of the material, imespec-
tive of its nature, whether it is by excessive plastic
deformation or fracture, is then a function of the
parameters outlined above and the true strength of
the material. If the material’s strength is a constant
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Fig. 6—The effect of cryogenic treatment on the contact fatigue performance of carburized rollers.
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throughout its depth (k) (this can include through-
hardened components such as bearing races and/or
austenitized components), then it is reasonable to
conclude that failure will occur in locations below
the surface where the shear siresses reach a maxi-
mum. If, however, the coefficient of friction is
greater than about 0.3, signifying that these shear
stresses reach a maximum on the surface, failure will
occur on the surface (Ref. 5). However, in conditions
where the material exhibits a strength gradient, as is
the case for case hardened components, the problem
of predicting failure locations becomes significantly
more complex,

The need to accurately predict failure locations in
case hardened components is a basic prerequisite in
the establishment of case depth requirements. It can,
therefore, be stated that the main role of the hardened
layer in contact situations is to ensure that the core of
the component is not subjected to shear stresses
above its cyclic shear strength, and to increase the
surface layer's resistance (o asperity interaction. In
view of the shear stresses developed under the con-
tacting surface, it is clear that the hardened layer has
to be of such a depth as to encompass not only the
area of maximum shear stress, but also the area fur-
ther into the interior where, even though the contact
stresses are not at their maximum amplitude, they are
still significant. The hardened layer should extend to
a depth where the shear stresses decrease to a suffi-
ciently low vatlue 5o as not 1o pose a threat of crack
initiation in the core.

The role of case depth in the contact condition
cannot be ignored. Tests conducted at the University
of South Australia show that rollers with a shallow
case depth display significantly lower fatigue limits
than their deep-case counterparts.

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

Conclusions

The conclusions to be drawn from the results of
the gear tests presented are as follows:
|. Gears with shallow case depths display higher
fatigue limits than gears with deeper case depths.

2. Cryogenically treating the gears decreased both
the bending and contact fatigue performance of the
gears tested.
3. The contact fatigue performance of shallow case
rollers was significantly inferior to the deep case
rollers,

Recommendations

The bending fatigue strength of a gear oth lim-
its the amount of load applicable to the flank of the




tooth, This, in turn, limits the maximum contact
stresses developed. A deep case depth, which is spec-
ified to withstand high contact loads, is therefore not
necessary if those loads cannot be reached by the
bending properties of the gear. At the same time, a
thinner case depth, which would increase the allow-
able bending stresses, does not impart the necessary
resistance to contact that these stresses can generale.
In the past a compromise was necessary in terms of
choosing a case depth which would result in an
acceptable fatigue life.

The maximum case depth in the root region
should be optimized for maximum bending fatigue,
while in the flank of the gear tooth, the case depth
should be as deep as possible without running the
risk of developing extensive carbides or other non-
martensitic phases. One way to achieve this is to use
a two step carburizing process, where the component
is initially carburized to the case depth desired in the
root, taken out, and a copper coating applied to the
root region. The component is then recarburized to
achieve the desired depth in the flank. This requires
careful modeling of the diffusion of carbon in the
masked region, as the carbon profile could become
very flat due to inward diffusion. A more elegant
method would entail a partial oxidation treatment in
the root region to reduce the carbon intake in that
region. If the controlled formation of Cr,0, or even
some type of SiO, could be encouraged in the sur-
face of the root region, then the influx of carbon
could be controlled to achieve the dual case depth
suggested.
gies should also be considered, especially in the light
of the work carried out by Davies and associates at the
Westland Helicopter Corp. (Refs. 43-47) dealing with
duplex treatments. It should be pointed out that in the
manufacturing of case hardened gears, the benefits
expected from the best engineering practice and the
highest level of accuracy do not materialize if the nec-
essary metallurgical input into gear production is not
given the necessary attention and emphasis. O
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Redliner Charts
and Gear Inspection
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Fig. 2 — Strip chart of double flank composite test.

Robert E. Smith
is the principal in R.E. Smith &
Co., gear consuliants of

Question submirted by
Ramiro C. Salinas

Corpus Christi Army Depor
Corpus Christi, TX

Q:Whm are redliner charts, and who

| still does redliner charts?

Answer submitted by:
Robers E, Smith
R.E. Smith & Co.

A: For many years, the terms “red
liner” and “red line charts” have been
used by the Fellows Corporation in rela-
tion to their line of double flank com-
posite testers. For example, they made

the No. 4 Fellows Fine-Pitch Red Liner |

and the No. 12RL Red Liner. Double
flank composite gear inspection is
shown schematically in Figure 1. These
instruments were in such common use
that the term “red liner” became syn-

onymous with double flank composite |

inspection.

The term “red line charts™ apparently
came from the fact that early recorders
used pens that wrote with red ink. These
were a constant maintenance problem,
due to clogging and spatter. Later
recorders used thermal writing pens and
paper, thermal array printers, or even
printers attached to PC computers.
Double flank composite testers are made
by many different companies and can use
a variety of writing methods that do not

| produce a “red line™ on the chan,

Rochester, NY, and one of Gear |

He has ever 50 vears of experi-
ence in gearing and is the author
of mumerous papers and articles.

He ix alvo very active in AGMA

standards developmens.
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To compound the confusion even
more, the term “composite” inspection
has been taken to mean double flank
composile inspection because it was in
such common use. As can be seen in

Technology's technical editors. | Figure 1, there is another type of com-

posite inspection, called single flank

| composite, that can be used. Today, both
| types appear in gear quality standards

such as AGMA and [S0.

Double and single flank composite
testing results in charts such as that
shown in Figure 2. However, they mean
completely different things. As Figure |
shows, double flank composite tests
measure center distance variation as the
gears roll through tight mesh. Single
flank composite testing, however, mea-
sures rolational motion variation, as the
gears roll through mesh at standard cen-
ter distance, with backlash.

One can see that the continued use of
the term “red line chan™ is not a very
good idea. The terms “double flank com-
posite chart” or “single flank composite
chart” would be more accurate and pre-
vent confusion as 1o what the data means.

The second pan of the question asks
who still does redliner charts. Double
flank composite inspection (to use the
proper lerminology) is very common in
high volume applications, such as auto-
motive transmission gears and fine pitch
gearing made by cuiting, molding, and
powder metal processes. It is a good con-
trol of functional tooth thickness (size)
and runout under certain conditions.

Double flank composite inspection
can be a good control of runout before
any subsequent finishing operations such
as shaving and some grinding operations.
However, after finishing, the chart may
show very little runout, but the parts can
still have a large accumulated pitch error
that has all the ill effects of runout such
as positional error or nonuniform once
per revolution velocity. This is some-
times called “hidden runout” Single
flank composite inspection will find
these problems. See AGMA Tech-nical
Paper 95FTMI, Detection of Hidden
Runowr, by R.E. Smith, et al. ©




Quieter Gears.
Engineered Metals.

There's only one way to ensure that
the gears you produce will always deliver
superior and quiet performance. Make sure
they're bred from quality stock.
Dura-Bar® continuous-cast gray and ductile
iron performs like free-machining steel with an
important added bonus - quieter operation.
Like steel, Dura-Bar can be austempered,
through-hardened, flame-hardened. or induction-
hardened for added wear resistance. But the
superior noise and vibration damping characteristics
of Dura-Bar make for quieter running
gears. And Dura-Bar is 10% lighter than steel.
Dura-Bar round bars are available in diameters
ranging from 5/8" to 20" and lengths of 6-20'. So you
won't need to make major changes in your machining equipment.
And our extensive inventory means Dura-Bar is available now - when you need it.
When it's quality material, quiet performance, and quick delivery that count, look to
continuous-cast Dura-Bar for your gear production needs.

e 2100 West Lake Shore Drive, Woodstock, IL 60098-7487

Continuous Cast Iron Bar Stock Web Site: www.dura-bar.com * E-mail: sales@dura-bar.com
Contact us for the latest data on gear noise.

CIRCLE 158




e e b

_ HEAT TREATING SERVICES DIRECTORY _

FIND WHAT YOU'RE LOOKING FOR
AGE HARDENING P
ALUMINUM TREATING — P
ANNEALING - P28
AUSFORMING i)
AUSTEMPERING 1]
BLACK OIDING P
BLAST CLEANING. — ..o e i
e I
BRAZING i)
CARBONITRIDING == [, ]
CARBURIZING L, |
CRYOGENICS = P8
[HE CUENCHING. 1]
FLAME HARDENING P30
FREE DIFENCHING s P30
HOT QL QUENCHING...... .. — ]
INDUCTION HARDENING 2]
10N NITRIDING ]
LASER HARDENING PN
METALLURGICAL TESTING. ]
NITRIDING P34
NITROCARBURIZING P34
NORMALIZING P34
PLASMA CARBURLZING P
PRESS QUENCHING P35
SALT BATH NITRIDING.... — . — . %
SHOTPEENNG g
STEAM TREATING — P35
STRAIGHTENING. P35
STRESS RELIEVING P35
TEMPERING. S— P35
VACUUM TREATING P32
OTHER HEAT TREAT SERVICES... . . P
MEAT TREATING EQUIPMENT AND SUPPLIES P38
Fenton Heat Treating
AFLC. — Pilco Flamse Metals Processing
Advanced Thermal Gieneral Heat Treating
ies, Inc. General Metal Hest
Alliance Metal Treating Treating Inc.
Alpha Heat Treater Giibwon Heat Treat
Ametican Braring Cirmnd Rapids Commercial
American Heat Tresting Heat Treating Co.
American Motal Treating fnc. | H & S Hewt Treating
Beehive Heat Treating Hansen. Balk Steel Treating
Hencdics- Malket Hauni Richomond Inc
Benncit Heat Tocating Hinckerbiser — Anaheun
Bosdycote S.W. Inc Hitech Metallurgical Co.
Bentyoote Thermal Hi-Tech Sicel Tresting lnc.
Processing —Dallas Hoxizon Swcel Treating nc.
Bodyoote Therenal Horsburgh & Scon Co
Processing—Fu Worth Hamiston Flame Hardening
Hodyoole Thermal HTG Commencial
Processing | West) Inehuction
Barbank Sweel Treating HTG Hivech Aero Division
t‘uﬁm WI&.
Hustaguk — ;binidak
Century Son Metal Treating | Industrial Metal Treating
Centified Mectal Craft Inchestrial Steel Treating lnc.
Cincimnati Stecl Treating lonex, fne,
ity Sacel Troating Trwim Austormation bnc.
Colerran Commencial Heat | Jasco Heat Treating Inc.
Kirwalki Hest Treating Co.
Lindbery Heat Treating Co
Duuusu‘rnqcu —Houson
Dixse Hest Treating Lindbery Heat Treating Co
Dvever Heat Treating ~New Berfin
Diynamic Metal Treating Lindbery Heat Treating Co.
[Ensi-Lind Hest Treal —Racine
Eidwards Hemt Troating Lindbery Hemt Treating Co
Elmira Heat Tresiing lnc. — Ruschester
Engineered Fheat Trost Inc. | Lindbery Hes Tresting Co,
Erie Sieel Treating Inc. —HRosemuont
Euclic Fest Treating Co. M & M Hest Treat

GEAR TECHNDLODGY

—New Berlin
Lindherg Heat Treating Co.
— Racine

Lindberg Hem Treating Co.
—Rimemont
M & M Heat Treat

Certified) Hest Treating lnc.
Certified Metal Crafl Inc

City Steel Treating Ine.




HEAT TREATING SERVICES DIRECTORY N —

Bechive Hemt Treating
Beanctl Heat Treating
Bodvoote Thermeal

Processing —F. Waorth
Basdvoote Thermal

Procesdng (West)
Burbank Sicel Treating Inc.
Central Kenncky

Prooessing
Century Sun Metal Treating
Cenified Meotal Crafl Inc
Edwards Heat Treating
Elmirn Heat Treating Inc.
Fmgirarerrd Hlest Trest Inc.
Flame Metabs Processing
Fox Steel Treating Co.
FPM Hem Treating

—Elk Cirowe
Franklin Sscel Tresting Cio
CGreneral Metal Hea

Treating Inc.

Cabson Heat Treat, lnc
HI TexMetal Group

—Cleveland
Huorizon Sweel Troating Inc.
Hushapesh—1 slerudale His
Hy- Vi Technobogies Inc
Hizns Heal Tresting Inc
Impoact Sirsegics Inc.
Incdusinial Sieel Treating boc
Eromboumdd Hest Treating
Irwin Aulosmatson ke
Juwsco Heat Treating Inc.
Kowalski Heat Treating Co.
Lindberg Hest Treating Co.
Lindberg Hent Tresting Co

— Hwane
Lindberg Hem Treating Co.

~—Fmemmont
M & M Heat Troat
Metal mprovement Co.

—McleanWichita
Mictal Troating Inc.
Metallurgical Inc.

Metabs Technobogy
Metro Sieel Treating
Met-Tiek Ine. —Clackmmas
Midwestem Machinery Co
MNapwmal Metal Procesaing
Paudo Products Co.

—Kansas City
Py Proschicts Cio

—Mur{nershomns
Phoenix Hest Treating lnc.
Sonce Heat Treating Corp.
Southeastern Heat Troating
Ssoel Treaters, Inc.
Suncoast Heat Treat, Inc.

— e
Supersor Metal Treating
Therm Tech of Winskesha
Thermo Electron Metal

Treating, D,
Westnide Flame Handening

AFC. — Pifco

Abbott Famace Company
Advanced Heat Teating Inc.
Alco Heat Treating Comp,
Alpha Heat Tresters
Bemedict-Miller
Bennent Hest Treating

Proocssing
Clearing Niagary
Dietrost Sieel Treating Co.
Elmira Heai Treating lnc.
Ciibwon Heat Treal
Haums Richmond Inc.
Hi-Tech Sicel Treating Inc
Hovizon Sweel Treating Inc.
Impact Serategics Inc.
Ironbound Heat Treating

Jusco Heat Treating Ine.
Michwestem Machinery Co
Pusib Products Co

—Kanman Cliry
Paualo Proshacts Co

- Mernphus

Paisho Prodhacts Cio

—51. Lo
Superior Metsl Treating
Symcuse Heat Treating
Thermal Metal Tresting
Universal Heal Treating
Westnide Flame Hardening

Bodyoote S W, Inc
Bodycote Thermal
Procesang — Dalkas
Bodycote Thermal
Processing—F. Wonk
Burbank Seec Treating, Inc.
Century Sun Metal Treating
Centified Metal Craft
Cincinmats Flame
Hardening Ui,
Clincimmats Stoel Tresting
Ditrost Steel Treating Co.
Drinke Heat Treating
Dhvever Heal Treating
Dynanue Metal Treating
East-Lind Heat Trem
Falwunds Heal Treating
Elmira Homt Troating Inc
Engineered Hest Trest lnc,
Ene Steel Treating Inc.
Boclid Heat Treating Co.
Femon Heal Treating
Flame Mutals Provessing
FPM lpsen Heat Treating
General Heat Treatmg
Grenernl Metal Hemt
Tresting Inc.
Githwarn Hical Troa
Cirmnd Rapedy Commercial
Heai Trosting Co
H & 5 Heat Treating
Hamson-falk Stocl Treating
Haum Richmond Inc.
Hi-Tech Steel Treating Inc
Horizon Seeel Treating Inc
HTG Commercial
Incaction
Inclustrind Metal Treating
Inchusirial Stoel Tresting Inc.
Jusco Heat Treating Inc.
Kowaleki Heat Treating Co.
Lindberg Heat Treating Co.
—Himston
Landbery Heat Treating Co.
—MNew Barlin
Lindhery Heat Treating Co
~Racine

Linedberg Heat Treating Co
—Hurtrnn
W& M Hest Trem
Merit Ciear Corp
Metal Irmprovenent Co
—Coshambus
Metal lmgwovement Co.
— Mibwaukee
Metal Treating Inc.
Meallargcal Ine
Meilah Co
M- Tek Ini.—Clackamas
Micllandd Metal Treating
Midwest Flame Handening
Midwesiom Machimery Co

Ok land Metal Treating
Paulo Producs Co,

— Mashvilke
Pennsylvana Motallingical
Phoenix Heat Treating o
Progresamve Sieel Treating
Racine Heat Treating Co.
Sodar Atmospheres Inc.

Spocialty Sieel Treating Inc.

-Farmingson Hills
Superior Metal Treating
Syracuse Heat Theating
Tractech Inc.

Treat All Metals
Universal Heal Treating

Cenified Hoat Treating Inc.,
Cerified Metal Crafi
Chicago Induction
Cobenan Comnmercial Heat
Treabing
Diclavan Steel Treating
Drever Heat Treating
Dynamsic Metal Treating
Eam Carolina Metal
Treatmg Inc.
Elmir Heat Treating Inc
Fenton Heat Treating
Flame Metals Processing
Fluntral Manufacturing, Inc.
FI*\ Heat Tireating
—[Elk Girove
FPM Ipsen Heat Treating
Franklin Stecl Treating Co
General Heat Tneating
Giitwon Heat Treat Inc.
Cioond Eamth Toods, Inc.
Hauni Richssond Inc.
HI TecMetal Grosap
Cleveland
Himderiter Heat Teeating linc.
— Anakwim
Hirxderliter Hest Treating Inc.
—[hallas
Hinderfiter Heat Treating Inc
Turrama

JASCO HEAT TREATING, INC

Jagco's highly skilled team stands ready 1o
assist your company with all of its heat treat-
ing needs from providing quotes and offering

technical assistanca

Saht Line, 13 Furnaces 36°x24" 65"
Vacuum
Carburizing

Gas Nitriding
induction Hardening/ Annoaling
Cryogenic Treatment to -320°F
Full Straightening Capabilities

Spherodizing

Age Hardening
Full Matallurgical Lab
Trucking Fleet to Servica the Northeast

Qur entire plant gualifies to the latest
MIL spec 6875 and BOBA. NADCAP
Certifind/ 059000 Goal of April 1999,

Contact Bryan Jageman
Director of Sales and
{716) 388-1040, ext. 113

Circle 172
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HUDAPACK

COMMERCIAL HEAT TREATING

VACUUM AUSTEMPERING
INDUCTION SALT TO SALT

Circle 163

* lon Nitriding Specialists
» Featuring Eco-Glo

* Full Matallurglcal Lab

* Contact James B. Smith Il for
technical consultation & quotations.

CARBURLTE and HARDENING * Verncal io 11 « CARBONITRIDING
« (IE CUENCHING « VACUUM HEAT TREATING
« NEUTRAL SALT BATH HARDENING « NITRIDING
« DEEP FREEDNG T0 -120°F » MARTERPERING
+ ATMOSPHERE PAOCESS CONTROLLED BY COMPUTERIZED DATA
LOGEER » STRAIGHTENING « NORMALIZING & ANNEALING

NADCAP Approved = Ascraht Condlnd
+ Purts Matalrgucadly Engmesrnd

Circle 159
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Bechive Heat Treating Inc.
Beenedict-Miller Inc.
Bennett Heat Treating
Bodycote 5.W, lnc.

Certificd Heat Treating Inc.
Cincinnati CGear Co.
Cincinnati Steel Treating
City Sacel Treating Inc.

Treating
Cmnd&ul'ﬂ'm

Detroin Saced Treatung Co.
Diarmond Heat Treating Co.
Dhixie Hest Treating Co.
Diimie Machine & Hist

Dvedopenent

Lake Conmty Steel Treating
Lawrence Industries Inc.
Lintberg Heat Tresting Co.

28 cean TECHNOLOGY

—Berlin
Lindberg Heal Treating Co.,
—Himson

T. N, Woodworth lnc.
Therm Tech of Wisukesha
Thermal Metal Treating Inc.
Thermal Treatment Cenber
Thermo Electron Metal
D
Thermo Treaters Lad.
Tractech Inc,
Treat All Metals Inc.
Trutec Industries
Universal Heat Treating
Washington Metalhurgcal
Services
Wieass Inchsstries Inc

Processing
Century Sun Metal Treating
Cemified Heal Tresting Inc.
Centified Metal Cralft
Cincimnaty Gear Co
Cincinnati Steel Treating
City Sicel Treating Ioc.
Clearing Niagsm
Colernan Commercial Heat

Treating
Commercial Sice! Treating
Custorn Hent Treating Co.
Dielavan Stee! Treating
Detroit Secel Treating Co.
Diamond Heat Treating Co.
IDinie Hemt Treating Co.
Dinie Machine & Heat

Drever Heat Treating
Dynamic Metal Treating
East Carcdina Metal
Treating lnc.
Fast-Lind Heat Treat
Fickel Heat Treat
Extwards Hest Treating
Elmirs Hest Treating Inc.
Feyglrwored Hewt Trest Inc.
Enie Steel Treating Inc.

Euclid Heat Treating Co.
Fairfleld Mig. Co.

Hnderbacr beat Trssong b
Hi-Toch Sacel Treating Inc.

Horiron Sieel Treating Inc.
Horhurgh & Scott Co

MMMM

Industriad Stee! Tresting Co.
Inchusitriald Steed Troating Inc.

HEAT TREATING SERVICES DIRECTORY I —

Metro Seeel
Met-Tek loc —Clackames
Met-Tek lnc.—Racine
Midand Metal Treating
Midhwesern Machinery Co
Modern Inchastries. I
Mountan Metalhrgical
Natwmal Broach
Hational Metal Processing
Ok kandd Metal Treating Co.
Ohio Metalhurgical Service:
P & L Heat Treating &

Cinnding
Pamck Laborstones lnc.
Pasbo Products Co.

— Besaemacr
Puale Prosucts Co.

—Karas City
Paubo Products Co.

—Memphis
Pailer Proshacts Co.

—Nashlie
Paulo Prochacts Co.

—51. Liowais
Peransy bvania Metallurgical
Peters Heat Treating Inc.
Phoenin Heat Treating Inc.
[Fint-Tiex. Tne.
Precision Hest Treating
Progressave Seecel Treating
Racine Heat Treating Co.
Rochester Stocl Treating
Rotation Products Com.
Shore Metal Technology
Sonee Hest Treating Corp.
Suntheasdern Heat Treasing
Specialty Heat Tresting Inc.

—Mihenn
wymmn

Emnlh'l'_hn
—Crand Fapuds

Specialty Heat Treating Inc.,
—Haodlanad

Specially Seoel Treating bnc.
—Farmingion Hills

Specialty Stoel Treating bnc.
—Fraser

State Heat Trest bnc.

Sieel Treaters, Inc.

Sivel Troating
Suncoast Heat Treat, Inc.




At Ajax; progressive heat treatmg
IS 2 MOVING experience

Progressive Heal Treating is continually moving in the direction of lhugher precision, better efficiencies and
mare effective methods lo induction harden and lemper parls. Ajax Magnethermic has the Induction Scanning
equipment 1o meel the needs ol most any application. From horizontal scanners thal individually treat
small shafts and bars to continuous treatment of tube at rates 10 30 tons/hr. and
from vertical scanners that treat pins and shafts to the world’s largest for treating massive 30 ton mill rolis.
Basic manual controls to the most advanced Windows NT™ PC operator control systems.

Single spindle or dual spindie. And, if we don’t have the exact scanner to meet your needs,
our expenenced design engineers will create one for you.

Al Ajax Magnethermic, we provide quality progressive mduction heat treat solutions
that ensure customer confidence and satisfaction, Call us today at B0D-547-1527.
We'll show you how an Ajax scanner can be a moving expenence 1o you

- - P
m Magnethm o
C G R F & KB A 1 01 O N _
o P,

The Way The World Inducts Its Business.}__.r:"'

Technically...We Are The Future

1745 Overland Avenue, Warren, Ohio 44483 » 1-B00-547-1527 Foax 1-330-272-5608 +» e-mail ajacsalesSajacmag.com

Wearrn, Ceo USA » [omnio, Canada » Outed, England * Carncus, Wi = San Poulo, Brazil * Seoul. Ko,
Bt sarr, Aardralen = Biltess, Spain * Tokyo, Japan = Frasor, Michegan USA = Mesicn DUF., Mexicn = Shanaghon. PG
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Lindbery Hest Treating Co.
—Melrose Park
Lindbery Heat Treating Co.
e
Lindberg Hest Treating Co.
—Rosernont
Magrum Metal Treating
Master Heat Treating Inc.
Metal legprovement Co,
—Cohunbus

Metal Imprivvement Cio,
—MecLeanWichita
Metal Tresters Inc.

GEAR TECHNOLOGY

DIE DUENCHING
AFC — Fifco
Bechive Heat Treating
Benedicy-Miller Inc.
Bennett Heat Tresting
Burhank Steel Treating
Caterpillar Industrial
Products Inc.
Century Sun Metal

Treating
Cenified Metal Craft
Cincinnat Gear Co,
Cincinnati Sieel Treating
Detroii Steel Treating Co.
[ ic Mctal Treati
Fnginecred Het Treod Inc,
Eunclid Heat Treating Co.
Fuirfield Mg Co.
Fentrm Heal Treating
Fox Stee] Treating Co.
Frankhin Steel Treating Co.
Genernl Metal Heat

Treating Inc.
Ciibon Heat Teating
The Gleason Works
Crrand Rapids Commercial

Hest Treating Co,

Hest Treat Corp. of

HTG Commercial

FLAME HARDENING
Alco Heat Tﬂqfﬂp

Bechive Heat Treating Inc,
Benedict-Miller Inc
Brennecti Heat Treating
Bodycole 5. W, Inc.

Processing—F1. Worth
The Bowdil Co.
Hardening [nc
Calumet Surface

I HEAT TREATING SERVICES DIRECTORY

Cmﬁndl-l-'nuulu:

M & M Heal Treat

Metal Improvement Co,
—MeLeanWichits

Metal Treating Inc.

Metalhurgical Inc.

Met-Tek bne —Clackamas

Met-Tek Inc.—Racine

Michigan Flame
Hardening

M- Wiest Flame

Thermo Electron Metal
Treating [+,
Thermo Treaters Lid.

Fraokiin Steel Treating Co.
Gencrnl Metal Heat
Treatsng Inc
Glibwaon Hemt Trcal Inc.
Hanson-Balk Steel

Treating
Heat Treat Corp, of
America
Heat-Treating Inc.
Himderliner Heat Treating
Inc. —Anaheim
Hinderliter Heat Treating
Ine. — Tarrana

Horizon Saeel Tresting Inc.

Hondnargh & Scon Co.
Huron Metallurgical Inc.
Illsans Hew Treating bnc.
Induction Metal Treating
Inifusizial Metad Treating
Inchustrial Stecl Tresting
Kowabiki Heat Treating
Lake County Steel

Treating
Lawnmnoe Industrics Inc.
Lindberg Heat Treating Co.
—HRerlin

Lindberg Heat Treating Co
—Hurastom

Lindberg Heat Treating Co.




Mgt Siee] Treating
Met- Tk b —Clackamas
Met-Tek Inc —Racune

INDUCTION

HARDENING

Adtvanced Heat Treat
Corp.— Walier oo

Advanced Heat Treating

Ao Magmethermsks Lorp.

Ak Heat Tresting Com

Abpha Heat Tresters

Ao Metal Tresting (o

Amercan Metal Tieatmng Inc

Bechive Heal Tresting bnc

Benedsct- Milker Inc

Bennennt Heal Treating

Bandyuoote lnshuction
Processing

Bodyoote 5.W. Inc

Baadyoote Thermal
Processing—F. Worth

Braddock Metallurgical

Carvding Commencial Heat
Treating

Caterpillar Induntinal
Prodhucts Inc

Central Kentucky
Pricessang

Century Sun Metal Treating

Cerfiod Heat Troating lnc.

Chicago Induction

Cincinnati Gear Co

Cincmnat) Sieel Treating

Cleanng Niagnra

Coskernan Commenal Hest
Treating

Commercial hnductson

Contour Handening Inc

Dielavae Steel Treating

[hinae Machine & Heat
Treating Inc

Dyever Heat Treating

[East Caroling Metal
Treating Inc

Edwands Heat Treatmg

Elinira Hemt Treating Inc

Euchd Heat Treating Co

Fairfleld Mig Ca.

Flame Mol Procesang

Fluxtrol Manafactuning Inc

Frankfin Sieed Twm Ui

Giear Compary of Amerca

General Heat Troating

Ciabson Hest Treal Inc.

Cronxd Earth Tooks, Inc.

H & 5 Heat Tresting

Ham Richmond Inc

Hout Trest Corp of
Amenica

Heat- Treating Inc.

HI TexMotal Giroup

A levelamd

Hinderfaer Heat Treating
Inc. — Anahexm

Hinderlner Heal Treating
Inc. —Tulsa

Hi-Texh Steel Treating Inc.

Horzon Swel Treatsng Inc.

HTG Commmaencial
Inahuction

Husdapach —Flkwm
THiana Heat Tresting Inc.
Impeact Strategies lnc
Inchaction Services Inc,
Inchoction Motal Treating
Irnhaction Hieal Treating
Imschuctcdwea I
lrubustrial Mictal Treating
Irutestnal Sacel Treatimg Co
Intemational Induction lnc
Irombonamd Hieal Tresting
Jusco Hesl Tresting Inc.
Jobm V. Potero Cio
Lawrenc: bnostrees b
Lidberyg Heat Treating Co
—Huartin
Linadbery Hent Treating Co,
Melrose Park
Lindbery Heat Treating Co
—Mew HBerlmn
Lindbery Hest Treating Co

— Racine
Limdbery Heat Treating Co
~Ramemont

Lindbery Heat Trosting Co
—58 Liwats

Manmings L 5.4

Master Heat Treating Inc

Mherit Giear Corp

Metal Tresting & Rescarch

Metal lmprovement Cio
—MuLean/Wichita

Metal Processing Co.

Mistal Tresters Inc

Mirtal Troating Inc.

Metal Treating & Rescarch

Metallurgical Inc

Metals Engincening b

Met-Tek Inc. —Clackamas

Mt Tek e~ Hascine

Michigan Induction Inc

Piicland Metal Treating Inc

Modern Industrics Inc

Mobon Gear & Shalt

Pistional lncuction Heating

MNabional Metsl Processing

0 & W Heat Trest Inc.

Db Metalburpical Sevvice

Paulo Products Co
—Kamaan Ciry

Pado Products Co

Memiphis
[Panadr Prosioces Co
—MNandvilke
Paulo Products Co,

—8¢. Laonsls
Penasylvania Metalborgical
Fim-Tex Inc
Preciuson Hest Treating
Racine Hesl Treating Co.
Revas Enginsering Co.
Rohexduction Thermal

Provessing
S.K.5. Hoat Treating Inc
Southeastern Heat Treating
Specialty Heat Tresting bnc

-Elichsn
Specialty Heat Trosting Inc
Cirand Rapids
Specialty Hest Tresting bnc
HiolLuned
Susie Heat Treat Inc
Sl Treaters, Inc.
Swel Treating
Suncoast Heat Treat, Inc
+Poampana Boach
Suncoast Heat Treat, Inc.

- Tampa
Supenior Metal Treating
Syracuse Heai Treating
Thermal Bruwse Inc
Thermsl Metal Treating Inc.
Thermal Treatrment Center
Thermet Inc.

Theermno Elecuron Meual

Treating Dy,

Tocon, Inc
Treat Al Metals Inc.
Washangton Metalhorgseal

Servioos
Welduction Corporatson
Westside Flame Handening
Wshlert Comp.

Fion fnadstries

10N NITRIDING

Accurste bon Technologies

Addvenced Heat Treal Corp
— Moo

Advanced Head Treat Corp

HEAT TREATING SERVICES DIRECTORY

— Walerhon
Advanced Metallurgical
Technology
AMT Monmroe Inc.
Coentury Sun Metal Treating
Cincinnati Gewr Cio
Fox Stee] Treating Ce
Fi"™l Heat Treating
—Elk Crvwve
F Ipsen Hieat Treating
Hamuen-Balk Siecl Treating
Hamim Rachumond Inc
HI TexMutal Group
—Aleveland
HTG Commercial
Insdisctsom
lore, Inc.
Lindberg Heat Treating
Cio—Roscrmont
Moagnum Metal Trestung
MFT Amenca
Progressive Enginecring
Sodar Atrmospheres nc
Sonee Hesl Treating Corp
Sun Sicel Treating
Thermal Treatment Cemer

Bodyoote Thermal
Processing—FL Worth
Bodyoite Thermal
Provessing (Wes )
Hurhank Stecl Treating
Century Sun Metal Treating
Cenified Metal Craft
Cincinnati Steed Treating
Delavan Sicel Treating
Detroit Sweel Treating Co,
[hnie Hest Treating
Drvnamic Metal Treatang
[t Lo Hemt Tt
[Elmira Heat Tresting lnc
Engineorod Heut Trest Inc.,
Erie Swel Treating Inc.
Fuclid Heat Treating Co.
Ceeneral Fest Treating
Cieneral Metal Hest

Horsburgh & Scott Co
HTG Commencial
enhuctionn

Holcroft has the ability to service all of your
Hateroft furnace equipmant rgeds. We stock and
manufacture-to-order & complete kne of high-
quality replacement pans for our furnaces. You
can depend on Holcrof for minor furnace repairs
of & complete furnace rebuidd. We understand
tha importance of customer satisfaction and
raspond quickly to svery challenge.

HOLCROFT

12068 Market Street, Livonis, Michigan 48150
Tek (T34} 5911000 » Fax (734) 591-6843
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RADYNE

Innovators in Induction Heating
Turnkey Systems/Parts/Service

1-800-236-8360

Circle 167

Surface

 Combustion

Providing the most diverss olering of equipment
and support services for heat treating in & wids
variety ol material processing industries.

SURFACE COMBUSTION, INC.
1700 indhan Wood Cocin » PO Bos &7 + Maumes, OH 4317
Phons: (B00) 5778580, (419 F91-7150 = Fax: [N B90-T150

E mad fodiuir i o ormisaon £om
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ATTENTION

GEAR MANUFACTURERS!

This space could be yours in our
Directory of Gear Manufacturers

May/June 1999

Call Patricia Flam for details

MARCHIARRIL 1oen 31




Complete _
Gear Manufacturing
Process Control

From your single 3500 Series CNC Gear 200 Series Systems provide all the

source for computerized Manufacturing Process Control performance and durability of the larger

analytical and functional Systems offer full four-axis flexibility and ~ systems, but in a compact size that’s

gaging systems unsurpassed accuracy. Certification to ]H']‘Fl’L'l for high production parts up to
001mm traceable to NIST and probe 107 in diameter.

* GearNet ~ server automatically

resolution to .00002mm. You get
shares data for SPC, remote

greater productivity, too, with up
¥ o 20% faster throughput and
capacities to 95” in diameter.

analysis and archiving,

T

» Simple, familiar interface ideal for
manufacturing cell operators.

» Unmatched software selection,
including bevel gear machine
correction package.

* Pentium® based technology

» Complete training and applications
support with every system.

" EE R EENEEENEENNEDSRNN®N.H®E.




GRS-2 Double-Flank Gear Roller
System combines proven performance
with easy-to-use PC compatible software

to make inspection accurate and simple.

Total composite, tooth-to-tooth and
runout tests determine if parts conform
to specification. Computer analysis lets
users specify AGMA or DIN standards,
then determine the class of gear
achieved.

Dimensions Over Pins Gage measures  Other M&M Precision Systems

actual tooth thickness at the pitch inspection products:
diameter. A unique constant-pressure * Master Gears
gaging head assures repeatability and * Spline Gages

accuracy over the full range of the gaging * Variable Spline Indicators
system—while greater throughput allows  * Fixture Gages

you to inspect more * Arbors

parts and reduce
production costs.

Free brochure Call 937/859-8273
or fax 937/859-4452,

PRECISION
SYSTEMS
LORPORATION

“THE METROLOGY & MOTION PEOPLE™®
CIRCLE 140
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lmlilﬂmth
— Hinashon
Lirkiherg Heat Treating Co
l.ilclaql'l:-m&-
l-h!ﬂ;l'ﬂ?mﬂn
~-Rockeser
Merit Gear Corp.

HEAT TREATING SERVICES DIRECTORY

GEAR TECHNOLODGY

— et
Stocl Tresters, Inc.
Sun Stoel Treating
Suncosst Heat Trest, Inc.
—{rlando
Suncoust Heat Treat, Inc,
Beach
Suncoast Heat Trea, Inc.

—Tampa
Symacuse Heat Treating
T. N. Wondworth Inc,
Therm Tech of Waukesha




HEAT TREATING SERVICES DIRECTORY

Metabs Technology Metal Improvement Uo.
Muoudern Metal Processing —Coburminas.
Pennwylvania Metallorgical | Mietal Treating nc.
Progressive Sscel Treating Mietlsh Co.
Solar Atmeosphores o Moi-Tek Ine.—Clackamas
Specialty Heat Treating Midwest Flame Hardening
Inc. —Athers Pasabo Prochcts Co.
Specialty Hea Treanng —Nashville
I —Elichan Phoenis Heat Treating boc.
Specialty Hest Treating Prosgressne Steel Treating
Inc.—Limnd Rapids Racine Heat Treating Co.
Specialty Heat Treating Specialty Secel Treating
Suncoas Hest Tresd, Inc Superior Metal Treating
—Pompano Beach Thermet Inc.
Syracuse Hoat Treating Trackech Inc.
Walker Heat Treating Treat All Metals
Washington Motalbrgical
Services
‘Wiestnide Flame Hardening
AFC. — Pifco
Abbott Furnace Company
Acvurate lon Tochmodogies s TRESS Y]
Advanced Heal Tresting AFC. — Fifco
Bmmm-ﬁ Abbot Famace Corgpasry
Drymasic Trestmg ABS Metalkingical
{ibewson Plauter Hurth Provessons, bnc.
Cutting Tooks Accurate Sioel Tresting
Hi-Tech Steel Treating loc. | Advanced Hest Treat
HTG Commencial Corp. —Muomnoe
Indexction Advanced Heat Treat
Imdduntrial Metal Treating Conp.—Walerloo
Kb Heat Tresting Co Advanced 3
o Metalhmpical
Solat Atmesgberes Inc. Advanoed Thermal
Sun Steel Treatmyg Technologies, Inc.
Symacuss Heat Troating Aja Magnethermde Corp.
Alfbany Metal Treating
Alco Heat Tresting Corp.
Allaance Metal Treating
Allread Products
Alpha Hest Treaters
Arrcrican Mietal Treting Inc. | American Brazing
Hennctt Heat Treating American Heat Treating
Bodyooie 5.W. Inc Amevican Metal Tresmg Inc.
Bodyoote Thermal AMT Mo Inc
Processang —Dallas Anncaling
Bodycole Thermal Hechive Hest Treating Inc.
Processang —FL Worth Brenedsct-Miller Inc
Boxdyoote Thermal Bennett Heat Treating
Processang (Wes ) Bodycole S W, Inc.
Century Sun Motal Bartyoote Thermal
Treating Processing—Diaflas
Chicago Flasne Hardening | Buodyoote Thermal
Cincirmati Flame i Waorth
Hardening Co. Bodycote Thermal
Cincinnati Sieel Treating Processang (West)
Clearing Niagars Bonak Corp.
etroit Flame Harderning Buwnal Techrkopes bnc
Drymamic Metal Treating The Bowdil Co
Edwands Hest Treating Braddock Metallungical
[Elmira Hest Treating Inc. Brackdock Metalhughoal
Fghoered et Trest lnc. —Alsbama
Ene Saec] Treating I Branng & Metal Treating
Euchid Heat Treating Co.
Flasne Metals Processing Brazing & Mectal Treating
Cibeason Plwster Hurth of Kenmacky
Untting Took Hraring & Metal Treating
G Rapsds Commencial of Mirmesota
Heat Treating Co. Brite Braring
Hi-Tech Sicel Treating Inc. | Birite Metal Treating Inc.
Horizon Sicel Treating Inc. | Burhank Steel Tresting lnc
Horsburgh & Sceet Co. Cal-Dowran Division
Houston Fleme Hardening | Caroling Commescial Hem
HTG Commercial Treating
Lrchac 1 Ceniral Kenmucky
Jusco Heat Treating Loc. 1
Koomalski Heat Trosting Century Sun Metal
Liniherg Heat Treating Cio Treaing
—New Berlin Cenifind Heat Treating Inc.
Limhery Heat Tresting Co Centificd Metal Craft Perwwylvan
Linaiherg Hest Tromting Cio Cimcinmats Flame IMkana Hoal Treating I Phoenin Hesl Treating Inc
~Rimemont Hardening Co. limgpact Sarabeypces I Pim-Tex Inc-
M & M Hest Trest Cincinnati Gear Co. Induction Metal Trosting Precism Hemi Tromting
Merit Gear Corp. Cincinnati Stecl Tresting Induction Services Inc Progressve Sacel Treating
MARCHIAFRIL TREW '




Racine Hem Treating Co
Roboduction Thermal
Provessing

Rochesier Sieel Treating

Riistion Products Comp.

S8, Heat Treating Inc

5o Forge

Shanafeh Mig. Co

Shove: Metal Technology

Solar Aunosphenss Inc

Sonoe Heat Treating Corp

Southeastern Heat Treating

Spocialty Heal Treating Inc
- Alhenk

Spocialty Heat Treating Inc
~Elkchart

Spocialty Heal Treating Inc
Cirand Flapids

Specialty Heal Tresting Inc
Holland

Spocialry Hear Tieating In
Farmingion Hills

Specialry Heat Trestng big
Fraser

Stmte Hest Treat Inc

Siee] Treaters, Inc

Saeel Treating

Sum Siee] Treating

Suncoasi Heat Troat, [nc
Lirfando

Soncoast Hest Treal, Inc
Pompano Beach

Suncoast Heal Treat, fnc
Tampa

Superion Metal Treatang

Symcuse Heat Treating

T. M. Woodworth Inc

Therm Tech of Wankesha

Thermal Metal Treating

Thermal Treatment Center

Thermo Electron Metal

Treating Div

Therms Tresiers Lid

Tocon, Inc

Tractech Inc

Tread Al Metals lnc

Trojan Heat Treat Ie

Tratee Industraes

Unsversal Hest Treating

Weou Brare

Walker Heal Treating

Wall Colmonoy Corp

[ HEAT TREAT SERVICE DIRECTORY

Washingron Metalhorgical
Services

Weiss Industnies Inc

Western Stress Inc

Westside Flame Handening

TEMPERING

AFI Pifco

Abboin Fumace Company

ARS Metallurgpcal
Processos Inc

Accurnle Stecl Treatmg

Advanced Heat Trealing

Advanced Metallurgical
Technalogy

Adhvanced Thermal
Techrsk W, Inc

Ajax Magnethermic Corp,

Albary Metal Treating

Akoo Hest Treating Corp

Alliance Metal Treating

Allread Products

Alpha Heat Teatens

American Braring
American Cryogenics, Inc
American Hest Treating
American Meial Processing
Amwerican Metal Tresting Co.
Aumerican Miotal Troating Inc
AP Westshore
Armosphere Annealing Inc
Bechive Heat Treating Inc
Bemedact-Miller Inc
Bernett Heat Tresting
Bodyoote Inclusctaon
Processing
I_?I.uJ_\-luu,' S I
Bodyoote Thermal
Provessing—Dallas
Bodyeote Thermal
Processing—F. Worth
Bodyoote Thermal
Processing (West)
Bosmak € o
The Boiadil Co,
Braddock Metallurgcal
Brabdock Meotallurgscal
Alahana
Brazing & Meial

REASONS TO USE
COLONIAL SPLINE RACKS

Proprietary Involute splines,
d:?gn, helical splines,
engineering and tapered splines,
man ring. threads.

If you're going by the numbers, Colonial Tool Group has
ulrl'he reasons you need o have us be your spline rolling
service supplier. We're a leading designer and
manufacturer of high quality precision
with extensive prototype capability. An
pre-production or production spline rolling services. ..
we do that foo!
Call, write, FAX or E-moil us off our Web Site.

COLONIAL TOOL GROUP INC.

1691 Walker Road, Windsor, Ontaric, Canada NEW 3P
519-253-2461 » FAX 519-253-5911 * www.colonialtool.com
In the U.S.A. 5505 Concord Ave., Detroit, Ml = 313-945-8480

line rolling racks,

épif you need

Production
spline rolling
supported
by SPC.

¥ aean
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Treating—{levelamd

Briee Braring

Bnge Metal Treating Inc

Burbank Steel Treating o

Cal-Daran Divishon

Caburmet Sueface Hardeming

Carolina Commercial Heal
Treating

Caterpillar Indusarial
Products Inc

Central Kenbucky
Processing

Cemtury Sum Metal Treating

Cortified st Trewting bnc.

Centified Metal Craft

Chicago Flame Hardening

Chicagn Inducton

Cincinmati Flame
Hardening Co.

Cincinnal Cecar

Cincinnati Stecl Treating

Clty Sicel Treating Inc

Chearing Niagars

Cleveland Flame Handening

Coleman Commencial Hest
!rwtmg

Commercial Induction

Commencal Stecl Treating

Custonn Heat Tresting Co

Delavan Steel Treating

Delphi Engineering

Detrodt Flame Hardening

Dietroit Steel Treating Cio

Diamond Heat Treating Co

[Dhssdon Precasct bnc

Dixke Heat Treating Co

Dunie Machine & Heat
Treating Inc

Drever Heal Treating

Dynamic Metal Treating

Eau-Lind Heat Tream

Fast Carolna Metal
Treating Inc

Eckel Heat Treai

Edwards Heat Treating

Elmirn Hest Treating Inc

Engineered Heot Trost Inc,

Erie Sieel Treating Inc

Fairfiekd Mig. Co.

Feinhlanking Lid

Femion Heat Tresting

Flame Metals Processing

Fluxtrol Mamafacturng I

Fox Steel Tremting Co

FPM Heat Treating
—Elk Cirove

FPM Milwaubes

Franklin Steel Treating Ci

Chear Cic ATy of Amenica

Genernl Heal Treating

Ceneral Mol Heat
Treating Inc

Geo. H. Porer Seeel
Treating Co

(hibwon Hest Treat Ing

Gilemson Flauter Hurth
Cutting Toods

[l H.!.pui'\- Cenmamaeroial
Heal Treating Co

H & M Metal Processing

H & § Hemt Treating

Hansen-Balk Swel Treating

Haumni Kichmond [nc

Heat Treat Corp., of
AINErca

Heat- Troating b

Hent Treating Services

HI TexMetal Caoup

Cleveland

Himderfiler Heal Tresting
Inc. — Anaheim

Hinderfiier Heat Treating
e — Dhallaes

Hinderiner Heal Treating
Inc—Tarzana

Hinderlier Heat Treating
Te. —Tules

Hitech Metallungical e

Hi-Tech Sweel Treating
Huoriznn Sweel Treating
Horsburgh & Scolt Co
Himiston Flame Handening
HTCG Acrobrare

HTG Commencial

Erahactsom
HTG Hitech Acro
Dvusion

Huron Metallurgical Inc

Hyuhro- Vi

Hy-Vac Techaologies Inc

Hkinra Hest [nunny Inc

Impaci Strstegies Inc

Induction Metal Treating

Indhsction Services Inc

Inchutohest Inc

Inddustrial Mital Treating

Incusirial Saeel Treating Co

Inddustrial Seeel Treating

Intermational Induction Inc

lromsbin] Hiest Tresting

Irwn Automatson Inc

Juseo Heat Treating Lnc.

John V. Potero Co

Karwnlak] Heat Treating

Lake County Sieel Treating

Lawrence Industries Inc

Lindbery Heast Troating Co

—Berlim

Lindberg Heat Treating Co.
Himpsdas

Lincdberg Heat Treating Co
Melrose Park

Lindbery Heat Treating Co.
Mew Berlin

Linadbery Hest Treating Co
Hacine

Lincihwery Heat Treating Co
R hester

Linadbery Heal Treating Co.
Hosemont

Limadbery Hest Troating Co
T

M & M Heat Treat

Magnum Metal Tresing

Mastey Hoal Tresting Inc

Merit Cear Corp

Metal Improvement Cio
Ll

Metal Improverment Co
Latavene

Metal Imgprovement Co
MicLean Wichita

Metal Metheods

Metal Treaters lnc

Metal Treating Inc

Metal Treating &

Rescarch

Metallurgscal Inc

Metallurgical Processing

Metaly Enginocring Lnc

Metaly Technology

Metlah Co

Metro Sieel Treating

Met-Tek Ing. —Clackamas

Slet-Tek Inc. —-Racme

Michigan Flame
Hardening

Michigan Induction Inc
Midkand Metal Treating
Midwes Flame Hardening
Midwestern Machinery
Madern Industries Inc
Midern Metal Processing
Molon Cear & Shalt
Muinsntain Mctallungical
Natbonal Broach
Matwmal Inducton
Heating
Natimal Metal Processing
Nettheson Steel Treating
Nitro-Va: Heal Treating
0 & W Heat Treat Inc
Chaklan Metal Tresting
e Metallurgacal Servace
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Power Integrated
Pop-up”

Lift/Rotate Induction
Heat-Treating System

xd Pop-up™

Onls 1|r1r411

sating
tum pe
a muiftit; ’-F' output

DITTIES

ler bearing

The: lift

WESTECH/March
Booth 5564

AWS Expo/April
Booth 3704

RADYNE

Innovators in Induction Heating
1-800-236-8360

211 W. Boden Street

Milwaukes, Wl 53207, U.S.A

(414) 481-8360 = Fac (414) 481-8303
e-mail: radyne & execpc. com

hittpe/ f'wwrwiradyme .com
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P& L Hesd Treating &
Cinindding

Partek Laboratorkes b,

Paulo Products Co.
—Bewscmer

Paulo Products Co.,
—Kanss City

Pabo Prohuces Co.

mEHTm
Annml-hiT:ﬂh:.

GEARA TECHMNOLOGY

Richier Precision Inc.
Solur Atmoaphenes In,
Speciality Heat Treating
—Lirund Rapics
Spovialty Steel Treating
Ine. —Farmningion Hills
Specialry Steel Treating
foic.—Fraser
Suncoast Heat Treat, Inc.
— Al
Superioe Mezal Treating
Syracuse Heat Treating
Thermal Brase Inc.
Uiniversal Heat Treating

Washingson Metallurgscal
Services

FPortabie H.T. on site

st Lsnel Heat Treat—Air,
N, Wister Hardening
Engineered Heat Treat
Inc.—Lah Services, NAL-
CAP Approved

Erie Sacel Treating Inc.—
Plug Quenching

Euclid Heat Treating Co.—
Carit Rlasting

Flame Handening of
Californis—i - Site Wovk

Fon Siee] Treating—Select
Mele (ueniching

H & S Heat Treating —
Heat Treating Network—
Hear Treating Truaining

Hinderbier- Anabheamn — Kool
Kaze —FNC—

Hitech Metallurgical Co.—

_ HEAT TREAT SEHHII‘:E DIRECTORY

HTG Commervial
Indhiction—TEN-TiC VD
Cmating s

HTG Hitoch Aero
Division—L VY Hard
Cemarings

Hundapack —Cikendake His.
~—Astomated Sadf s Salt
Austempering and
Miripaenching

tmpact Strategies hnc —
Conmalting & Lab Work

Induction Services—
Bonding Heat
Industrial Sseel Treating
Inc, —Maynetic Particie
Irnspection; Tengile Testing

Irombound Heat Tresting—
P

Jasco Hent Treatiog Inc.—
Large Salf Rath [ ines

Kerwalsks Heat Trestmg—
20 Bar Quenching

Merit Gear Corp—NATCO

Plinhm—m

Fhusyphate Plating
Phoenix Heal Treating
I, —Copper Plating
Progressive Sitel Treating
e —Girr Rlasay
Sales Engineer

Sum Stee! Trenting—Sal
Boath Harndening

Sumcoast Heat Treat, Inc,.—
Symacuse Heat Treating—
Ultrasonic Cleaming

Thermal Bruze lng,—
Irliaction Bruzing

Thermal Metal Treating
I —Fe-Mn-2 Phosphate

Westside Flame
Hurdering, Vibwaiory Stees

AFC — Pifioo—Banch 4
Continuena Meat Trea
Syerus for Sterl,
Alsmivion and Heoe

Crampramanis
Abbott Furnace:
Bely Furncces

Ajan Magyrthermbc
Treating Faquipment

Cryopenics,
I —Crvogenic Prscessor

Can-Eny Furnaces Lid. —
Conpirsons Fiorneaoes,
Hatch Furnace Suatema,
Mesh Bele Firnaces,
Fluiddized Bed Furnaces,
Ammospherre Furnaces for

i tion Eguipanent




I (NDUSTRY REPORT
Study Predicts Modest Growth
in Gear Manufacturing

Gears, a new 192-page study from The Freedonia Group
(Cleveland, OH), projects U.S. demand for gears 1o increase
4.3 percent annually through 2002, when shipmenis are pre-
dicted to reach $25.7 billion.

The automotive industry will continue 1o be the largest
source of gear demand, comprising about two-thirds of total
sales. However, growth in the sales of amomaotive gears will
be the slowest among major industry sectors, the study says.

The reasons for the expected slowdown include a satura-
tion of key gear-powered accessories such as power windows,
the ongoing development of belt-driven and other continuous-
ly variable transmissions and the slowdown of the overall
EConomy

Demand for gears in equipment and machinery is also
likely o slow down because of the overall economy, while
marine applications should exhibit the best growth prospects
because of a projected continued demand for recreational
boats, the study says

Individual gears accounted for about 60 percent of total
shipment value in 1997, However, growth in gear assembly
shipments is expected to rise faster than that of individual
gears through 2002, Most of this is expected because of
growth in the gearmotor market.

Gear Demand By Market & Origin

(million dollars)
ltem 1587 1992 1997 002 2007
Durable Goods Shipments 1229 1456 2050 7582 IM7
§ gears [ 000 § durable 104 104 10.4 10.2 10.2
goods
Gear Demand 12710 15135 A5 26380 33165
By Market:
Maotor Vehicles BT2 10070 Wil VTR 2300
Machinery & Equipment 2800 3355 4905 6120 T84S
Other 1250 1700 1800 2440 3310
By Origin
OEM 11425 13495 19225 23660 29735
Captive B120 9435 136835 16570 20535
Marchant 1305 4060 5500 1080 9200
Afermarket 1345 1630 2180 Fiy.o 3430

Giears is available for $3.300 from The Freedonia Group,
Inc., 767 Beta Dnive, Cleveland, OH 44143-2326.
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Hot Off The Press!!!
Berg's New 2000 Catalog

Your Total Solution...One-Stop-Shop
for Precision Power Transmission and Linear Components

The New B2000 Catabog contmine:

Owes T2 papes of speci M deeign dmla o
vif B5 000 preceiion machanical sl near

COMpOnETE. If e Tan S0 Mew Proviucss

Jur range o products nciute. char. bely L bed
TEL: 1-000-232-BERG " P o e, couptngs o
o comporanty, hardwste, laslenan, i
FAX: 1-800-455-BERG <750 'Wives lesenuns cocsin

wab site sl ——
v T O mm g g g
i L Sarvice Techrical Supood (i
406 Oonar Mvs | Rockamey, NY 11518 - » i .

jan Comit Carchy Arcapted Order Your Free Catalog Today!
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Building Relationships Means:

SETTING STANDARDS

WITH CUSTOMERS -

TECHNOLOGY

Surfoce has excelled for more than
80 years in applying its broad
thermal processing technical abilities
to new and unusual customer process-
ing applications. These applications
reach the full spectrum of vacuum,
atmosphere, and non-atmosphere
process demands. Surface technology
is developed with customers for use

in every day processing requirements.

OF VALUE

FOR CUSTOMERS

A

RELATIONSHIPS

The strength of Surface comes from
the customer relationships built and
maintained throughout our long
history. Customer satistaction and
growth continues to be the key to our
success. Surfoce combines tradition,
integrity, and technology to help
our customers ochieve long-term
success. Surface is truly in business
with customers, for customers.

A

SUPPORT

Surface dedicates o wide range of
resources in support of our custom-
ers. When you commit to Surface
products, you gain the support of
a large field service force, an
equipment retrofit & up-grade
department, o strong technical
services group, a full R&D depart-
ment, and one of the largest parts
inventories in the indusiry.

® Surface® Combustion

SURFACE COMBUSTION, INC. & 1700 INDIAN WOOD CIRCLE 4 MAUMEE, OH 43537 A PH. (800) 537-8980 , (419) B91-7150 A FAX (419) B91-7151
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49630 Poatisc Trail

Winom, MI 48363
248-624-8191

Fax: 248-624-3710

E-mud]l- arkes @ apfc - pafinn comm
Web: wwwagfe-pifoo.com

Abbott Furnsce Company

1068 Trowt Run Road

Suint Marys, PA | 5857
#14-TH1-615%

Fax: 814-781-134

E-mail: abhiales® penncom

Wieh: wwn pemncomiahbomfiirmace

ABS Metallurgical Processors Inc.
4313 E. Magnolia 5t
Phoenix, AZ 85034
6024173008

Fan: 6O2-4T0-030

Accurate lsn Techoologhes
10010 5, Miller Way
South Cate, UA MI280

Soath Gate, CA S0280
S62-907-6528
Fax: 310-927-8591

Advanced Heal Treat Corp.
1625 Raowe St

Monroe, M1 48162

TH4-24 30061

Fax: 7T 24 13068

Weby wwwakbeeh com

Advanced Heat Treat Corp.
839 Burion Avenus

Waterboo, 1A 50703
19-232.5221

Fax: 319-231-4052

E-mail: mbkrd® ion-aitriding com
Web: www atweh com

Advanced Heat Treating Inc.
Trout Run Rd.

S Marys, PA 15857
HI4-TE1-3744

Fax: B14-TE1-3230

E-mail: cherry @ noeniral com

Advanced Metallurgical Technology
212 Page Ave.

Fort Worth, TX 76110
817-921-5100

Fax: 817-921-3372

Fomail ampuomith @ carthlink ner
Weh: www i eme . com

Advanced Thermal Technologies, Inc.
PO, Box 873

3668 East LS. 6

Kendallville, IN 46T53

219-447-1203

Fax: 219-347-1568

Ajux Magnethermic Corp,
1745 Overlund Ave.
Warren, OH 44482
A%0-372-8511

Fax: 130-372-8608

E-muil; gjasuslesSajarmag com

Albany Metal Treating
400 8, Dowden Ave.
Albany, IN 47320
37 TRS-64TD

Fax: 31 7-7TR9-6830

Alco Hest Treating Comp.
130 Vendi St
Farmingdale, NY 11735
S16-249- 1660

Fax: 516-249-7889

Alliance Metal Treating

PO, Box 68

Eola, IL 60319
630-E51-5ERD

Fax: 630-851-0733

E-mail: almp@ [ netoom com

Allresd Products

22 8 Miain St
Terryville, CT G786
B ARG 150

Fax: BA0-559- 1566

Allpha Hest Tresiens
270 Emig Rd.

PA 17318
TIT-167-64757
Fax: T17-764-0129

American Brazing

4428 Hamann Plwy.
Willoughby, OH 44095

A4 046 5900

Fao: 440-946- 30891

E-enmil: jerwin @ pawlo-us com

American Cryogenics, Inc.

200 Travis Lane

Wankesha, W1 53189

A14-513-486

Fax: 414-513-0485

E-mmuatl: jim il ame ricanoryogenic s com
Weh: wowmlame oo R e

American Hest Treating
1346 Morris Ave.
Dayion, OH 45408
937-461-1121

Fax: 937-461-1166

American Metal Processing Co.
22720 Nagel

Wairen, M1 48089
810-757-7337

Fax: B10-757-8212

American Mrtal Treating Co.
1843 E. 6lnd S0
Cleveland, (H 4103
2064042

Fax: 26-431- 1508

E-mail:

Bruceamericonmeiltroting com
. woww e e oo g bem

American Metal Treating Inc.
PO, Box 4157

High Point, NC 17263
336-889-12T7

Fan: 336-B89-7950

Web: www.ammwerimetal com

AMT Moaroe Inc.

615 Harbor Ave.

Maonroe, M1 48162-5601
THM-242-1733

Fax: 734-242-0993

E-mail: amsmith @ carthlink net
Weh:! www heastrealers. com

Atmosphere Annealing Inc.
1 300 Indusirial D,

N. Vemon, [N 47263
B12-346-1175

Fax: BI2-346-4534

e
Bechive Hest Treating lnc.

132 Waser S1.

5. Norwalk, CT 06854

203-B66- 1635

Fax: 203-8335-9327

Benedict-Miller Inc.
Marin Ave. & Ovient Way
NI 0707 1052
20 -4 18- 3000
Fax: 201-438-3137
E-mail: info@ benedicr miller com
Web: www, benedics-miller.com

Bennett Heat Treating.
&0 Ferry St
Newark, NJ 07105
9T3- 5850550

Fax: 973-589-6518

Bodycote Thermal Processing
10543 Daric Street

Dallas, TX 75220

214-904-2438

Fax: 214-904-2423

E-mail: ance@ bodycote-na.com
Wieh: wwwe bodyoote-ma. oom

Bodycote Thermal Processing
2003 Montgomery St

Fort Worth, TX 76107
817-737-6651

Fax: 817-377-9610

E-mail: truglic @ bosfycote-sa. com
Wieh: s Bewdyroe -

Bodycote Induction Processing
B468 Ronda De.

Camton, M1 48187

TH-459.-8514

Fax: T3-459-8793

E-muail: ehurion @ hodycote-m com
Web: www bodyoote-a. oo

D18-BI4-0055
Fax: 918-B36-4162

Bodycote Thermal Processing (West)
18600 Ornard Strest

Tarzana, CA 91356
BIE-2440216
Fax: BIR-609-9372

Bomak Corp.

Six Jefferson Ave,

Wobam, MA 01801
6179354100

Fax: 617-932-0542

E-mail’ hosmacl @ inaluitry. et

21178 Bridge 5t
Southfield, M1 480034
J48-353-2041

Fax: 248-153-2024
E-mail: boraith it aol oom
Weby: wwm howal com

P-4 A4TTT
Fax: 904-741-4813

Braddock Metallurgical
00K Red Momis Plwy.
Anniston, AL 36207
205-831-5199

Fax: 205-831-5680

Brazing & Metal Treating
Div. of HI TecMetal Group
1101 E 55th S0
Cleveland, OH 44103
216-881-8100

Fan: 216-881-6811

HBraving & Motal Treating
Div. of HI TecMetal Group
1379 Jamike Lo
Ertangee, KY 41018
E-H4T-1115

Fax: G06-647-1 163

Braring & Metal Treating
2501 Hi Tec Avenue
Albert Lea, MN S8007
S07-373-9630

Fax: S07-373-3771

Brite Brazing

5476 Lake Cr.
Cleveland, OH 44114
216-881-K100

Fax: 216-881-6811

Brite Metal Treating Inc.
R0 Bessomer Ave.
Cleveland, OH 44127
216-341-2266

Fax: 216-341-4273

Bucyrus International, Inc.
1100 Milwaukee Ave,

5. Milwankee, W1 53172
4] 4-TihaE -4 000

Fax: 414-768-5221

Hurbank Steel Treating

415 5. Varney St

Burbank, CA 91502
213-849-7480 or §18-842-0975
Fax: 213-849-3730

wanCH ARRIL 1ens B




e
Cal-Dioran Division

1806 Cleveland Ave.

National City, CA 91950

619-477-2121

Fax: 619477-3219

Califomnia Surface Hardening Inc.
1315 8. Alameda St

Complon, CA 90223
I10-60R-5576

Fax: 310-608-2072

Calumet Surfsce Hardening
6805 McCook Ave.
Hammond, [N 46323
2191445600

Fam: 219-845- 10646

Can-Eng Fornsces Lid.

PO, Box 235

Niagara Falls, NY 14302-0015
905-156-1327

Fax: 905-356-1817

E-mail: furmaces @ can-eng.oom

Carolina Commercial Heat Treating
PO, Drawer 1368

Fountain [nn, SC 20644
BO3-B62-2316

Fax: BO1-R62-4466

Calerpillar Industrial Products Inc
100 KE. Adasns St

Peoria, IL 616294374
MH-6T5-5451

Fax: 39-675-6457

E-mail: corgears @ cat e mail com

Central Kentucky Processing
Heat Treal Davision

657 E. Tih 51
Lexington, KY 40505
G06-231-0226

Fan: Hil6-23 ] -0

Century Sun Metal Treating
2411 West Aero Park Cr.
Traverse City, Ml 49686
616841 - THOD

Fax: 616-941-2344

Certified Heat Treating Inc.
1200 E. First 51

Diayion, (6 45400
374612844

Fax: 937-461-4519

Centified Metal Crafi Inc.

BTT Wernon Way

El Cajon. CA 92020

619-593-3636

Fax: 619-591-1635

E-muil: cmeci @ cernffedmenic raft.com
Wb wwwcertifeaime ol raft.comdomicd

Chicago Flame Hardenmg Co
5200 Railroad Ave.

East Chicago, IN 44312
219-197-6475

Fax: 219-397-4029

Chicago Induction

3305 W, Harmison
Chicago, IL 60624
T72-826-1213

Fax: 773-626-1178
E-mail: omyeosh® a0l com

Cincinnati Flame Hardening Co
375 Security D

Fairficld, OM 45014

513542 1400

Fax: 513-942-1414

5657 Wooster Pike
Cincinnatt, OH 43227
51.271-27000

42 GEAR TECHNWOLOGY
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Fan: 313-271-0049

Cincinnati Steel Treating
5701 Maremoni Ave.
Cincinnati, OH 45117
S13271-3173

Fax: 513-271-3310

Ciry Steel Treating Inc
13007 Los Mietos Rd,

Sama Fe Springs, CA 90670
$62.041-1246

Fax: 562-941-1247

Clearing Niagara

PO, Box 475

Buffalo, NY 14240
TI6-E03-4070

Fax: 716-893-4084
Wb wwwiond-inil.com

Cleveland Flame Hardening Co
935 West Ave,
Cleveland, OH 44113
216-241-1333

Fax: 216-241-3946

Codeman Commercial Heat Treating
2867 Hangar Rd.

Memphis, TN 38118

S0 - Me-02104

Fax: 90)-366-0770

Commercial Induction
11116 Avon Ave,
Cleveland, OH 44105
216-E81-R100

Fan: 216-881-6811

Ciommercial Steel Treating Cowp.
31440 Sicphenson Hwy,
Madison Heighas, M1 48071
248-548-3300

Fax: 248-588. 3300

Contour Herdening Inc
THOE Flonaville Rd

IN 46268
117-876-1530
Fax: 317-879-2484

Cooperheat Inc.
410 Walcot Rd
Wealake, LA 7069
31B-R82-1800

Fax: 318-882-1821

Custom Heat Treating Co,
4117 Meadow Lane
Bessier City. LA T
JI8-T42-6662

Fax: 318-742-4115

Delavan Sicel Treating Operation
2250 Fuller Road

‘West Dies Moines, 1A 502635
515-225-6565

Pax: 515-226-8772

Delphi Engincering & Contracting Inc.
131 Blackwood Bamaboro Bd.
Sewell, NI DSORI

GIO-408-4839

Fra: 609-228-0154

E-mail: deec 6@ aol.com

Web: wwrw delphirngimering. com

Detroit Flame Hardening

17644 M. Ellicn

Detroit, MI 48212

313-891-2936

Fax: 313-891-3150

E-mail: dffvimc @ carthiink net

Wb swwwmefwark OO0 comderflame

Deetroit Steel Treating Co,
1631 Highwood East
Pontisc, MI 48340

248-334-T436
Fax: 248-134-TK0]
E-mail: 871652 @ a0l com

Dismond Heal Treating Co.
5660 W, Jefferson

Detroit, M1 48209
3138436570

Fax: 313-842-0280

Disston Precision Inc
6795 Stae Rd
Philadelphia, PA 19135
215-338-1200

Fax: 215-338-7060

Dixie Heat Treating Co.
425 County Rosd 30
PFlorence, AL 15630
205-767-1752

Pax: 203-767-15373

Dixke Machine & Heat Tresting Inc.
711 E. Franklin

Castonia, NC 28054

TO4-864-5454

Fax: T04-B64-5456

Drever Heat Treating
6201 Robinwood Rd.
Baltimore, MD 21223
A10-TES-6161

Fax: 410-7TR9-6650

The Duffy Company
283 Fast Hellen Road
Palatine, 11 &006T-6954
BT 2020000

Fax: B47-202-0004

Dynamic Metal Treating

T784 Ronda Dir.

Canton Township, M1 48187
T34-459-58022

Fax: T34-459-THED

Wieh: wowwebnigbooladinect netidhnamic

East Carolina Metal Treating Inc,
1010 5. Ssunders St

Rakeigh, NC 27600
S19-834-2100

Fax: 919-833- 1764

E-mail: rockylI5@ ol com

Eas-Lind Heat Trest

L]

Madison Heights, M1 48071
248-583-1413

Fax: 248-585- 3045

E-mail: saxtlingd® ool com

Eckel Heat Treat
B035 W. County Rd.
Odessa, TX T9764
Q15-362-4136

Fax: 915-362-1827

Edwards Heat Treating
642 McCormick 5t

San Leandro, CA 94577
510-638-4140

Fax: 510-638- 1438

Elmuira Heat Tresting Enc.
407 §, Kinyon St
Elmira, NY 14904
AT-T A4 R

Fax: 607-732-2572

Engineered Heat Treat Inc.
31271 Stephensan Hwy.

Erle Sieel Tresting Inc.

5540 Jackman Rd,

Toledo, OH 43613
419-478-3743

Fax: £19-4TH-0100

E-mail: eriestee] @ wolediolink, com
Web: waw.erie.com

Euclid Heat Treating Co.
1408 E. 222nd 51,
Cleveland, OH 44117
116-481-8444

Fax: 216-48]-3473

E = e
Fairfield Mfg. Ca.

F.0). Box T940

Lafayette, [N 47903

THE-ATI-MT4

Fax: M7477.7M2

Feinblanking Lad
9461 LeSaimt Dy,
Fairfickd, O 45014
S13-860-2 100

Fax: 513-EM0-5146

Fenton Heat Ti

305 Homestead Duiquesne Rd.
West Mifflin, PA 15122
412-466- Y960

Fax: 412-466-7931

Flame Hardening Co. of California
6057 State Si.

Huntington Park, CA W25S
213-589-5066

Fax: 213-5K0-5400

Flame Metals Processing Corp.
TAIT W, Lake Su

5t Louss Park, MN 55426
612-929-TH1S

Fax: 612-925.0572

E-mail: fime @ Tamemetoly.oom

Fluxirol Manufacturing Inc.
1388 Adlantic Bivd,
Auburn Hills, M1 48326
B10- 30 2000

Fax: 810-393.0077

Fox Sieel Treating Co.
2220 Chrathon, Ave,
Detyoin, M1 45207
HEE-8 1 50808

Fax: 313-568-0148

FPM Heat Treating
1501 5. Lively Blvd,
Elk Grove, [L 60007
B47-226-252%

Fax: B47-228.9887

FPM Ipsen Heat Treating
666 Route 20

Cherry Valley, IL 61016
E15-332-4%961

Fax: 815-132.3022

FPM Milwagkee

E20] W. Cahumet Rd.
Milwaukee, W1 33223
414-355-7900

Fax: 414-155-4719

Franklin Steel Treating Co.
10710 Ridge 51

Columbes, OH 432151190
B14-458-2556

Fa: 614-486-2480

AN e ==
Giear Company of America

14300 Corgin Ave.

Cleveland, OH 44111

216-5671-5400

Fax: 216-67]-582%




General Heat Treating Corp

6770 Benedict Rd

East Symacuse, NY 13057
5-437-1117

Fax: 315-433-1154

Weby wwis penernlheatinealingg. com

Cieneral Metal Heat Treating Inc
041 Addison Rd

Cleveland, OH 44100

216391 -0886

Fax: 216-391-0&%0

Cien. H. Poner Siee] Treating Co
1273 E 55 St

Clevelamd, O 441008
21A-431-6601

Fax: 2164310008

E-mail: rrvaning @ ool com

Ciibson Heat Treat Ine
2037 Brookside Lo
Kingspon, TN 17660
423 246-5547

Fax: 423-246-8529

Gleason Plauter Hurth Cutting Tools
1351 Windsor Rosd

Loves Park, IL 61111

H15-HT7-RMM)

Fax: HIS-K77-0624

E-mail: sales@pmer.com

Wieh: wwrw et com

The Gleason Works

1000 U'miversity Ave.
Rochester, NY 14691
Tle-461-80%]

Fax: Thh-461-1492

Cilobal Heat Treat Inc
54 Roude | 30
Yardville, M) (8630
69208 | 200

Fax: 609-298-7958

Gaonond Ennth Tools, Inc

Fouwr Industrial Drive

Crysial City, MO 63019
$14-937.7330

Fax: 314-937. 3386

E-inaal: govsdearthloods @ s, nel

Cirand Rapids Commercial Heal Treating
1832 Buchanan Ave. 5.W

Girand Rapads, M1 49548

616-243-0111

Fax: 616-243-4080

H & M Metal Processing
1850 From: 5t

Cuyahoga Falls, OH 44121
Rk 304- 2036

Fax: 216-928-54T2

H & 5 Head Treating

PO Box 160

133 South 5¢ N

Porl Robmsoa, 0N LOSTKD
Canads

WS- ARA-935%

Fax: 905-384-91 10

E-mail: hahead @& vautine o
Hansen-Balk Siocl Treating Co
1230 Monroe M. W

Grand Rapids, MI 49505
BIG-45E-1414

Fax: 616-458-0868

Hauma Richmond Inc
2800 Charles Cury Rd
Richmond, WA 23211
B 2524

Fax: B04-236-5284

Heai Trea € orp. of America
113DW. 119k St

COMPANY INDEX I

Chicago, IL 60641
TT1-264-1234
Fan: T73-264-4321

Hesl- !I'n:al:mg Ing

107 W, Pleasani St
Springfield, OH 45506
513325312

Fax: 5133283117

Hheat 'Inu':m!_' Setwork

16600 W, Sprague Road, #2735
Cleveland, OH 44130

A40- 24 3 BN

Fax: 440-243-8992

E-mail; haadnet @ ool rom

Heat Treatme Services 1.'ur;l
217 Central Ave

Pomtisc, M 48341
B1D-B58-2230

Fax: BI0-858-2242

Hi TecMetal Group
1100 E. 55ih St
Cleveland, OH 44103
216881 -R100

Fax: 216-851-6811

Hinderliter Heat Treating lnc
1025 M. Pauline 51
Anaheim, CA Y2801
T14-TTh-B312

Fax: 714-TT6-8446
Hinderliter Heat Trealing Inc
130 Donc 51

Dalles, TX 75220
2143570004

Fax: 214-357-0195

Himderliter Heat Treating b
VRG00 Crunard St

Tarzana, CA 91336
BiR-144-0216

Fax: K18-6{K-9372

Himderhiier Heat Treating Inc
1240 N, Harvard

Talsa, DK 74115
GIR-R34-(H55

Fax: 918-836-4162

Hitech Metallurgical Co
1384 Trade S

San Diegn, CA 92121
G19-586-7272

Fax: 619-586-7598
E-muail: aayndi@ prodigy. com

Hi-Tech Sacel Treating L
X720 Robers St

Saginaw, M 4560
BO0-E35-K294 or 517-T53-1455
Fax: 517-753-2368

Web: wwwm hifecisdeel com

Holerult

12068 Market S

Livomka, MI 48150
T390 - 1000

Fan: TM-591-6443

E-mull: salestitholcroft.com
Wb wwwboderofi.com

Horiron Sieel Tresting Inc

23] Jandus Rd

Cary, TL 60013

B4 76394030

Fax: R47-639- 1981

E-rmail: Rarvey idowd @ Berivigadd o om

Horsburgh & Scott Co
5114 Hamilion Ave
Clevelamd, OH 44114
T4 ] - 3000

Pax: 216-432-5861
E-manil: rypsc- @8 R
Web: wwow harstuirgh-ooof!, oo

rilmorg b sl covm

CONDURSAL

STOP-OFF PAINTS

The first choice of leading gear
manufacturers for selective
carburizing & nitriding processes.

Condursal 0090 / Gas Carburizing & Carbonitriding
Condursal 710 | Gas Carburizing
Conduron G55 / Deep Case Gas Carburizing
Condursal N523 / Nitriding
Condursal 0118 CR / Nitrocarburizing
Condursal N-9 / lon Nitnding
Condursal P 362 | Pack Carburizing
Condursal Z 0095 / Scale Prevention

The only alternative to
copper plating that works!

THEJDUFFY COMPANY
283 East Hellen Road
Palatine, liinois 60067-6954
(B47) 202-0000
FAX (B47) 202-0004

CIRCLE 142

GROUND GEARS - Ten or Ten Thousand

For small to medium guantities of spurs or helicals that have 1o
meet close-tolerance AGMA or DIN specs, our Reishauer grinders
and M&M gear analysis systems are the perfect combination

For Long runs, we offer the unigue Liebherr CBN grinding
process with full SPC quality control and documentation

So whether your needs are for ten or tens of thousands, we
invite you to join the growing list of INSCO customers who rely on
us for consistent quality, reasonable costs, and reliable delivery

PHONE: 978-448-6368
FAX: 97B-448-5155
WEB: inscocorp.com

co 412 Main Street Groton, Massachuselis 01450

EORPORATION

1S0 9001 Registered

CIRCLE 166
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L e BRCERWERIAGEN
T E—

York, SC 297435 Macdbui Probe of America
Howston Flame Hardening . Pimccone Dirive
215 M. Jenkina St BO3-684-2548 Kowalski Heat Treating Co, :i:wﬂl‘l-lm
Houston, TX 77003 Fax: R00-684-9387 3611 Detroit Ave. A0-350-0400
TI3-926-8017 ; Cleveland, OH 44113 Fax: 440-350-0047
Fax: TIR026-8116 Induction Services Inc EEH-KHT-HEAT or 216-631-2411
24800 Mound Rd. Fax: 216-631-8921 Magnum Metal Treating
HTO Astobeaze Warren, MI 48001 E-mail: bhrhear ool com 4400 N. Frazier 51
G40 Rednn Terrace H10-T54- 1640 Conroe, TX 77300
Woodlawn, OH 45213 Fax: B10-T54-3402 . TIA-350-R615
5137721461 Lake County Steel Treating Fax: 409-556-6607
Fax: $13.772-0149 Inductoheat Inc. G600 Anita
32251 N. Avis Dr. Amntioch, [L 60002 Mannings US.A.
HTG Commercial Induction Madison Heights, M1 48071 BAT-375-8174 200 Richards Ave.
4010 East [ 6th Street gﬂm x Fax: 847-395-7638 Daover, NI 07801
Cleveland, OH 44103 Fax: _ BO0-447-4473
216-8%1-8100 E-matl: mooross @ indactobeal com [;;}“ Machining, Inc Fax: 973-537.1581
Fax: 216-883-4822 . Laser Dirive E-mail. MANNINGS @ worldnet.atr net
E-mail: hgsales @ apk.net kndugwial Micwal Theading; Corp, Somerset, W1 54025 Manmings# aol com
402 E. Front St 715-247-3285 Web: menniygsate.com
HTG Hitech Aero Division Wilmington, DE 19801 Fax: T15-247-3650 .
4800 Lakeland Blvel, 302-656- 1677 E-madl: sales @ lasermachiniag. com Master Heat Treating Inc,
Eastlake, OF 44095 Fax: 302-656-4370 Web: wiww: lasermarhining. o 31 Bowwn Avn.
440046 3980 E-mail: ribec @ roicenel.com Springfickd, NJ 07081
Fax: 440-946-1283 i P Lawrence Industrics Inc. 013797320
Wb wwaahibecmetalgroug, com Industrial Sieel Treating Co 1720 5. Combusker Ave. Fax: 201-379-1214
PO. Box 98 Hastings, NE 658901
Huodapack Metal Treating—FElkhorn Jackson, M1 49302 402-463-3158 Com.
979 Koopmen Lane 517-787-6312 Pax: 402-463-4128 :?E‘L?f_ QTF
Elkhorn, W1 531212203 Fan: 317-781-5441 : Antigo, W1 54400
S14-T20.2045 E-mall: swilcos @ incdl com Lindberg Heat Treating Co, T15-623-2307
Fax: 414-T2%-3752 Web: www indsil ned 67% Christian Lane Fax: TI5-627-2558
Web: www. hudopockmetaltreating. com R Berlin, CT 06037
Indusirial § g Inc. B60-225-To Metal Improvement Co.
Hudapack Metal Treating 3370 Benedict Way Fax: 860-229-3891 1515 Universal Rd.
Huntington Park, CA 90255 E-mail: beriin @ lindbergpet com Cohumbus, O 43207
550 Mitchell Road 213-383- 11 . 6144441181
Glendale Heights, 1L 68139 Fax: 213-989-1255 Lindberg Heat Treating Co, Pax: G400
GM-HER.0505 Wb wws imadstry metfar B316 E Freeway
Flax: 630-858-1313 Houston, TX 77229 Mectal niprovement Co,
Web: www hudapackmetalireating.com | Inernational Induction Inc. TI3-672-6601 116 Southpark Rd.
1504 10xh Ave. Fax: T13-672-5164 Lafayetie, LA 70508
Huron Metallurgical Inc. Port Huron, MI 43060 : 3188379273
12611 Haggeny Rd, #10-984-3803 Lindberg Heat Treating Co Fax: 318-837.2508
Belleville, MI 48111 Fax: 810-984-3801 1975 N. Ruby St.
248-452.2301 Mebrose Park, IL 60160 Metal Improvement Co.
E-mmuil: hrsgd @ aol,com anc, luc. T08-344-4080 £201 N. §7th St
6633 Belluire Highway Fao: T08-344-4010 Milwaukes, Wi §31274
Hydro-Vac Bellaice, Ml 49615 ] : 414-355.6119
IITthrqun:Sl. 616- 5336660 Lindberg Heat Treating Co Fax: 414-155.9] 14
Cleveland, OH 44114 Fax: 616-513-6660 16167 W. Rogers Dy, E-muil: metialimp @ execpe com
216-BE1-8100 E-mail: [ibuarmard @ onex com New Berlin, W1 33151 Web www meutlimgvirvement com
Fax: 216-881-6811 Wieh: wewwd domer com 414-T82-5553
; Fax: 4147823660 Metal Improvement Co.
Hy-¥ac Technologies Inc. Ironbound Heat Treating 1618 hda
15701 Glendale Ave. 304 Con Street Limdberg Heat Treating Co. Wichita, K5 67211
Detroit, M1 48227 Roselle, N 07200 4210 Douglas Ave 116-267-5201
113-838-2800 POB-245-0717 Racine, W1 53402 Fax: 316-267.5735
Fax: 313-818-2802 Fao: 908-245-6255 414-681-4280
Wb wwnL i, com Fax: 414-639-5719 Metal Improvement Co.
-3 _ 10195, Meloan Blvd
IHS. an Inductotherm Co, Irwin Automation lne. Lindberg Heat Treating Co, Wichiza, KS 67213
5009 Rondo Drive T15 Cleveland S 620 Buffalo Rd. 316-267-8201
Fr. Worth, TX Ta106 Greensherg, PA 15601 Richesier, NY 14611 Eax: T16-267. 7004
Bi7-425.5577 T24-834-Ti60 TIo-416.-THTS
Fax: B17-625-1872 Fax: 724-334-46T0 Fax: T16-436-5276 Metal Methods
E-mail: ingferll s, comm E-mail: joi @ wertol.com E-mail: rroberto@ frontemer.ner 260 Chenaul Rd.
i rrr———— D ki, XY 4900%
Illiana Heat Treating Inc Jasco Heat Treating Inc. Lindberg Heat Treating Co s, 2
: : J02-695-5702
PO, Box 1466 75 Macedon Center Road 6133 N. River Road, Suite 700 Fax L
Danville, I 61534-1466 Fuirport, NY 14450 Rosemont, IL 60018 Metal Processing Co
217441418 1:!6-3“-[“ B47-R13-2021 3257 N, A2nd 5L
Fax: 2174425419 Fax: T16-1T7-T116 Fax: B4T-B23-0795 Milwankee, W1 53216
E-mail: jogpitts @aol com E-mail: thecthrown @ aod com 414-871.9010
Impact Strateghes lnc Webs www.meme.comjasce/ Fax: 414-871-3910
PO, Box 5117 : Lindberg Heat Treating Co.,
Clinton, N 08809 JCS Engineering & Development 650 E. Taylor Ave Mectal Trestees finc.
WE-T130-9163 211 W. 22nd St St Louds, MO 63147 £59 N. Prior Ave.
Pax: 908-T3-8334 Hialeah, FL 33010 3014-382-6200 St Paul, MN S5104
J05-888-79101 Fax: M4-382-3741 ﬁ_'rl.ad-lt;-l.ll'l'
Induction Heat Treating Corp Fax: 305-858-9913 Fax: 651-646.7705
e e Johm ¥, Potero Co M & M Heai Treat
Crystal Lake, IL 60014 5 . Mital Treating lnc
B15-4T7-TT8E 4225-33 Adwaos e 1309 Main St 1575 W. Pierce Si.
Fax: RIS-477-7784 Philadelphia, PA 19124 Easexville, M1 48732 Milwaskoe, W1 3204
E-mail: ihtcorg @ we.nei 215-513-8988 S17-893-3677 4146452224
Fa: 215-533-9210 Fax: 517-893-4420 Aax: A14GIS0118
Inshuction Metal Treating Co.
PO, Box 748

M  GEar TECHMOLOGY




Metal Treating & Research

1680 E. &h Ave

Dewver, CD 80229

WL IR6-91 0

Fax: 3003 2860366

E-mail: rnsmnrr@ dime riional com

Metallungscal Inc

0 E. Hennepin Ave
Minncmpolia, MN 55414
&12-378-1500

Fax: 612-378-0462

Metallurgical Processing Inc
PO, Box 0842

Fort Wavne, IN 46854
219-473- 1691

Fan: 219-412. 2656

Mutals Enginecring Inc
TR0 South Broadway
Green Bay, W 54304
414437 Toms

Fan: 4]14-417-7687

Metals Technodogy Corp
120 Nowth Schmale Rd
Carol Suream, 11 60158
63221 -2500

Fax: 630- 321001 20

Metal-Tec Heat Tresting Inc
4723 W, Sistion 51

Eight Mile, AL 3613
144561118

Fan: 10-456-1134

Matlab Co

100 E. Miermaid Lo
Wyndmoor, FA | 9038
215- 2332600

Fax: 215-233-3653

Maetro Sieel Treating
o Grinnedl
Dictrodt, M1 48211
113-921-5522

Fax: 3139210063

Met-Tek Inc

13651 S E 12%h v
Clackaemas, OR 97015
S03-A6- 3013

Fau: M-H55-6898

M- Tek Inc

1800 Melvin Ave
Racine, W1 33404
414-639-8157

Fax: 414-639-7152

Michigan Flame Hardemsng Co
241 H.e:l:m;h_lm

Ty, M1 480873

E10-689-1T17

Fasn: EIO-GEGDGRD

Michigan Induction lnc

B4GE Ronda Dr.

Camon, M1 48187

334598514

Fax: Y1 3-430-8795

E-rmail: muimgasrersd oeonfine com
Wieh: www. sl pon- i fion. oo

Midland Metal Treating Inc
5312 W Adrways Ave
Franklin, W1 53132
Ald=421-5140

Fax: 414-42] -2 %00

Mubwest Flame Hardening Ing
S0 W, 1Swh St

East Chicago, IN 46312
J19-397-8423

Fax: 219-397.R480

Midweslern Machinery Co
N2 E 4ih Sireet

COMPANY INDEX I

Joplin, MO &4802-2214
417-624-2400
Pax: 417-624-2430

Web wwn mow i) g oes

Modemn Industties Inc
513 West | 1th 5t
Erie, PA 16312
H14-455-806 |

Fax: B14-454- 30

Modem Metal Processing Inc
M8 Corwin Rd

PO, Box 22

Willimmston, M1 4E895

1 7-H5 5442

Fax: 517-653-1795%

Muobon Gear & Shafi
135 E Nlinois St
Palatine, 1. 60067
BAT-250-375%0

Fax: B47-103-8349

Mountain Metallurgical Com
PO Box 460

Elirabethion, TN 37644
423.543.77)

Fax: 423-342-1519

MPT Amernica

27525 Newhall Ranch Bd, Unit 4
Vialencia, CA 91353

BOA-297-1971

Fax: BO3-257. 19346

E-mail: smpi- jrg @ plesumaa -mitride com
Web: www, plidema-ailfride. com

L
Nathonal Broach & Machine

17500 23 Mile Rd.

Mucomb, M1 8044

K10k 2650100

Fax: B10- 2614571

Wb www, redrimgproduci. com

National Induction Heating
630 E. Ten Mile Rd

Harel Pask, M1 48030
R10-547-5T00

Fax: 810-547.-5702

Natonal Motal Proceising Inc
450 M. Esull Ave

P.O. Box 280

Richmond, KY 404 T6-(080
Bi-A23-929]

Fax: Hié6-621-924]

E-mail: NSGroves @ gl com

MNettleson Sweel Treating
1371 E 4%k St
Cleveland, (JH 44103
216-881-8100

Fax: 216-881-6811

Nitrex Metal Technologies Inc
4211 Mabnway Dyive
Burlingion, Dntario L71. SN9
Canails

5= 1199258

Fan: SS-319-92640

E-matl: momibsur! @ worladchar com
Web: mvww AifreL com

Nitrea, Metal Technologies Inc
K22 Kim Dwive

Mason, M1 45854

31 7-6M6-6370

Fan: 5176766427

E-mail! mirnesmss @ nifres com
Wieh: www mitres com

Mibren Metal Technodogies Ing
3474 Poiner Blvwd

51 Lasrenl, Ouchec HAR 2138
Canada

514-335-7191

E-muail: mitres @ mitres. com

SPIRAL BEVEL GEARS

L

Spiral & Straight Bevel Gear Manufacturing.
Commercial to aircraft quality gearing.
Spur, helical, splined shafts, internal & external,
shaved & ground gears. Spiral bevel grinding.

Mil-1-45208 * Mil-STD-45662, SPC
MIDWEST GEAR EST contacr:
& TOOL, INC. CRAIG D. ROSS
26069 Groesbeck Hwy (8101 T76-7580
Warran, M| 48085 FAX (B10) Tr6-2322
CIRCLE 137

Where do | go for DIN
or JIS spline gages?

We supply these and to ANSI, ASA,
British and other national specifications,
with traceable certificates if required
Involute splines, serrations, parallel-
sided splines, specials, helicals — all are
within our range. Prompt quotations
made and good deliveries. Hobs and
shaper-cutters also avallable.
1650 Sycamaore Avenue
Bohemia, NY 11716
1-516-567-1000
Fax: 1-516-567-1355
Www, parkerind.com

E*Mail: sales@parkening.com

CIRCLE 141
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Nitro-Vac Heat Treating Inc
23080 Dequindre

‘Warren, M1 48091
BID-T54-4350

Fax: 810-754-5195

Mitron Ing,

26 Wellinan St
Lowell, MA 01851
S08-458- 3030
Pan: 50R-458-3131

0 & W Heat Trem Inc.
Ome Bidwell Rel

5. Windsor, CT 06074
B6D-528-92%9

Fax: 8602919039

5102619675
Fax: 510-261-56T6

Dhio Metallurgical Service
1033 Clark St

Elyria, OH 44036
216-365-4 105

Fax: 216-365-9527

= =L S A
P & L Heat Treating & Grinding

313 E Wood 51

Youngstown, OH 24503

216-T46-1339

Fan: 216-746- 7029

Partek Laboratories Inc.
125 8. Hollywood Rd.
Howma, LA 70360
SO4-8251-5310

Fax: 504-851-5312

Puabo Products Co.

T0S N, X2nd St

Bessemer, AL 35020
I5-428-1204

Fax: 205-425-9841

E-madl: (Mo @ poando-us. com

Paulo Products Co,

4827 Chelsen

Kansas Ciry, MO 64130
B16-B61-7500

Fax: 816-924-7300

E-manil: IMCoulis® pawo-u.com

Paulo Products Co.

1 540 Channel Wy

Memphis, TN 35113

O] -948-5523

Fax: 901-048-7501

E-mail: DK rmick @ paulo-us. com

Panlo Products Co.

1307 Ruiledge Way
Murfreeshoro, TH 37129
615-896-1385

Fax: 615-893-9613

E-tmunil: Lhenking @ paifo-us.com

Paulo Products Co,

3206 Ambeose

Nashville, TN 37207-3206
615-218.2526

Fax: 6152282734

E-mail: EPfrommer@ paulo-ws.com

Paulo Products Co.

5711 West Park Ave.

St Louix, MO 63110
J14-647-T500

Fax: 314-647-7518

E-mail: NPrince @ paslo-i_com

“‘ GEAR TECHNOLOGY

‘Web: www.nirnex.cmm Penna Flame Industries Inc.

RR#3 Box 148

Zelicnople, PA 16063
412-452-R750

Fax: 4124520484

E-matl: jorri® perngflame. com
Web: www peanafTame, com

Pennsyivania Metallurgical Inc
315 Columbia 51
Bethlchem, PA 18017
GI-621-1313

Fax: &10-691-2662

215 Race 5t
Meadville, PA 16335
B14-333-1782

PFax: 814-333-2533

Phoends Hest Treating Inc.
2405 W, Mohave

Phoeniz, AZ 85009
602-258-T751

Fax: 602-258-T767

E-mail: infirl® phoaheaineat com
Wieh: www pioheatreas rom

Pillar Industries

WO W 1 S800 Megal D
Menomonee Falls, W1 53051
414-255-6470

Fax: 414-255-0059

E-mail: sales @ pillarcom
Wb www: pillar com

Piin-Tex Inc.

PO, Box 109

Latrobe, PA 15650
4125372008

Fax: 412-537-2140

E-maail; Fine-Tex @ prodigy. met

Precisbon Hesi Treating Corp.
2711 Adams Cemer Rid.
Fort Wayne, [N 46301
219-T49.5125

Fan: 219-749-0108

Progressive Engineering Co.
2010 E. Main 51

Richmond, WA 23223
BO4-A48-T22]

Fax: B04-THO-2230

E-mail: sales® pecgears.com
Weh: www pecgear. com

Progressive Steel Treating Inc.
922 Lawn Drive

Loves Park, IL 61111
BIS-277-25T1

Fax: B15-877-7922

E-mail: prostes] ] @ aol.com

Racine Heat Treating Co.
1215 Sk 56

Racine, Wi 53403
414-637-9893

Fax: 414-637-9854

Fax: 414-481-8303
E-mail: redvac@execpe.com
Wb www.radyme.com

Rebeo'RolockMiech
PO Box 373
Jeifersom, OH 44047
440-275-3075

Fax: 440-275-3075

Revus Engineering Co,
555 W, 16th 51

IN 46202
JIT-635-6311

Richier Precision lnc,
1021 Commercial Ave.
East Petersburg, PA 17520
T17-560-9990

PFax: T17-560-874]

Roboduction Thermal Processing
PO, Box 5090

Southficld, M1 48086
B10-356-25T7

Fax: B10-156-3989

Rochester Steel Treating Works
962 East Main 51

Rochester, NY 14605
Ti6-546-1348

Fax: T16-546- 1684

Rotation Products Com.
2849 N. Catherwood Ave.
Indianapolis, [N 46219
317-542-8562

Fax: 317-542-1171

fo=— - = 5
Soot Forge

8001 Winn Rd. Box &

Spring Grove, IL 6008)

B4T7-587-1000

Fax: B47-587- 2000

Eomail: sales@® seogiorge. com

Wieh: sooforge. com

Shanafel Mg, Co.
2633 Winfield Way N.E
Canton, OH £4705
216-455-0315

Fax: 216-455-4487

Shore Metal Tremting Technology Ine.
5475 Avion Park Dr

Cleveland, OH 44143

216-473-2020

Fax: 216-473-0947

5.5, Heat Treating Inc,
31386 Industnial Dr.
Saginaw, M1 45601
37770270

Fax: SIT-7T7T7-0273

Solar Atmospheres Ine.
1965 Clearview Dr.

Sooderton, PA 15964
BO0-347-3136

Fax: 215-T23-6460

E-mail; infioi@ sodaranm. com
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GEAR FUNDAMENTALS

Metallurgical Aspects
to be Considered in
Gear and Shaft Design

Introduction

In his Handbook of Gear Design
{(Ref. 1), Dudley states {or undersiates):
“The best gear people around the world
are now coming to realize that metallur-
gical quality is just as important as geo-
meiric quality.” Geomelric accuracy
without metallurgical inegrity in any
highly stressed gear or shaft would only
result
cermned—the gear designer, the manufac-
turer, and the customer—as the compo-

in wasted effort for all con-

nent’s life cycle would be prematurely
cut short. A carburized automotive gear
or shaft with the wrong surface hard-
ness, case depth or core hardness may
not even complete its basic warranty
period before failing totally at consider-
able expense and loss of prestige for the
producer and the customer. The unex-
pected early failure of a large industrial
gear or shaft in a coal mine or mill could
result in lost production and income
while the machine is
replacement components may not be

down since

readily available. Fortunately, this sce-
nario 15 nol common. Most reputable
gear and shaft manufacturers around the
world would never neglect the metallur-
gical quality of their products.
Additionally, there exisis today a
wide range of sophisticated and reliable
control equipment available 1o the gear
industry to ensure that all of the metal-
lurgical processes in gear making are
adequately quality assured.
New Opportunities for
Manufacturers
In the automotive industry, cus-
tomers have always demanded lighter,

M. G. Conyngham

cheaper and quieter gears that carry
higher loads at increasing speeds. It is

only through an increased knowledge :

and understanding of the metallurgical
aspects of gear and shaft design that
these demands can be satisfied.

For many years, industrial gear man-
ufacturers have followed the larger auto-
motive gear companies in introducing
processes such as gas carburizing for
their small o medium sized gears.
Surface hardening technigques such as
flame hardening and contour induction
hardening are frequently used to
improve the endurance or load carrying
ability, allowing reduced weight and
cost. Gears and shafts manufactured for
mining machines, for example, have
been surface hardened using technigues
that include gas carburizing, nitriding,
induction hardening and shot peening.
In all of these cases, customer demands
can be fully met by an intimate knowl-
edge of the metallurgical changes occur-
ring before, during and after manufac-
turing. This includes material selection,
machining, heat treatmenl processing,
shot peening, grinding, chemical treat-
ment and subsequent lubrication.

Design Engineer’s Role

The design engineer has overall
responsibility of the engineering specifi-
cations of new gears and shafts used to
transmit
speeds or drive machinery. This respon-
sibility includes calculating the geomet-
ric or dimensional specifications and

torgue, change rotational

ensuring that the loads can be transmit-
ted smoothly and safely without break-
age or seizure. The designer makes use

“THE BEST GEAR PEOPLE

AROUND THE WORLD ARE

NOW COMING TO REALIZE
THAT METALLURGICAL

QUALITY IS JUST AS
IMPORTANT AS
GEOMETRIC QUALITY.

DARLE W. DUDLEY

of various gear standards, handbooks,
and computer software to aid in this
process. He will utilize tables and charts
in these references to obtain the load
carrying properties of various materials
or, more likely, to compare the surface
load and bending endurance limits of
the available materials. The most com-
monly tabulated metallurgical property
shown in these tables and graphs is
Brinell hardness, which is directly refat-
ed to ultimate tensile strength, as are all
indentation hardness tests (Ref. 2).
These charts apply o normalized or
hardened and tempered steel gears up 1o
a maximum of about 400 Brinell hard-
ness. Metallurgical factors such as sur-

M. G. Conyngham

is a metallurgist and a thirfy-year
veteran of the gear industry. He i a
member of the Engineering foculry
at the University of Wollongong
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face microstructure, grain size and steel
cleanliness can have a major influence
on gear and shaft endurance limits, but
they are typically ignored. Such factors
are not easily expressed numencally and
are difficult for the design engineer o
use directly in his calculations. It is
probable that the designer may consult
tables giving the full mechanical and
physical properties of specific materials
and rate them on performance in areas
such as impact strength, ductility,
fatigue life, or surface load and bending
endurance limits if these figures are
available. In reality, it is implied that the
vast majority of vital metallurgical fac-
tors must be commectly dealt with by the
material supplicr or process provider,
who must ensure that metallurgical
integrity and the optimum balance
between strength and toughness proper-
ties are achieved in the final product.
Materials Engineer’s Role

In larger gear and shaft companies, it
is the responsibility of the materials
engineer o ensure the metallurgical
integrity of the final product. This
includes selecting the correct materials
and thermal processing, as well as qual-
ity assurance of all the vital production
processes that could change the proper-
ties of the final gear or shaft. Many
metallic and nonmetallic materials have
been successfully used to manufacture
gears (Ref. 6). A wide variety of sieels,
cast irons, nonferrous alloys, phenolic
resins, thermoplastics and sintered irons
are available, but by far the greatest
number of highly stressed gears and
shafts are made from steels because of
their high strength to weight ratio and
relatively low cost. Additionally, fer-
rous malerials gain their wide accep-
tance from the fact that their structural
properties can be modified by heat
treatment, and their surface chemistry
can be changed by diffusing carbon or
nitrogen into their surfaces. It has been
estimated, for example, that steels
account for about ninety percent of all
gears and shafis produced in Australia.
There are also a wide range of surface
hardening options to select from, so
specialist knowledge and material test
equipment is required. It is in this area

I GEAR FUNDAMENTALS I




that most materials engineers receive
their training.

Mechanical and maiterials engineers
work together in their differing roles 1o
arrive at the correct design and manu-
facturing route to make better and
cheaper gears and shafis that will not
fail prematurely.

Materials and Process Selection

In genecral, the design engineer will
consult with the materials engineer to
discuss all of the available options
before selecting the final materials and
heat treatment processes that satisfy the
design requirements for a particular gear
or shaft as well as fulfill the economic
requirements of the business in an
increasingly competitive environment.
In Australia there are a limited number
of steels and process options available
(Ref. 6), so the right decision at the
design siage is essential. For example, an
automotive transmission shaft may be
made from a low carbon alloy steel and
carburized and guenched, or it could be
satisfactorily made from a cheaper plain
carbon steel and
The final decision will depend on the

induction hardened.

configuration and type of gear or shafi
being considered as well as the location,
magnitude and duration of stresses that
are likely 1o be present. Also vital are the
capability, reliability and cost of the met-
allurgical processes available at the time.

At this stage, the materials engineer
must consider metallurgical problems
such as distortion during heal treatment
processing, the likely impact and fatigue
loads that may be encountered during
service, and the added costs related to
ensuring metallurgical quality. The two
engineers must be able to apply theory
and experience 1o the particular applica-
tion in guestion so as to arrive at the
desired result—a precision product at a
competitive price to satisfy the customer.

Considerable experience and knowl-
edge of existing svccessful designs is
normally required. Discussion of the
precise application needs and require-
menls may reveal that special problems
exist with lubrication or overheating.
Impact loads are normally impossible to
estimate accurately and some metallurgi-
cal factors may nol be known precisely.

GEAR FUNDAMENTALS
For the most highly loaded gears and
shafts, this uncertainty may affect the
final factor of safety in the design calcu-
lations. The gear design standards may
mention certain metallurgical factors to
be considered, but they may not give
precise answers regarding what can be
tolerated. Finally, confusion may exist
between the different standards regard-
ing how they should be applied.

These problems are of major concern

COMING

to smaller gear companies thal cannol

afford an in-house materials engineer
and do not possess in-house heat treat-
ment facilities.
Gear Tooth Loading

Any discussion of the metallurgical
aspects of gear design must begin by
looking at basic gear tooth loading.
Regardless of the gear type, whether
spur, bevel, helical, hypoid or worm, in
highly loaded mechanical gear trains, the
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forces acting on the mating gear teeth
when they engage io transmit power will
produce high surface conlact siresses on
the loaded flanks of the mating teeth and
high bending stresses at or near the root
of those teeth. Differences exist in the
magnitude and depth of the shear stress as
well as in the thrust direction and amount
of sliding that occurs in the different gear
types, but these differences will not be
considered al this point.

No matter what the application; coarse
pitch, fine pitch, externals, internals,
shafts, metal or plastic - we look

GEAR FI.IHDAHEHTALS_

Surface stresses. Surface fatigue is a
frequent cause of gear failure. Although
wear and scoring can be related to poor
lubrication or surface ronghness, pitting

fatigue and subsequent breakage can be |

related o metallurgical factors.

The surface and near surface stress-
es developed between two steel sur-
faces under load have been studied by
the 19th century German engineer
Hertz, who developed formulae to aid

CIRCLE 118
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in rating pitting resistance. However,
these Herizian equations are correct
only for static loads on isotropic homo-
geneous materials. Because of the com-
plex stress patterns existing in modern
gears, where sliding and rolling take
place above and below the pitch line,
more recently developed relationships
are available. However, these too are of
limited value as the effect of lubricants
was not considered (Ref., 4).

Initial wear or “wearing in” may be
normal, and unless cracks develop in
the woth surface, it will generally not
lead to pitting. However, pitting fatigue
is progressive and leads to the destruc-
tion of the tooth profile.

A combination of rolling and sliding
takes place both above and below the
pitch line. The sliding motion plus the
coefficient of friction tends o cause
additional surface and subsurface stress-
es. Compressive stresses are present just
ahead of the contact zone in the direction
of sliding. Just behind this zone, there
are tensile stresses, Beneath the contact

| zone are shear stresses. The depth of the
| point of maximum shear stress is about

one third the width of the contact band.
For any given load, the magnitude of
these stresses is dependent on the length
of the contact band and the action of the
lubricant present.

As already mentioned, gear design

| tables and standards make use of the
strong relationship that exisis between
| indentation hardness, ultimate tensile

strength, the surface stress factor (Sc)
and the bending stress factor (Sb) for
static loads. But as the majority of gears
and shafis fail by fatigue at loads well
below the ultimate tensile strength, then

| soch tables are only useful in determin-

ing the steel's behavior under static
loads. They are of little help in predict-
ing the material’s behavior under cycli-
cal loading. It is at this point that the
influence of residual stresses on fatigue

| must be discussed.

It has been well documented that
processes introducing residual tensile
stresses into the surface of a cyclically
loaded specimen decrease its fatigue life.

! Processes that introduce residual com-

pressive stresses into the surface of a




specimen increase its fatigue life (Ref

3). Because indentation hardness does
not indicate the sign or magnitude of
residual stresses existing at or below the
surface, load tables based on hardness
are of lile help in designing fatigue
resistant, highly loaded gears and shafts.
It has also been well documented that the
presence of surface abnormalities in the
microstructure, or inclusions in the base
material. can initiate fatigue cracks that
eventually lead 1o failure. In addition,
cracks can initiate at the surface of high
hardness gears and shafts if high impact
loads are present. Therefore, in order 1o
know more aboul improving the fatigue
life of gears and shafts, and so be able to
build lighter and cheaper gears and
shafis that give longer service, we must
concentrate on knowing more about:
1. processes that introduce high residual
compressive stresses into the surfaces of
gears and shafits where fatigue failure is
likely,
2. the metallurgical factors controlling
impact toughness,
3. the factors affecting the cleanliness of
the steel.
Residual
High surface contact loads can produce

Compressive Siresses.
unfavorable tensile stresses in the tooth
surface. These stresses eventually pro-
duce cracks that lead to failure of the
surface by pitting and breakage. The
introduction of residual compressive
stresses into the tooth surface opposes
the tensile stresses and prevents the imi-
tiation of fatigue cracks. It is well doc-
umented that manufacturing processes
such as carburizing, carbonitriding,
nitriding. induction hardening and shot
peening
residual compressive stress level at the

considerably increase the

surface of ferrous components. Also,
mechanical and
processes can be used together as in the

thermal, chemical

case of auwtomotive planetary gears
which are carburized, acid treated and
shot peened with hardened steel shot
(This process produces the most fatigue
resistant gears that the author is aware
of.) It is extremely important that all
such processes be precisely controlled
if maximum residual compressive stress

levels are to be consistently achieved

GEAR FUNDAMENTALS

Thermal Processing of
Gears and Shafis

Carburizing. Case hardening processes
have been known to impant high residual
compressive stresses at the surface of a gew
or shafi. It is these beneficial intemal stress-
es that give the gear or shafi the improved
endurance properties that allow the compo-
nents o carry higher loads without failing

Carburizing has been used for many

years 1o case harden gears and shafis 1o

improve wear resistance and load carry-

ing ability. The process has come a long
way from the early years of pack and salt
bath hardening o modern controlled
atmosphere fumaces that use sophisti-
cated gas measuring devices and com-
puters. The process, when correctly car-
ried out, produces very high residual
compressive stresses al the surface and
underlying cased region. This results in

improved surface endurance and wear resis-
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life and impact resistance. The metallurgical
requirements (in the tooth contact zone) to
achieve these benefits can be stated briefly
below as:

I. surface carbon level to achieve the
eutectoid composition for the particular
steel used:

2. absence of excessive retained austen-
ite after quenching:

3. absence of cementite networks (car-
bides) at or near the contact face:

4. absence of sub-surface oxides:

5. absence of intermediate transforma-
tion products. 100% martensite or mix-
tures of martensite and lower bainite
being the aim (no pearlitic or upper
bainitic skins);

6. fine grain size throughout the case.

The above requirements can only be
achieved by precise control over
|. furnace temperature and carbon
potential of the furmace atmosphere at
the desired level:

2. use of the optimum quenchant and
quench conditions (oil type, agitation,
and oil temperature):

3. fine grain steel of the correct harden-
ability to ensure the gear or shafi meets
the requirements for surface hardness,
effective case depth, and core hardness:
4. optimum heat treatment cycle to pro-
duce the required case depth (carbon gra-
dient) and microstructure.

The above requirements become diffi-
cult to achieve if the carburizing furnace
load contains gears or shafts made from |
carburizing steels of different composi-

tion, or the fumace is overloaded 1o the
extent of reducing either gas circulation
or subsequent quench oil circulation. For
example, a plain carbon manganese car-
burizing stee] such as YK1320H will |
require a higher carbon potential than a
high nickel carburizing steel such as |
X3312H. I
Residual surface stresses must now be
considered in relation o the commonly
available gear heal treatment operations.
By far the greatest quantity of highly
stressed gears are carburized. These gears |
are made from low carbon, low alloy '
steels which, in and of themselves, lack
surface durability. However, after raising
the surface carbon of these gears to about
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desirable combination of surface en-
durance, bending endurance and tough-
ness. Extremely precise control of all vari-
ables is required duning carburizing and
subsequent quenching to achieve the high-
est quality, lowest distortion gears.
Whether the gear designer requests
direct quenching or reheat quenching
after carburizing will depend on the
known applications of the gears. Direct
quenching has been used for many

years with automotive gears where |

extremely fine grained, automotive
quality steels are specified. However,
the reheat method for more precise
gears such as turbine gears has been
said to produce better metallurgical
structures and more assurance that the
gears can run satisfactorily for a much
higher number of cycles.

Induction hardening. Induction hard-
ening has long been used to harden plain
carbon automotive axle shafis. Surface
hardening shafts using induction tech-
nigques also develops residual compres-
sive stresses ai the surface and in the
hardened zone (Ref. 7). The exact pattern
of these stresses depends on the process
conditions and the composition of the
material being hardened.

Apart from delaying the initiation of
fatigue cracking in service, these residual
compressive stresses are known to delay
the process of siress commosion cracking.
Gears can also be induction hardened
using different inductors and fixiures,
The method best suited o large gears,
where the profile and root area can be
hardened without embrittling the tip of
the tooth, involves using an inductor
shaped to fit between the teeth. Modern
techniques use dual frequencics in order
to achieve the deeper case depths
required by larger gears. Shafis are
induction hardened using a scanning-type
machine, which progressively moves the
shaft through the inductor, heating and
then quenching a small moving zone. The
depth of the induced currents that heat the
steel shafi or gear are relaled 1o the fre-
quency of the induction hardening unit.
Case depths for small shafis require high-
er frequencies (RF), while larger shafis
require low frequencies (AF).

GEAR FUNDAMENT/A L S

tance, as well as improved bending fatigue ] 0.8-0.9% carbon, they exhibit the most |

Automotive axle shafis are hardened
using motor alternator units with a fre-
guency between 3 and 10 Khz. The result-
ing hardened depth, measured to 40 HRC,
! is approximately 2.5 mm. Smaller solid
stale unils operating at radio frequency
450KHz can harden small shafis within
seconds to a depth of 0.7 mm.

Mechanical Processing

Shot Peening. The amomotive industry
uses dynamometers, driven by either elec-
tric motors or gasoline engines, 1o carmy oul
precise life tests on finished transmission
| assemblies. These tests have proven that
| carburized automotive gears and shafts can
| achieve significantly improved fatigue life
after peening with hardened steel shot, pre-
cisely carried out. The shot peening process
is expensive but has allowed auntomotive
companies 1o upgrade the ratings of auto-
matic and manual transmissions without
the need to make expensive dimensional
changes to their gear trains. The peening
operation induces beneficial residual com-
pressive stresses in the flank and root area
of the teeth under strictly controlled condi-
tions, Compressive stress prevents or limits
failure in gearing due (o fatigue failures at
the fillet and pitting failure at the pitch line,

Rolling. In some applications, work hard-
ening of a component surface by rolling can
| and improve the surface finish, but care must
be taken not o produce fine surface cracks
that may initiate fatigue.

Common Failure Modes of
Gears and Shafis

Fatigue Considerations. In regard 1o
surface stresses, the limiting load for wear
depends upon the surface endurance limits
of the material, which in wm depends on
geometric as well as metallurgical factors.
Surface endurance limit values appear lo
be related consistently to a Brinell hard-
ness number up 10 approximately 400
Brinell hardness (Ref. 2). When the Brinell
hardness is over 400, the sicel does not
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appear to have a definite endurance

limit. Values for the surface endurance |

limit for steels over 400 Brinell are
given in the table above.

The focus up until now has been on
uniform loading, but in reality many gear
systems experience fluctuating loads rang-

ing from moderate 10 heavy shock. The |

sensitivity of the gear or shafi material 10
notches or sharp comers is a major con-

sideration. In addition, most gears and |

shafts fail by fatigue at loads well below
their yield strength. Although Tables 1 and

2 above are comparatively useful to design |
engineers in calculating load carrying |

capacity, they do not impart any informa-
tion about the toughness or impact proper-
ties of the material, nor can they shed any
light on the matenals’ fatigue strength.
The often quoted “rule of thumb™ that the
fatigue strength is about 50% of the yield
strength is probably very conservative.
More information about the metallurgical
factors that influence toughness and
fatigue life is needed so that the engineer

can confidently reduce the weight and |
hence the cost of a drive system. Research
work to date points clearly at factors such |

as steel cleanliness, alloy combinations

present, heat treatment condition, grain |
size and grain flow and the nature of |

micro-constituents present al or near the
surface, Of critical importance is the steel-

making practice and the processing route |
used to make the components. Two steels |

with the same Brinell hardness could vary

dramatically in impact and fatigue proper- |

ties, particularly in the presence of small

stress concentrators such as machine ool |
{ base of the gear teeth in highly stressed
| gears (Ref. 4),

marks or subsurface defects,
Impact Properties
The selection of the correct material
and heat treatment process for steel must
be considered to be a compromise

between strength and ductility. Although |

through hardened gears with a surface
hardness over 400 Brinell can give
excellent wear properties, they may lack

content using instrumented Charpy

| testers. Although the early results indi-

the toughness for many applications. |

Tempering will reduce the hardness and |

wear resistance but will increase the

toughness. The balance between

strength and toughness, developed afier :

gquenching and tempering. is a critical
consideration for the materials engineer,

The only processes where both strength
and wughness increase together are those
involving grain refinement. This is
achieved by making micro-alloy additions
1o steel and thermo mechanical process-
ing. Heat treatment processes involving
the diffusion of carbon, or carbon and
nitrogen combinations, into the surface of
a low or medium carbon steel can result in

the production of wear resistant gears and |

shafts that are also tough. The resulting
high hardness is at the surface of the case
where it can improve wear and fatigue
strength, while the core is softer and more
ductile, giving high toughness properties.
The core, however, must not be too soft as

the case needs adequate support to prevent |

case crushing (Ref. 4).
Importance of Flow Lines

The impact properties of steel cast-
ings, plates, and forgings are not uniform
in all directions, but are related to the
flow line direction. Charpy tests indicate
that the impact strength across the flow
lines can be up to 50% lower than tesis
where the test piece is parallel with the
flow lines. Since any inclusions and
microsegregation will follow these flow
lines, they must not be parallel with the

Importance of Composition
During the eighties, research was
completed on the impact properties of
alloy steels with higher molybdenum

cated that molybdenum steels were
tougher than nickel steels, it was later
shown that cerain combinations of the
two alloys gave the best results. The
instrumented Charpy tests gave the
researchers valuable information re-
garding the initiation of the propagation
of cracking that could not be obtained
otherwise,
Conclusions

Many workers have gencrated a wealth
of metallurgical knowledge and informa-
tion about the surface fatigue resistance
and impact resistance of various materi-
als. There is also considerable information
about the metallurgical factors affecting
those thermal and mechanical processes
used 1o improve the life of highly stressed
gears and shafis. Much of this information
is available for the designer to consider
and apply in order to achieve metallurgi-
cal and geometric quality and meet cus-
tomer demands for precision gears and
shafts al minimum costs.
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A Ductile Iron (ADI)
outperforms steel as demonstrated in these
road test results on hypoid gears:

Hypoid Gears: ADI vs. Steel

Switching from steel

o Austernpered db

Ductile fron (AD]) -
will also add these i
benefits

® Cast o nestrer net
shape and reduced  H0
machining cost

* Lighter weight

* Lower overall cost 5

Applied Process, Inc

is the world leaderin -+~ 1000 2000 3000
austempering. Call R.EM. (road test)

todday or visit our
HAOCERY

wehsite 1o leam how
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S, *Livomin, M1 *Oshkesh, W1 Elizabethiown, KY
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Mitsubishi Machine Tools Opens New Tech Center

MHI Machine Tool U.S.A., Inc., has announced the open-
ing of its new Southeastern Technical Center. Located in
Greensboro, North Carolina, the new Technical Center show-
cases the latest product developments for Mitsubishi’s entire
line of machining centers, turning centers, cylindrical
grinders, gear production machinery, Flexible Manufacturing
Systems (FMS) and more,

The staff at the new Mitsubishi Southeastern Technical
Center will be available 10 answer design and manufacturing
questions and to assist in developing innovative solutions.
The center is located in the Deep River Business Park, 7860
Thomdike Road, Greensboro, North Carolina.

Mahr Promotes Hochwart to President,
Parker to Vice President

Thomas Keidel, Chairman of the Board of Mahr GmbH,
Germany, announced the promotion of Edgar Hochwart 10
President of Mahr's North American operations and Donald
Parker to Vice President. Hochwart, a |13-year Mahr employ-
ec, has been Executive Vice President and General Manager
for North America since November 1997. Parker formerly
served as National Sales Manager.

About the promotions, Hochwart said, “Mr. Parker and |
pledge 10 continue the strengthening of Mahr customer suppon
we began one year ago. In that time we've added more applica-
tions, engineering and other after sales support personnel to our
Cincinnati headguarters. We also opened additional
Measurement Resource Centers in North Carolina and
California, and increased our presence in Mexico and Canada—
all with the goal of delivering exceptional customer service
along with our industry-leading measuremenl products.”

PresMet to Double Production Capacity

The PresMet Corporation has announced the purchase of two
additional buildings to meet current and anticipated production
demands for powder metal parts. The company’s $10 million
invesiment includes the cost of the buildings and the new equip-
ment that will be housed in them. When completed. the new site
will double the company™s manufacturing operations. The new
facilities add 60,000 square feet of production space.

“Work will begin immediately on these facilities and we
expect to be operational by the second quarter of 1999, said
Julia E. Gwinn, President of PresMet. “The ever-expanding
acceptance of powder metallurgy as a viable metal forming
process has increased the demand for the high-performance,
high-tolerance paris we produce. This is especially evident in
the automotive industry where it is anticipated that the use of
metal powder will increase anywhere from 20 o 30 percem
by 2002. PresMet anticipates it will exceed those industry
growth figures for that time frame.”




J0vT Mest Wit ANTTHIG Less

If you wont the best geors money con buy, invest some fime with Presrite. We've
abeady invested millons o buid o worktcoss gear forging plnt. A dedicated focity
equipped with o stote-of-the-art geor lob, high-capocity presses, ond the lotest in

The results are gearmaking capabilities thot are second to none, We hotfarge gears
economically fo neor-nef shapes. Becouse we con mee! such hight tolerances, there's
litthe or no hobbing required. The mharent strength of the forging i mainfaingd while
tostly roughing ond finishing operations con he emingted.

See why customers around the world—in all types of industries—have come fo
rely on Prestite for high-quakity forged gears. Contoct us today for more information
or 0 quote.

Pregrite Corporation
3645 Fast 78ih Stewet, Clevelond, Ofio 44105
Phone: (216) 441-5990 # fax: (218) 4412644

W 're os NEAR as the NET! Vit our Web site af www. prestite.com.
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PRODUCT NEWS

Welcome to our Product News page. Here we feature new products of interest to the gear and gear products markets. To
get more information on these items, please circle the Reader Service Number shown.

New TSK Measuring System
Performs Continuous Radial Scanning
TSK America has
Radiance Radial Measuring System
(RMS), a solution for complex rotary

unveiled its

measuring challenges. The all-new RMS |
permits unrestricted rotary scanning of |
parts such as gears, turbine blades, cones |
and other shapes with reduced cycle |

times and improved accuracy for com-
plex measurements. The measuring

range of the RMS is | m in diameter and |

0.6 m vertically, yet the machine occu-
pies less than 2.5 m® of floorspace.

The Radiance Measuring Sysiem
allows manufacturers to collect informa-
tion quickly and accurately. Linear accu-
racy in the X and Z axes is 2 microns;

the U2 (X and Z axes) is 2.0 + L/500 |
microns. Angular accuracy is 3 arc-sec- |
onds, Acceleration is 1000 mm/s* along
the linear axes (X and Z) and 250 mm/s*

along the Y (round) axis. Measuring
speeds are up to 250 mm/s. “The main
advantage to the Radiance is that for the
first time ever, users can complete a full
radial scan of a nonrotating part without
probe changes or reonientation,” said
Jack Epstein, TSK product manager and

developer of the Radiance concept. For |
more information, contact TSK America |
Advanced Metrology Division at (800) |

247-9875.
Circle 300
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Guyson Introduces New Rotary
Indexing Blast System

| Guyson Corporation announces the

i introduction of the Model RXS-1000 |

indexing spindle-blast machine. This
midsized sysiem is applicable to a wide
variety of impact treatmenl operations
such as shol peening, debuming, cos-
metic finishing, etching and surface

i age is required on components that must

be handled and blasted individually.

Components more through separate
entry, blast and airwash chambers within
the blast cabinet before retuming to the
front loadfunload position. Vertical slid-
ing doors, actuated by pneumatic cylin-
ders, are available to seal the blast enclo-

sure and izolate dust and noise from the

work environment. The overall dimen-

sions of the blast cabinet are approxi- |
. mately 72" high by 55" wide by 80" deep |
. (183 cm x 140 cm x 203 cm). A full |
| depth door with abrasion-protected view

windows on cach side of the cabinet
enables [ull access for inspection, adjust-
ment and maintenance. For more infor-
mation contact John Carson, Guyson
Corp., at (318) 587-T894 or via e-mail at

i jocarson@ guyson.com.

Circle 301

Thomson Industries Introduces the
UltraTRUE Planetary Gearhead
The UltraTRUE Planetary Gearhead

has the highest radial load capacity, up
i 1o 8,500 Ibs., of all the Thomson Micron
planetary gearheads. This ultra-precise
i gearhead was designed for the high
torque performance requirements of ool
changers and plasma and waterjet cut-
| ting equipment. The UltraTRUE has two
| important features: a standard 4-arc-
| minute backlash and crowned helical
i carburized steel gears that are hardened
. to a minimum of HRC 60 and flank-fin-
| ished after heat treating for ultra smooth
i performance. The UltraTRUE provides
i lifetime lubrication and features a self-

S ! i aligning RediMount system that speeds
preparation, in which 360-degree cover-

mounting to virually any motor. For

{ more information, contact Thomson at

[ (516) 467-8000 or send E-mail w0 gear-

Up to 12 component-holding spindles | =
P pe £5p - heads @ thomsonmail.com

| are located around the perimeter of the |
i machine’s 42" diameter indexing table.

Circle 302

New Small Parts Washer from

Cincinnati Industrial Machinery
Cincinnati Indusirial Machinery
introduces its small parts washer with a
unique 360° rotation and separation
design. The washer features a special S-
shaped track to guide round parts from
side o side to ensure complete and
proper cleaning. Parts remain separated
throughout the wash and blow off stages
via slationary slots. The brass drying

| trays prevent the parts from marring,
{ which occurs with other metal trays

For more information, contact Keith
Williams, industrial systems sales man-
ager, at (513) 769-0700 or by fax at
(513) 769-0697,

Circle 303



Alpha Introduces TP Low-Backlash
Planetary Gear Reducer _

Alpha Gear Drives, Inc., has an-
nounced the introduction of the TP Low- |

Backlash Planetary Gear Reducer.

PRODUCT NEWS

Grieve Introduces New
Electric Walk-in Oven

Grieve Corporation announces the |
introduction of its new No. 822 500°F |
| electric walk-in oven. Workspace di- |

mensions inside this unit measure 72"
| wide by 96" deep by 78" high. 60 kW
power is installed in Incoloy sheathes
| tubular heating elements while a 6000

| CFM, 5 HP recirculating blower pro- |

vides a combination airflow, which
sweeps around the workload, traveling
upward to a return duct,

i or, double doors at each end and a |

system that provides unparalleled motor |

shaft thermal expansion compensation.

due to its output flange and optimized

| tors, recirculating blower airflow safety |

This Grieve walk-in oven features an |

aluminumized steel interior and exteri-

The new TP gear reducer features a - removable top-mounted heat chamber.

sininaom backissh of Jess than 1-atc- Operat-ing and safety equipment on

minute, which is the lowest of any gear | ‘i unit includes a digital indicating

reducer currenily available. The unit temperature controller, manual reset

also offers an advanced motor mounting | ©X¢€SS temperature controller with sep- |

arate heating element control contac- |

The TP ensures high-torsional rigidity | SWilch and a fused disconnect switch.

i For more information contact Frank

planetary gear train. This creative design |
Ensures maximum torque transmission, |

audible noise. Because of its superior |

engineering, the Alpha TP is guaranteed

to have the longest service life available |
today. For more infomation call Alpha at |

{847 439-0700.
Circle 304

ShapeGrabber Computer-Aided
Inspection System Released

Vitana Corporation has announced its |

new ShapeGrabber Computer-Aided In-
spection system for Part-to-CAD verifi-
cation and inspection.

The tightly integrated ShapeGrabber |

includes the scanning head, translation
stage, acquisition and inspection soft-
ware, training, and even the PC. The sys-
tem was developed for speed, accuracy,
ease-of-use, and affordability. In particu-
lar, the system introduces new technolo-
gics to simplify fixturing, to streamline
scan alignment, and to reduce noise. For
more information contact Joel Bisson,
president, at (613) 749-4445 or via e-
mail at jﬂf]’.hi'_\'_l.'un@1'!]'!!”&.(‘”!".
Circle 305

Calabrese, national sales manager for
Grieve at (847) 546-8225 or by fax at

. i -2
high efficiency (>95%), and the least | (847)546-9210.

Circle 306

New Digital Readout for Hydraulic

Expansion Arbors i
MyTec GmbH (Germany) has intro- |
| duced a new digital readout system to

Mori Seiki Develops New Lathe

and Machining Center

Mori Seiki introduces the MT-250, a
lathe and machining center combination
that reduces fixturing, increases product
flow and gives grealer accuracy on very
complex work pieces.

“The MT-250 is the new standard in
integrated machining and is the ultimate
machine for parts requiring multiple
processes,” said William Jones, National
Sales Manager for Mori Seiki. *“We have
gone beyond the conventional level of
technology to create a machine that inte-
grates full-scale wming and milling.
Combining the lathe operations and
machining center allows for more accu-
rate work pieces and the elimination of
extra handling in the shop.”

The MT-250 features headstocks on
both the left and right sides, making
setup time shorter and promising high

| precision machining, The spindle de-
| sign features the turning range from -90
| degrees to +90 degrees, making oblique
. machining possible. The MT-250 also
| has an automatic ool changer that car-
ries 20 tools attached 1o the saddle, The
| automatic jaw changer eliminates setup
| hassles when work pieces vary or reguire
multiple machining. For more informa-
tion, contact William Jones at (972) 929-
8321 or by fax at (972) 929-0730.
Circle 308

| monitor and control internal arbor/chuck |

| pressures. Advantages of the new system |
| include better expansion control when |
| working with thin-walled parts and con- |
| firmation of full pressurization. Uniform |
| clamping, especially in gear grinding |

i and advanced aerospace applications, is

{ another benefit. For more information |

| contact Eurotech at (414) TBI-6T77 or

| via e-mail at eurotech @ execpe.com.

Circle 37

{ Send your new product

| releases to:

Gear Technology

1401 Lunt Avenue,

Elk Grove Village, IL 60007
Fax: B47-437-6618.
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ITW HEARTLAND

ITW Heartland, a division of
[linois Tool Works, Inc.. has
locations in Chicago, L, Detroit,
ML, and Alexundria, MM, along
with a worldwide network ol
sales and service offices. ITW has
manufactured and serviced gear
inspection and burnishing equip
memt since 1936, To learn more
abosial Oiir ['||1-\.1|.|\I-\. and services,
visit our Web site

ADVERTISING SECTION

WEBFINDER MART

Companies listed below offer product information and design assistance on the world wide web. Reach them through home pages listed below.

Applied Process is the world
leader in susiempering, a heat-
treating method that produces
steel and iron parts that are
stronger, tougher, lighter, gui-
eler, more wear resistant and
have greater dimensional repeata-
bility than conventionally heat-
treated parts. AP has advanced
this technology for heavier

stampings, forgings and castings

APPLIED PROCESS, IN

BARIT INTERNATIONAL CORPORATIO IAGARA GEAR

From our manufacturing facility
or on-the-shell inventory, we sup
ply top quaulity wols ol compet
tive prices including precision
ground and TiN coated gear &
worm gear hobs; parallel & invo-
lute spline hobs: disc, deep C
bore & shank type shaper cumers;
keyway, round, spline, hexagon,
square & special form broaches;

shaving rolls

LeCoumt expanding mandrels arc
1_||_-1.|!."m'.|,l o gnp the inside diame-
ter of pans to be inspected. Place
your part on the mandrel, load it
beiween centers and you re ready
to inspect. Our mandrels are dis
tributed in Europe, Asin and the
United States. For a brochure or
the name of a representative in
your area, please visit our Web
site for further information

NATIONAL BROACH

Making or finishing gears? Come
visit Mational Broach's home
page for a sample of Red Ring
machines, iools, maining, and ser

vices specially designed 0 meet
every need of the gear industry,
With 70 vears expenence s o sin
gle source supplicr, we can create

the perfect gear solution for you.
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dewils owr precision ground

The MNiagarn Gear

spur, helical and pump gears, All
our gears are manufactured with
the latest gear grinding technolo-
gyv. The web site also provides
information on Miagara CGear's
complete capabilities 10 meet
your most demanding, close 1ol
erance requirements with fast

turnarcund

‘orry Technology Corporation

can satisfy all of your tooth col-
nng :l,‘ql.llll:!m'nt- Imun F‘d‘l"'lqlt\rll:
to production. Services include
straight and helical broaching:
gear, spline and sprocket hobbing;
CNC  Shaping,
Cirinding; aircraft spline cutting in

Hobbing and

exotic materials; CNC inspection
and machiming. Please visit our
Web site for further information.

Bourn & Koch s a manufacturer
of OEM gear hobbers, gear
shapers, specialty gear machines,
dial machining centers, extrusion
milling machines, specialty ma-
chines, twrming centers, machin-
ing centers, grinders, boring
machines and more, Visit their
Web site for more information
about their product lines and ser
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ADVERTISING SECTION

WEBFINDER MART

LEASON PFAUTER HUR

Cileason Piauter Hurth Workd Wide
Sales s the world's most compee
hensive resource o pear rmaniix

turing technologry. We offfer a com
prehensive gear cutting  machine
program for every pear hobbing,
milling and gnnding application
for cylindrical and bevel pears. To
learn more shout our products and
services or o find key comtact
information, see our Web site.

GLEASON PFAUTER HUR

Gleason Plauter Hurth Cutting
Tools is the leading gear cutting
Morh
Amenica. We offer a wide variety

o manulaciurer in

of form-relieving milling cutters,
hobs, shaper cutters, shaving cut
ters and CHN-plated form grind
mg wheels as well as our engl
necring, coaling, heal treating
metallurgical, twol sharpening
and reconditioning services

MAGNETHERMIC CORPORATION THE GEAR INDUSTRY HOME PAGE

Ajax Magnethermic specializes
in the manufacture and service of
mduction heal ireating equip
ment. Ajax has plants and service
centers in the United Stales,
England and Canada; a ponl ven-
ture in Japan, and representatives
all over the world. For more
mformation visit the Ajmx Web

stle

NISSEI CORP. OF AMERICA POWERTRANSMISSION.COM

Do you need quality small gears
with technical suppon™ Are you
imterested tn an on-time supplier
that will manage inveniory 1o your
noods”T Nissed specializes in OEM
quantities and quickly develops
samples. Resources include in-
house pear engincering, heal treal-
ment, inspection and more. Visn
our Web site or call Russell Beach
of (704 517-9876
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Sitar Cutter Co. offers a wide
selection of hobs, lorm-relieved
and multiple-thread milling cut
ters, gundrills and gundrill sharp
ening fixtures, pressure coolant
and PCD reamers, curbidé pre
forms, CBN gnnding wheels and
other cutting tools. We also sup-
ply cutter sharpening machine
tools and Gold Star thin film coat-
INE Services

Visit the Basic
Group's Web site for their line of

Incorporated

WOLF gear machines. Basic
offers 100+ models including
hobbers and shapers, honers
shavers, grinders, cotier grinders,
bevel genermtors, rack shapers,
worm millers, testers and more
WOLF offers mew machines m

extremely affordable prices

See the newly redesigned Gear
Industry Home Page™. We've
expanded our cnline buyers guide
with even more listings of
machinery, catting tools and ser
vice providers. Visit Gear Tech
nology online for subscriptions,
back issuen and current anticles
Explore the world of gear manu
facturing from your deskiop.

Does your company buy pears?
How abowt actuators, bearings,
motors, brakes, controls or sen
sors? The Power Transmission
Home f'i:lg'r‘r“ 15 the mosd CUHTR T
hensive online uyvers guuh: o
T IranAmEssIon "l"““‘l“"lwn[".
with links 1o hundreds of top man
ufacturers and distribitors
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CLASSIFIEDS

SERVICE

« HOB SHARPENING Contour Induction
« SHAVING CUTTER GRINDING Hardening Specialists
Spur, helical and bevel gears
g:i&mﬁm UI::';EEF :1:;1:Iemng Bqui:r:ant
includes 3 NATCO submerged
» CUSTOM HEAT TREAT SERVICE process machines and 4 AJAX

CNC-controlled gear scanning
machines. We can tool to meet
any production need. Call for a
company brochure.

PICK UP AND DELIVERY IN MANY AREAS

Gleason PFAUTER HURTH

CUTTING TOOLS CORPORATION

(Formerly Pfauter-Maag Cutting Tools LP.)
1351 Windsor Road, P0. Box 2950
Loves Park, IL 61132-2950
Phone (B15) B77-8300
Fax (B15) B77-0264

American Metal Treating Company
1043 East 62nd Street
Cleveland, OH 44103

(216) 431-4492
Fax: (216) 431-1508

CIRCLE 149 CIRCLE 148
HOB SHARPENING ALLIED ’#E!Eﬁﬂ L‘DIE;IPAHY
aﬁd‘durm o

SERVICE

C’?-..:f -:'ra-a!‘; t?juv ud’ S;rnffru

Spur and helical gears to 80° 0.0

Bevel gears to 36" 0.0. and 1 '/2 DP.
Internal gears to 36" P.D. and 3 DP.
Worm gears to 48" 0.0. and 2 DP.
Sprockets to 80" 0.0, and 2 /7" pitch.
Spline shafts to 120° long.

Crown shaving to 24" 0.0.

Gear tooth grinding to 24" 0.0.and 2 D.P
Thread grinding to 14" 0.D. and 40" long.
Internal and external cylindrical grinding.

%far

STAR CUTTER COMPANY
IS0-0001 CERTIFIED

= THIN FILM COATINGS

West Branch Industries
Subsidiary of Star Cutter Co

SERVICE

GROUND GEARS

B Precision Ground Spur, Helical and
Pump Gears 1o AGMA Class 15
B The katest grinding technology including
* Reshaver RZI00E
Elactronic Gear Grinders
» Gleason TAG 400 CNC High
Production Gear Grindar
* Cincinnati Milacron CNC
Cylindrical Grinder
B Continuous Process Improvement
Utilizing SPC and Quality Planning
B JIT Dedivery using Innovative

Stocking Programs .
Fax:TI64749003
www P, Jo

email
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GEAR TOOTH

GRINDING SERVICES

*® Cost effective gear tooth grinding
specialists

® Gear manufacturers are our only
customers

* Prototype and production quantities

® Capacityto 27.5° P.0.,35D. P.

* Able to match delivery to your
requirements

®* All service to AGMA standards with
Certified Gear Inspection Equipment

PRO-GEAR COMPANY, INC

23 Dick Road Depew, NY 14043
Phone (716) 684-3811
Fax (716) 684-7717
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2083 W. M-55, West Branch, MI 48661 Call for our brochure
1-888-Resharp » 1-888-737-4277 Phone 773-287-8742 » Fax 773-287-4720
Phone: (517) 345-2865 « FAX: (517) 345-5650 Chicago, IL
CIRCLE 154 CIRCLE 147

Rates—Line Classified: 1" minimum, $285. Additional lines $35 per line (8 lines
per inch). Display Classified: 3" minimum: 1X—3$650, 3X—5605, 6X—3570.
Additional per inch: 1X—58220, 3X—5%210, 6X—S8$200. Gear Technology will set
type to advertiser’'s layoutl or design a classified ad at no extra charge. Payment:
Full payment must accompany classified ads. Send check drawn in U.S. funds on a
L.5. bank or VisaMasterCard/American Express number and expiration date io
Gear Technology, P.O. Box 1426, Elk Grove Village, IL 60009. Apency
Commission: No agency commission on classified ads. Materials Deadline: Ads
must be received by the 20th of the month, two months prior to publication
Acceptance: Publisher reserves the right to accept or reject classified advertise-
ments at his discretion.

B2 GEAR TECHHOLOGY

GEAR TOOTH
GRINDING SERVICES

Spur - Helical - Double Helical

Capacity up to 605" 0.0, 1 D.P, 29
Stroke. All ground gears certified up to
AGMA Class 14+ on Zeiss-Hofler 1602
CMM. Inventory of grinders includes
Hofler 800, Hofler 1000, Hofler 1253
Supra, Hofler 1500 and Hofler Nova
CNC 1000 (Fully CNC with on-board
CMM checker),

Kreiter Geartech
2530 Garrow St., Houston, TX 77003
Phone: 713-237-9793 Fax: 713-237-1209
Contact: Mr. Willie Whittington
Visit our Website at
wwwkreiter-geartech.com
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Unite-A-Matic

TRUE DIMENSION GEAR INSPECTION

Provides actual over
ball /pin measurment
of any hehical or spur
gear or spline withoul
the need of costly

seLling masters.

Provides vital 5.P.C

information.

CAPACITY:
Gage Division 9" 0.D.

- 8" LD.
United Tool Supply
851 OHIO PIKE » CINCINNATI, OHIO 45245 = (513) 752-6000 = FAX (513) 752-5599
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CcToRER 24-27, 1909
HASHYILLE CONVENTION CERTER

HASHYILLE. TENNESSEE
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ADDENDUM

The Gallery of Fame:
A Tribute to Gear Pioneers

he Gear Research Laboratory of
the University of Illinois at Chi-
cago is home to a unique tribute
to gear pioneers from around the
world, the Gallery of Fame. The gallery
is the brainchild of the laboratory direc-
tor, Professor Faydor L. Livin. The
Gallery was begun in 1994 and is a pho-
tographic tribute 1o those gear company
founders, inventors and researchers who
devoted their careers 1o the study and
development of gears.

According to Prof. Litvin, “this col-
lection is wnique because retrieving
items and information for the gallery
was a difficult task. Time had destroyed

documents and memories of the many |
contributors who were deceased, requir- |
ing much detective work.” He created |

the gallery to give these innovative peo-
ple the credit they deserve for their valu-
able contributions. “'1 consider creativity
a driving force in human life,” said
Litvin. “I also consider Fame a very

capricious goddess who doesn’t reward |
in a proper time, or doesn't reward at all, |

people who deserve "

One example of the difficult detec-
tive work involved was the case of |
Samuel 1. Cone, founder of the Cone
Drive Company and the inventor of the |
| Nikolai I. Kolchin (1894-1975), Dr.

double enveloping worm gear drive.

When Litvin approached Cone Drive |

Operations, Inc. (now a division of |

Textron) for a picture and biography, he

was given the latter but told that the for- |
mer was missing and that the company |
would be obliged if he could find one.
Litvin discovered a reference in Cone's
biographical materials to work at the

Norfolk Navy Yards, the place where he
invented his double enveloping worm
gear drive in 1909, Litvin then contact-
ed the Secretary of the Navy, and with
his belp Litvin was able to find Cone's
living relatives, He was given the photo-
graph of Samuel I. Cone by Cone's
granddaughter, Mrs. Mary Bell Kluge.

The Gallery of Fame is dedicated to | |
all gear scientists, not just those from
the West. Litvin also pays tribute to |
those who worked in the Soviet Union. |

To sum up his feelings about the old
Soviet communist system, Litvin quot- |

ed Bertolt Brecht's couplet about life in |

East Germany: “To the Descendants. |

live in dark times indeed!™ Litvin's ad-

miration for Russian and Soviet gear |
scientists is every bil as deep as his dis- |
gust over the communism they were
. forced to live and work under. They are

well represented in the Gallery by Dr.
Chaim 1. Gochman (1851-1916), the
founder of the analytical theory of gear-
ing, Dr. Chrisanf F. Ketov (1887-1948),

Mikhail L. Novikov (1915-1957), Dr.

Viadimir N. Kudriavisev (1910-1996) |

“Could ke call you beck?
He was shor down in flames at the directors’
meeting and he s meditaning.”

GEAR TECHNOLOGY

and Dr. Lev V. Korostelev (1923-1978),
who Litvin crediis as the developer of
the theory of gearing in Russia. “Dr.
Korosteley belonged to the second gen-
eration of scientists who developed the
theory of gearing in Russia,” said Litvin,

The Gear Research Laboratory per-
forms its research in cooperation with
serospace and industrial giants like Ford,
Bell Helicopter, Sikorsky, The Gleason
Works and U.S. Governmenl agencies
such as NASA and the U.S. Army. The
Gallery of Fame, the faces of the great
men—and a couple of great women—
from the world of gearing, looks down

i wpon Litvin and his researchers as they

meel 1o discuss their work and theories.
As for adding new names and photos 10
the Gallery in the future, Litvin says:
*The space is not closed. We can always
start the second row.” Only time will tell
who'll be next. ©
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INTRODUCING THE AN
REVOLUTIONARY NEW N\ T

GP SERIES s

Get o head start on the new millennivm.

The gear-making machines of the next century “common platform” and use standard modules
will be built much faster and more to greatly simplify the traditional processes of
economically, for quick delivery and faster ROl.  machine design, assembly, and maintenance.
Hobbers, shapers and grinders alike will share They're designed to take advantage of the latest
common components and readily available spare ool technologies available — wet or dry. It's
parts to greatly simplify maintenance and reduce  what the gear-making industries around the
costly downtime. world have been waiting for

Luckily you won't have to wait until then to 50 get a head start on the 21st Century. For
buy one. more information on the remarkable new

Introducing the GP Series: a new line of gear GP Series, contact:

hobbers, shapers and grinders that share a

Gleason PFAUTER HURTH

WORLDWIDE SALES
135) Windsor R, Lores Parke IL 61111
Phone: BISETT-B00 Fax: R15282-3075
Web sile: www plmsercom E-Maik sales @ plaster com
The (lesmon Works, 1000 University Ave., Rochester, NY 186071 252
Phone: T16473-1000 Fax: TI6MG6]-4348
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