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Our S 400 GT Gear Grinding Machine
is flexible and easy to use. It allows
you 10 employ or even combine
different grinding technologies like
profile grinding, continuous generaling
grinding, shave grinding (external
honing) 10 find the most efficient way
to grind your gear, worm or rotor.

the S 400 GT allows for the adaptation
of the latest tool developments -
which probably makes it loday's most
versatile grinding machine.

Contact us for the latest in
grinding technology.

In addition, we provide you with CBN
and electroplated grinding wheels and
worms based on our long experience
as a developer of grinding technology.
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all bevel gears in the PTO & AGB for
Pratt & Whitney's PW 6000 engine.

2301 CuItiss SlnHrt • Downers Grove, L 60515
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www.arrowgear.com

Ultra Precise Hobs USS L .
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17·17 Roule 208 North, Fai' lawn, Ne•• ,ersey 07410
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diameter of 4500 mm. Over 1,000
installations of this machine con-
cept testify to Its acceptance.
Couple all this with over 50 years
of experience and support, and
your choice for gear hobbing has
to be Liebherr.
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With thi is ue, we're proud to pre ent our latest mile lone.

The Gear Technology Buyers Guide 2003 on D-ROM-a com-
pr hen ive nap hot of nearly 400 of the indu try's uppliers-
i the be t directory of the gear indu try available.

Put the CD-ROM in your computer and try it out. Organized
by product and ervice heading like the Yellow Page ®, it'
easy to u e. Gear manufacturers will find the suppliers of
machine tools, cutting tool , inspection equipment and every
other product and ervice needed to proce s, manufacture and
te t gear and gear-related products. Gear buyer will find the
companie that manufacture gears and gear drive, organized by
type, ize, quality and other pecification . We're confident that
you' U u e thi re ource time and time again.

But the Gear Technology Buyers Guide 2003 i more than ju t
a milestone. It' also a stepping tone. It' a product that bridges th
gap between the printed directorie we used 10 produce and the
comprehensive, dynamic directori we're building at The Gear
Industry Home PageTh1 and powenransmission.com'». Tho
web ite are increasingly becoming the way people look for infor-
mation on the gear indu try.

The trength of the websites i that they're able to provide much
more than a napshol of the industry. Instead, what they offer is a
full-motion, constantly updated multidimen ional universe of activ-
ity,which you can tap into just by logging on. The potential amount
of inti nnation that can be put and found online is infinite.

On any given day, as many 2,000 use log on to The Gear
Industry Home Page™ and powertransmission.comv», and we
deliver an average of 7,000 pag of information--every day!
People who come to our ite aren't just vi iting, either. They're
finding what they need and clicking through to the web ite of our
advertisers-at the rate of about 18,000 click-thru per month.

The Gear Industry Home Page {, which i located at
ww) igeartechnology.com, is the place to find all the major manu-
facturers and suppliers of gear machine tool , in pection equip-
ment and cutting tool, well provid rs of a wide variety of
ervice, uch as heat treating and consulting. It's al 0 where

you'll find information on Gear Technology magazine, industry
news, technical events, and hyperlinks to the world of gearing.

powertransmi sion.com" is de igned for buyers of gears,
bearing ,motor and other power Iran mis ion componen .
More than a hundred manufacturer are li ted by the type of
component they make.

Both web ite are extremely intuitive and easy to navigate.
They allow keyword earcbes, and they include types of infor-
mation not available in any other format. Some of the companies
have complete brochure and even video clip on our web ite .

In addition, you can u e hyper link to vi it the web ite of hun-
dred of companies. You can ea i1y reque t a quotation from
one company or a dozen companies, all at one time.

If you haven't vi ited ur websites lately,do so today! B kmark
each of them because I'm sure you'll want to come back.

The websites and the Gear Technology Buyers Guide 2003 on
CD-ROM are perfect complements for each other. If one re.ouree
d n't have the information you need, chances are, th other on
does. Between the two websites and the D-ROM there's no need
to look anywhere else for gear indu try uppliers.

We've chosen to produce a CD-ROM buyer guide rath r
than a printed buyer guide becau e the information we're able
to provide in a primed guide is limited, and we're eeing how
effective the new media are. The amount of informati n we'r
able to provide and the ea e of u e and the acce sibility of our
electronic directories-both the CD-ROM and the web ites-
far urpa anything that could be done in print.

Other publishing cornpanie have al 0 produ ed direct rie ,
orne of tho e directories

even purport to cover the
gear indu try. But none of
them are nearly a com-
plete as what we offer.

At Gear Technology,
we're gear people. Thi i
the only magazine we pub-
lish, the only indu try we
cover. or more than 19
year , Gear Technology ha
brought you the be t gear
indu try information available-technical and educational arti-
cle , new', product information and indu try vents. We' e
done 0 through our printed magazine UI website and our
buyer guide. And we'll continu to do like no ne el
can.
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Gear Coating Raises Scuffing
Resistance to Raise Torque

Capacity
A gear manufacturer has an order for

1,000 pur pinion for use in mall plane-
tary reducers, but hi customer mean to
use them with marginal lubrication and at a
pitch-line elocity and torque that are 0

high they will cause scuffing and prema-
ture failure.

AI 0, the cu tomer want a ingle
lubricant of one vi co ity for thi and
other lower peed reducer in his
machine, and he doe n't want the manu-
facturer to add anti cuffing agents to the
oil becau e of concern about damaging
other parts.

Faced with thi problem, the manu-
facturer could do one of three thing . He
could cu e hi cu tomer' unrea onable
demand -privately, then try publicly to
explain to him the phy ieal limit of hi
imagined gear. He could rede ign the
pinions planets and rings to make hi
customer' reducer' perform at their
pecified peed and under their expected

condition.
Or, he could rai e the gears' cuffing

re istance-and con equently their
torque capacity-by coating them with
an amorphou hydrocarbon-ba ed matrix

embedded with metal-containing nan-
ocry tallite .

The third option i what The Timken
Co. of Canton, OH, i offering to gear
manufacturer. Applied by PVD, the
coating is called ES200.

In lab te t , the coating increa ed a
gear's cuffing torque. Scuffing torque i
the torque at which cuffing appear at a
particuLar pitch-line velocity with a par-
ticular lubricant. Con equently, ES200
ignificantly increased a gear' torque

capacity, letting it operate at combina-
tions of pitch-line velocities and torque
that otherwise would cause cuffing.

The test were conducted by D ign
nit, a technical consulting busine

Located at the Univer ity of Newcastle
upon Tyne, in England. De ign Unit te t-
ed 31 pair of helical gears from Timken
for cuffing re i tance. The gear includ-
ed ground gear; uperfini hed gear;
and uperfini hed, coated gear .

According to the te ts, a gear set con-
i ting of a ground gear and a superfin-

i hed gear coated with S200 had a
cuffing torque 42% greater than a gear
et con i ting of two superfinished gear ,

and 70% greater than a gear et consi t-
ing of two ground gear .

The increase could be even greater
than 70% among nonground gears, ay
Ken Krurnmrich, director of Timken'
Engineered Surfaces Business.

Scuffing can limit the torque capacity
of pur, helical, bevel, hypoid and worm
gear . But, scuffing is mo t likely to
occur in gears operating at very high
pitch-line velocities with high liding
velocitie, ay Carl Ribaudo, technical
leader of gear-application development
and testing in Timkeri' Engineered
Surface Bu ine .

£S200 is available for all gears,

including internal and external spur
internal and extemal helical, ingle- and
double-enveloping worm, bevel and
hypoids. The coating i meant for indu '-
trial application, uch as speed reducer
and planetary gear ets.

Be ide cuffing re i ranee, Timk.en
te ted ES200' effect on gears' pitting
resi tance. According to th se initial
te ts, the coatingincrea ed pitting resi l-

ance 0 a gear' torque capacity ould be
increased 33% or it pitting life extend-
ed by about 10 time, given operation at
a can tant torque.

A uming a tandard gear steel, th
coating i applied without affecting gear
dimen ions or micro tructure and with-
out causing gear di tortion. The coating
i about 2 ~m (80 uin.) thick and i
applied at temperature less than 150aC
(300°F).

The coating it elf i appl ied by
Timken a a ervice through it
Engineered Surface Bu ine .. It
receive cu torners' gear and coats them
via batch proceing with spe ialized
phy ical-vapor-depo ition equipment.

AI 0, Timken can increa e a gear er'
torque capacity with ES200 applied to
only one gear per me h. Thu , a cu -
tomer with gear et of two gear each
has Timken apply it coating to only one
gear from each et. In De ign Unit'
tests, the coating didn't cau e in rea ed
abra ion on adjoining non oated g ars.

Be ide prototypes for lab lest,
Timken has created prototype f r eu -
tamer to field te t in application and
coated gear in low-volume pr duction
for customer as tep in proving 200
to those people.

ES200' hardne can be difficult to
compare with a gear' hardne beeau e
the thin coating can't be mea ured with
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conventional hardne s scale, like Rock-
well and Brinell, Still, Ribaudo ay the
coaling i about 40% harder than a car-
burized teel based on nanohardne s
measurement.

Other companies, uch a. Balzer
Inc., make coating for gear. Compar-
ing tho e coating' effect on gear per-
formance with ES200's effect can be
difficult, though. he effect may be

covered by confidentiality agreement
between the companie and their gear
customer'. Or customer may be unwill-
ing to reveal how their gears are affected
by their coating .

A with other coating, ES200 can let
gear manufacturer develop a higher-
duty product line or increa e life rating.

That ability could be the be t option
to the gear manufacturer trying to create

E PUR
CORPORATION

ISO 9002 CERTIFIED

586 Hilliard Street P.O.Box 1898, Manchester, ct 06045-1898 U.S.A.
Telephone: 860 OOסס-649 • Fax: 860 645-6293

Home Page: http://www.purdytransmissions.com
E-Mail: sales@Purdytransmissions.com

01!lll8 THE PURDY COAPORATlON

J ,000 spur pimons that meet his cus-
tomers' needs.

As Krummrich ays, the manufactur-
er could have Timken apply 5200 to
the pinion for le s than the co t to
rede ign the reducer . Al 0, coating
could be done in Ie time than redesign-
ing. 1'0 a coating that makes the
reducers work has to be beuer for the
manufacturer than private cur ing of and
attempted explanation to hi cu tomer.

CMM Gear Checking
Software

Anyone who ordered coordinate
mea uring machinery from Gidding &
Lewi. L.L. . in the last few months
found a free surpri e in hi package-an
upgraded gear checker.

Sheffield CMM Mea ureMax+
ver ion 6.4 oftware can inspect pur
and helical gear, both internal and
external. Additionally, it can perform
calibration lead, profile, spacing/runout
and topography checks, set reference
frame' and output plot on all Giddings
& wi CMM.

he gear checking capacity in
Mea ureMax+ is not as robust a a dedi-
cated gear inspection y tern, uch a
those old by Glea on Mahr,
Klingelnberg GmbH or M&M Preci ion
Sy tern orp. Tho e y tern typically
can al 0 inspect worms, bevel ,h band

ther parts.
However, it may be an inexpensive

way for ome shops to inspect gear '-
especially those who e gear manufactur-
ing i only in malJ quantities or occa-
sional.

The package, which consists of a
computer-controlled, articulating probe
head and probe, the software and the
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, CO t 53,000. Thi c t i for the
basic and smalle t machine package.

n ther key dif eren between thi
and d dicated g ar che kers i that the
new ftware can al 0 mea ure a variety
of non-gear feature, according to Joe
Zink, manager of oflware development
for Gidding & wis of Fond du Lac,
WI.

"With a dedicated gear he ker, y u
can only measure dedicated gear param-
eters. With MeasureMax+, if a gear i on
a haft and you ant to look at cylindric-
ity, it i. po ible.' Zink ays. "You can
look at all kind. of geometric feature ."

he ea ure ax+ gear che king
procedure i relatively simple, To begin
the pr ce the operator input the gear
param te from a electable toolbar, he
instrument mea ure lead, profile topog-
raphy and tooth pacing in a gear by
u ing a tou h probe to collect data
points. Point are collected along one
face of the tooth. and the paramete are
computerized. Studie can be tart d.
interrupted. an elled or re umed any
number of time .

The oftwarc wa de igned to make
life a little easier for machine hop
well. Bill Fetter, CMM marketing man-
ager at Gidding & Lewis. noted that an
advant ge of the y tern is that it can
make u e of e isting equipment at
rnachin hop.

.. or e ample, a h p ill want to
che k different component of it inven-
tory," he ay, "they can use our equip-
ment to check rna hine covers and hou -
ings as well a. gear .. n

Ith ugh the Mea ureMax+ oftwar
can be a good s lution f r me hop.,
it' not intended f r everyone. There are
till advantage, to traditional gear

in pe ti n tern.
Glea on Mahr ell checkers to ge r

manufacturers, but doe n't deal 0 much
with geometric mea. urement. It in pee-
tion equipment generate an in clute
profile from the ba e circle, the arne
prin ipl that' u ed in manufacturing,
By orurast. ay Bruce W. owley,
Glea 'on produ t manager, CMM gear

REVOLUTIONS

in pection equipment mu t add rotary
axe to correlate with a generative gear
te ter.

MM won't handle every j b,
Cowley says. 'They're good for pri mat-
ic in pection. BUI for making mea ure-
ment for a generative purpo e, there are
till correlation i ue a ociated with

that type of equipment. '
Prj marie inspection involve check-

ing facto like point circle. line' and
features that aren't cant ured,

SPUNEROWNGRACKS
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& Produ~tion
Rolling

2 PRECISION
MACHINE
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• Patellled Motorized.
Boring, Milling,
Grinding & Cluster
Repair or Design &
Build

Knowing pecifically what th oft-
ware can ch ck goes a I ng way in l-
ing thi very complicat d pUI ha ing
d ci ion for buyers of g ar h kers,
Gear hecking oftware from M M
Precision ysterns, for example. can
check for thing that th U er d n't
have print for and can generate param -
ters from which to manufacture new
part, ace rding to &M Precision's
sales department.

3BROACH
TOOLS

• Helical. Spirt ••
LarDa Involutes.
Aal. ConcaVi &
Spacill forms

• Patented C.H.C.
M,nuflctured lor
Consistancy

BROACHING
MACHINES

• C.H.e.
HalicallTabla Up,
Pull Down.
Surlaca and
Horizontal

• Compllte Turnk y
Setups

Colonial Tool Group Inc. has been a leader in the machine tool
industry for over 60 years. Our reputation can only be maintained
by the manufacturing of all our products in-house, including 8
complete heat treat facility. Let us tackle your tooling needs or
process problems from our previous experience, balanced with
today's ingenuity.

With exchange rates, your U.S, dollars buy more in Canada.

COLON AL TOOL GROUP NC.
1691 Walker Road, Windsor, Ontario, Canada N8W 3P1

519-253-2461 • FAX 519-253-5911 • www.colonialtool.com
In the U.S.A. 313-965-8680
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AGMA to Introduce New
Quality Rating System

AG A j preparing 10 release a new
cylindrical gear a curacy tolerance rat-
ing tandard, to r plac G 2
A88. he [I w tandard wa di cu ed at
the GM Gear Industry Regional
Meeting, held in Augu t in R emont,
lL.

AGMA 2015-I-AOI is a c mplete
revi i n of the old tandard, a c rding 10

Edward Lawson, chairman of the
AGM Inspection and Handbo k
Committee and director of metrol gy for
M&M Preci ion System orp. He ga e
a pre entation on the new tandard at the
meeting.

rs f GMA2015-I-AOI ill ha e
to adjust t quality grades thai are the

Precision ade - Co t Effective
One tatement untb Tuo Objectit es

Dragon Precision Tools from Korea.
oticeable Different. Clearly uperior.

011
DRAGON PRECISION TOOLS CO., LTD.

Represented clusi ely in the by:

oppo ite of what they may be used to. The
n w landard' tol rancing yst m i
based n I a 1328-1. Lik that tandard
and th w rld's oth r maj r gear tan-
dards, MA 2015-1- 01 will use I wer-
numbered grad . to repres ent the smallest
t leran es, while the higher-numbered
grade will repre ent the large t toler-
anc. hi h t qualit g ill be
grade 2 under the new standard,

To di tingui. h bet een gears rated
ace rding to the new tandard and tho e
rated a rding to th old tandard. a
new quality prefix h been introduced
with A 201 -1- OI.Th ne . tan-
dard require. the letter" ,. herea. the
old standard required the letter "Q," 0,

a quality grade of 7 under th n y -
tem w uld be e pre ed a " 7" in tead
or "Q7.'

In addition I the n numbering s s-
tem. A 201- -1- 0 I ill include
ne method f r analyzing profile and
I th alignment. In tead f the K-band
system of charting pr file deviati ns, the
n w standard incorporat s a "lin fit"
method. which i imilar t th m thod
in luded in oth r gear tandard ar und
the w rid. Th ne standard will als
include inf rmation n instrument eri-
ficati n master gears, compo ite testing
and measurement proce calibrati n.

Other rna] r change fr mAMA
2000- 8 include tighter I th align-
m 01 (lead t I ran and the introduc-
ti n of I lerances for t tal index (cumu-
lative pitch) variati n.

G A 2015- [-ADlie pcctcd t be
relea ed toward the end f 2002.

dditi nal inf rmation i available from
GMA by calling (70 ) 6 4-02 [1.0

T'll Us Whl' Vou Think ...
VIIit www.~.ccrmto
• I1118I11i1
• Request••• -..noa
• C4lIlIIcIdII 1MIlIi0lld

• MIlt •• II"'"
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Cutting Hardened Gears
Dennis Gimpert

Introduction
The need for improved power tran mi ion

that use gear and gearboxe with mailer overall
dimen ion and with lower n i e generation ha
left manufacturing engineer earching for differ-
ent method of gear proce ing. This earch has
led to the requirement of hardened gear .

During the heat-treatment process, change in
the tructure of the material and modifications of .
the tension pre ent in the e hardened gear will
normally cau e unacceptable di tortion. The mo t
frequent di tortion error that occur will be in the
lead, involute and pitch. The e errors will cau e
the active tooth profile to me h inaccurately dur-
ing operation, increasing load and generally cau -
ing unacceptable gear noi e. For the e reason, I

hardened gear. normally require an additional
finishing operation after heal treatment.

We can di tinguish between two different
type of hard gear fini hing operation : one with
an undefined cutting edge, uch a gear grinding
and the econd with a defined cutting edge, uch
as hard hobbing.

Thi paper will foeu on the defined edge
proce of hard hobbing u ing carbide tools.
Current carbide material . tool coating and gear

Table 1-Several Carbide Grades for Gear Cutting Tools.

ISO grade C coda Grain size. Bending Compressive Hardness. ISO application Gear application
approx, ~m stress. &tress. HVJO

imala NlmrnZ N/mrnZ

K30-.40 C·l medium. 2 3.000 5.000 1.300 metal forming rolling

Kl0-20 C·2 & C·3 fine, I 2,300 5.400 1,700 universal standard cutting

K1D-15 C-3 extra fine. < 1 2,500 6,000 1,720 micrograin skiving

K15-30 C·l ultrafine. < 0.5 3,000 6.000 1.620 high performance dry cutting

P20·30 C·5 & C·6 medium, 4 2,200 5.300 1.560 high lemperallJre dry cutting

Plasma

Vacuum pump ---

Tool holder

Molten tite nium

Neutral gas Reactive ges

Electronic beam gun

Tool holders & tools

Eveporated
titanium

Vacuum chamber

+

Figure l-s--Titanium nitride coating
Inc. of Tonawanda, NY.

Tool Coating

hobbing machine technology have all led to sig-
nificant improvement in hard hobbing. hi i
e pecially true in the fine- to medium-pitch gear
range, i.e. 12 DP and finer. The primary advantage
of carbide bobs, with proper coating. is the ability
to with land the e treme force that occur during
hard cutting.

arbide Hob
Advance in carbide hob have been In the

material grade. Ultrafine, fine, medium and large
grained carbide are all a ailable today. In addi-
tion, technical advan e in the pr e of forming
the carbide hob blank have oc urred, uch a in
the hot isostatic pressing (HIP) process. Thi
proce provide an additional "coining" of the
carbide blank under extreme pre 'sure and temper-
ature to increase tbe internal adhe ion and to pro-
mote the deflection strength of the carbide grains.
According to ISO, olid carbide material can be
broken down into e eral application group .
Gear cutting tool are divided into the "K" and
"P" group'. The "K" group provide higher resis-
tance to abra ion. The "P" group provides higher
re i tance to temperature. Table I how cham-
teri tic of four "K" grade and one "P' grade.

Each grade in Table I is different due to the
grain tructure, which range from medium to
ultrafine. Each grade has it application, which
are as oeiated with the grain tructure. 0 gener-
alize, current re ul have hown that the "K"
grade perform better than 'P" grade for oft
hobbing. The K" grade al 0 can have a micro-
grain tructure (grain ize < 0.5 urn) which i not
po ible with the "P" grade . AI 0, the "K" grade
have hown a longer life under abra ive condi-
tion. due to their toughne s.

oatings
For nearly 30 year, variou companies ha e

offered coating for cutting too] 10 improve their
performance and life. This proce began with a
ingle-layer T' (titanium nitride) coating and

now include everal other advanced performan e
coatings. A quick review of the ba ic coating
process will be informative.

ools are fir t physically and chemically
cleaned and then placed on a fixture that will
become [he cathode f a high voltage circuit in a
vacuum chamber. The chamber i evacuated and
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charged with the inert ga argon. The arg n gas i
u ed to further clean the tool urface u ing a
proce called putter cleaning, in which the
argon gas i n are propelled by a high voltage
field to bl t the tool.

An eJ ctronic beam, or high voltage arc, i
next used to heat a pure titanium ing t until it
evaporate . At thi time, nitrogen gas i intro-
duced into the vacuum chamber and the titanium
ion are electrically accelerated toward. the tool .

ee Figure I. The titanium ion bombardment
c mbine ith the nitrogen g to form the coat-
ing of titanium nitride, iN. Thi c ating i
allowed to plate the tool to a thickne between
I \lID and 4 \-lID, 0.00004" nd 0.000 16". A tight
bond i established between the Ti and the tool
that will n t crack or delaminate due to any phy.-
leal distortion of the tool during u e.

Thi proce i called phy ical vapor depo i-
tion, PVD. and operate at a temperature in the
900"F range. Thi temperature i much Ie. than
the tempering temperature of high speed teels.
Thus, the tool will not be oftened, which would
require them to be rehard ned with re ulring di -
t rtion of the original t I geometry. nether
important advantage of the PVD proce i that
dge embrittlement of oLidcarbide I I i mini-

mized. Thi ultrathin P D coating aI a help for chlorine and ulfur should be utilized ben
maintain a harp cutting edge, which i e ential sharpening carbide hobs. For ki ing h b ,
for extended tool life. recoating after sharpening is not as essential as it

Another pr e devcl ped at th arne time as is for h bs used when hard hobbing from the
PVD wa th chemical-vapor-depo iti n ( D) solid. As a side note for carbide hobs, edge prepa-
proces . Thi proces. hr the di ad antage of ration (removal of grinding burrs) aft r sharpen-
operating in the 1,75 1,950"F range. At thi ing-but prior t recoating-is rec mmended.
temperature. tool teel will be oftened. The re harpening of the hob will remove the

in additi n to Ti ,there are everaJ ther coat- riginal coaling n th CUllingfa e. Thi r m val
ing a ailable under different marketing name will in tum reduce the life of the tool r, in th
that use the PVD proce . ne i TiC .fitanium ca. e of hard h bbing, make the pr cess uneco-
carbonitride, and a econd i TiAI .titanium alu- nornical. It is p ssible t rec at the t I and thi
minum nitride. Table 2 pre ents characteri tic of can normally be d ne -4 times with th Ti Dennis Gimpert
the e three type of coating. proce . With Ti and I I . the coating. are i pre /(/11I of Koepfer

Am ri a LL . of 011111
There are al 0 multilayer hybrid c ating that difficult to apply aero, the cutting edge du t Elgin, IL Kuepfer manufoc-

offer advantage ba ed upon pecific applica- the nigh int mal ten ion of the coating itself, IU/'!! hob ami /robbinR

tion . After everal ating of i . an une en buildup ilia 11;',(' and other gar-
harpenlng and Reconditioning of the Hob will occur and a delaminating tendency will related equipm III (I III

North American operation af
After a certain number of workpiece are pro- develop a the coating layer mu t b r moved Jos. Koepfer &: Solllle GmbH

duced, the tool will bee me dull and mu t be ( ee Figure 2 . of Furtwangen, Gl'mllllly.

re harpened. It i ab lutely critical t harpen There are currentl tw methods available 10 Also, Ill' is on th boom of
directors of the Am rt a/Ihobbing tool. correctly. The original geometry of remove the tool coating. chemical and physical Gear Manufucturers

the cutter must be maintained and the cutting stripping. hemical tripping f the coaling layer ssociauon. In 1974. lu:

edge of th tool mu t be sharpened with a fin on carbide tools is a sensitive proces and must be started in the gear illdll\ll)'

edge. The t ) metallurgy rnu t not be damaged d ne with a degree of skill. Excessi e hernical a (/II upplicution engineer
for bobbing and gear- hap-

due to excessive heat during grinding. For thi . tripping will not only remove the eating, but i"l1 equipm TIl "'ir/l Barber.

reason, an il-ba ed c lant that i ina tive both will leach the cobalt binders and degrade the Colman Co.
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Table 2-Cha/acteristic! of Three Coating Types.

liN liCN 1iAIN

Microhardness lHV 0.051 2.300 3.000 3,000

Coefficient 01 friction 0.4 0.4 04

Maximum temperature 600°C 400°C 8OO·C

Thermosetting resistance ++. + +++

Thermal msulalJOn ++ + +++

Color of coaling Gold Blue gray Purple grav

"Plus signs indicate general heat resrstance of the coaling, with more plus signs indIcating more resistance.



extremely rigid both dynamically and thermally.
Some current design characteri tic f modern
h bbing machine include:
• ompo ite epoxy bed for impro ed tatic and
dynamic condition ,
• High-speed hobhead with temperature tabiliza-
tion,
• High- peed work pindle,
• The ability to u e both wet and dry h bbing tech-
nique,
• Digital drive with optically coupled Circuits,
• Linear guideway y tern
• High-speed automatic loading, i.e, 2-3 econds,
• Compact footprint,
• Ergonomic de ign for perator, and
• Ease of maintenance.

History of kiving
Although kiving has been utilized in the

United State for more than 30 year. it ha only
recently become practical to u e an involute gear
generating hob for kiving fine- and medium-
pitch gear. The first of the technical develop-
ment wa from the zurni Mfg. Co. Ltd. of
Japan, which received nited State Patent

umber 3,786719, i ued Jan. 22, 1974. Thi
patent covered several areas, but of c mmercial
importance, we quote from the patent:

"Further bject of the present invention is to
provide a hobbing cutter which enable to fini h a
previously hardened blank with roughly formed
teeth .... A hobbing cutter characterized in that the
leading surface of blade including both ide cut-
ting edge of each blade are inclined backwardly

Figure 5-Hard hobbing collet fixture. in an amount ranging from 15° to 600."
micro tructure of the carbide material. Thi Figure 3 how a drawing of the hobbing cut-
microdegradation of the cutting edge will pro- ter from the Azumi kiving patent.
duce a awtooth-like urface, In addition, the That patent co ered the u e of all practical n g-
hub, tool bore and tool markings must be pro- ative rake h bs for the fini h kiving (recutting) of
tected to prevent degradation. previou Iy hobbed and hardened workpiece _ It

Phy ical tripping of the coating layer must be wa used on medium- to coarse-pitch workpiece
done by the original tool manufacturer and a a pregrind Of as a fini hing operation. early 30
involve reprofiling of the entire hob. Although different ompanies in the nited tate have
this is quite expensive compared with chemical u ed the proces for coar e-pitch WOrk. In the
tripping, the tool i virtually a new Cutter with past, the ucce of thi coarse-pitch application

guaranteed quality and t [life. ha been limited to the achievable gear quality, the
The Robbing Machine and Fixture System expen e of the cutting tool , complex tool harp-
To match the advance in both carbide materi- ening, alignment of the h bbed workpiece with

al and coating technology, the bobbing machine the cutter, and a ingle- urce" tool upplier. The
ha een advances a well. Today, all modern zurni patent expired on Jan. 22, 1991.
hobbing machines are designed for high-speed Skiving Hobs
hobbing. The e machine have hob speeds in The carbide hob u sed in kiving fall into two
excess of 3,000 rpm, with 5,000 rpm typical and di tinct categorie . For coarse-pitch workpiece of
with work spindle speeds to match that of the cut- 10 DP or coar er the cutters normally have a neg-
ter. In addition, these machines are de igned to be ative rake CUllingface design; this reduces the cut-
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Figure 3-Drawing from Alumi skiving patent.

B-axis

Figure 4-Electronic gear-to-hob alignment and stock dividing.

-,11I"1".
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Table 3--Example of Carbide Rehobbing.

Workniece date Cutter date Cllltino "Rh.
Workpiece Hand tool armature shah Cutter type Carbide hob. class AA Coolant Yes
Material 4140 Coating TIN Number of cuts 1
Hardness at rehobbing 57 HRc Outside diameter 1.250' Hob speed 325 sfm

ormal diametral pitch 20.32(1.25 module] Threads 1 Hob rpm 993
Number of teeth 8 Axial feed O.02"/rev.
Pressure angle 20· Stock removal O.OOO"/flank
Helix angle 20·
Face width 0.591" Hob-to-work alignment 4 seconds
Outside diameter 0.557" Cuttmg 22 seconds
Whole depth 0.110" Load and unload 3 seconds

Total floor-to-floor time 29 seconds
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The two chart'
at left how a
typical helical
pinion gear after
heat treatment .

These two charts
how the ollie

helical pinion
after hard
rehabbing with a
carbide hob. Tit
gear quality ha .
been improved
and i. approxi-
nuuei GM 10
on profile and
exceedsAGM
12 on lead and
pacing.
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These two charts
(above and

right) show a
helical pinion
after bobbing

from the
through-hard-

ened blank. The
accurac is of

very high quality
withAGMA 10
on profile and
AGMA12 on

lead and pac-
ing.
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ting hock on the carbide material a th utting
dgc conta ts the hardened tooth flank. F r

finer-pitch w rk, thi negative rake i not
required. One di advantage of negative rake hob
i the difficulty in harpening them. As the h b is
harpened, th out ide diam ter decrea , which

change the required grinding wh J ff t to
produce the c rrect negative rake.

Wh n kiving medium- t coarse-pit h gears,
the lip. out id diameter. and root are n nnaJJy
nth bbed. 1n ddition, a mooth transiti n into
the root area oftbe tooth i de ired. or the e rea-

ns, the ideal h b for coar e-pitch pre kiving
would be a h b with pr tuberan e to pr vid
und rcut and full fillet radiu that improve th
blending of the r ot into the active pr file.

F r fine-pitch gear application , it i more
pra ti al to u e a tandard cutter, a th prom
pr blem will of min r ignificance nd th
minor increase in tool wear during root utting i
not important. With the u e of a tandard radial
rake carbide hob, the correct tenn f r the proce
hould be "carbide rehobbing' and not "skiving,"

I whi h refer' to the u e of a negati e rake hob.
An example of carbide rehobbing appe in

Tabl 3. Also h wn are analytical gear in pee-
tion chart of the profile, lead and sp cing after
heat treatment and after carbide rehobbing,

ki ingProces
Both mechanical and eN machin are capa-

ble of kiving, but the machine hould be
equipped with an automatic workpie e-t cutler
. ynchronizati n y tern. Thi featur mak the
kiving operation economical and i e entia I

with automatic loading y tern. An electr ni
n n ntact y tern i hown in Figure 4. Thi y-
tern mea ure po ition impul e at th utter
pindle (B), the work pindle (C), and th gear

u ing an analog ensor. Th e impuI. ar then
pr ed by th machine. N control, which
modifies the relative positi 11 of the w rk rpindlc

Cutter type
Coating
Outside diameter
Threads

Tlble 4----fxample of Carbide Hlrd Hobblng.

Cutter dltl
Carbide hob. class AA
TIN
a.Sot5"
1

WorkpIece
Material
Hardness at rehabbing
Normal diametral pitch
Number of teeth
Pressure angle
Helix angle
Face width
Outside diameter
Whole depth

Workpiacl data
Han too armature shaft
4140
52 HRc
25.411.0 module)
9
20°
20°
0.630'
0.456"
0.089"

Cutting d tl
Coolant
Number of cuts
Hob speed
Hob rpm
Axial feed, first cut
Axial feed, second cut

Yes
2
722 sfm
2,887
o.olS-frev.
o.olS"frev.

Cutting
Load and unload

29 seconds
3 seconds

Total floor-to-floor time 32 seconds
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to the cutter to align the gear teeth of the wor -
piece with the teeth of the bob.

Coolant offers many advantage during kiv-
ing. irst, coolant pro id lubricity during cut-
ting. Second, it control the temperature of the
cutter, workpiece, and machine y tern.
Temperature control i very important as the
skiving proce doe n I produce a n rrnal chip.
The chip are maller, and do not ab orb the heat
a well a a normal chip. hird it flu he the
chip away from the culler and workpiece.
Fourth, it impro e the urface fini h. nd lastly,
it increase tool life.

During green bobbing, the election of correct
tooth thickn s i important 0 that all tooth
flank will be c mpletely h bbed during ki ing.
The allowance of tooth flank tock can be calcu-
lated or determined through practical e perience.
Typically, 0.002"---0.004" per flank i u d for
gear of 12 DP or finer.

Aloof significance are the cutting method ,
'peed , and feed. Climb hob bing i recommend-
ed becau e it will produ e the mo t di Lin t cut-
ting chip. This help to control the dynamic con-
dition of the cutting process and improve the cut-
ter life. Our experience ha hown that cutting
peed in exce of 600 fm are po ible. The
election of a feed rate d pend on the required

surface fini h. Typical feed rate range from
0.020"---0.050" per revolution. The hifting
method i al 0 important because during ki ing.
only the fini hing ection of the cutting edge i
ubjected to wear. In contra r, during green cut-

ting, the roughing portion of the tool doe mo t of
the work. Thi mean that larger hift increment
hould be u ed when ki ing. Typically, for gears

of 12-48 DP, hift tep of 0.012"---0.016" per
hift are u ed.

History of Hard Hobbing
Machining part in th through-hardened con-

dition bas been the desire of mo t manufacturing
engineer. Hard turning ha been uc es ful for
orne time. but only r cently have carbide mate-

rial with advanced coating and rigid bobbing
machine allowed for hard hobbing. Thi portion
of the paper define bard hobbing a a part with a
thr ugh-hardne of between 48 and 52 HRc.

echnical R uir men
The requirement for hard hobbing are nearly

identical. to tho e of kiving or carbide rehobbing.
One major difference i. in the hifting trate-

gy u ed. During hard hobbing. a large amount of
energy i required for chip removal. That energy
eventually become heat. It i e ential to help

di ipate thi heat, and we recommend that a full
pitch of the hob b hifted after every w rkpiece.

When the hob has be n hifted acr ss the
fa e, the hifting program sh uld return the hob
to the initial tart po ition minu an offset ba ed
up n the hob de ign and application. The pur-
po e of this offset i to help evenly di tribute
wear on th h b.

A econd difference i in the fi ture y tern
u ed. Again, due to the extreme cutting forces,
the fixtur rnu t clamp the workpiece urely
( ee Figure 5 .

Table 4 how an e ample of carbid hard
hobbing. The analytical gear inspection r suits,
including profile, lead and pacing, are al 0

hown.
Conelu ion

The need for higher quality, hardened gears
ha become universal. Engineers have e plored
variou m thod to manufa tur hard ned gears
economically, in luding materia] ele ti n, oft
machining method, heat-treatment pr esses
and hard fini hing. Ea h of the e h additional
co t .

The process of hard hobbing from a solid
through-hard ned workpiece blank i an em rging
technology. It has become a practical method
because of the higher machin rigidity well
improved carbide materials and tool coating'. Data
from several high producti n installati n. c nfirm
that the hard h bbing process is viable. 0

__ tiM_

edibnl
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Predicting the Heat-Treat
Response of a Carburized

elical Gear
B. Lvnn Ferguson, Andrew M, Freborg, Greg Petrus and Melvin L. Callabresi

Industrial
Dr. M.L. Callabresi (Consultantl
Deformation Control Technolo Inc.
Eaton Cor.
Ford Motor Co.
General Motors Corp.
Torrin ton Co.
The National Center for Manufacturin

Abstract ! require more effort and re ources than anyone
I

ing the DANTE oftware, a finite element! company could devote. a collaborative project
imulation w developed and executed to tudy : defined that in 01 ed national laboratorie ,

the re pon e of a carburized 5120 teel helical : industry and a adernia. The project wa managed
gear to quenching in molten salt. The computer i by the ati nal Center for Manufacturing
imulation included heat-up, carburization, tran - I Science. and the project team member are iden-

fer and irnmer ion in a molten alt bath, quench- ! tified in Table I. Be ide the breadth and depth of
ing, and air ooling. The re ull of the imulation ! expertise included within the pr [e L team, it is
included carbon distribution, volume fraction i important to note that the collaborative nature of
and di tribution of phases. dimensional change, the project helped provide the ub tantial
hardne , and re idual tre s throughout the resources Ilece ary to allow model development,
proce . The predicted re ult were compared material chara terization, actual heat-treat trial,
against mea ured result for hardne . dimen ion and model alidation to be addre ed.
and re idual tre . The e cellent agreement A re ull of thi collaborati ef ort a the
between prediction and mea ured alue for thi development of a oftware tool named DA TE
carburized 5120 steel gear provides a ba i for which is an a ronyrn for .!2istorti n aly i r r
a es ing the ariou proce parameter and their Ihermal Engineering.
re pecti e importance in the haracteristics of not The D TE oftware
only the e heat-treated parts but of other cornpo- The DANT . ftware con ist of a et of ub-
sition and shapes. routine that de cribe the thermal, mechanical and

Introduction metallurgical re ponse of teel to heating and
Distortion of steel part due to heat treatment cooling. The. subroutine include the Bammann-
a widely known but poorly under tood prob- Chiesa-Johnson (BCJ) material model de eloped

lem. While the general cau 'e. of part distortion at andia National Laboratorie in Livermore.
are well kno n. in mo t cases the specific cau e- CA; model for both diffu i e and marten itic
effect relationship has not been esrabli hed. The pha e tran formation developed at the olorado

I
main rea on behind the lack of understanding of i chool of Mines; and a heating-carburizing-
distortion include the many urce of di tortion, : quenching m del de cription and m thodology.
the breadth of engineering di cipJine that mu t ! These ubr utine ha e been interfa ed ith the

I
be brought to bear on the pr blem, the lac of! finite element 01 ers ABAQ (a product of
analytical tool to help di ect the problem, and ! HKS Inc. of Pawtucket, RI) and KIVA (a product
the wilJingne of heat treaters to olve distortion ! of Sierra Vi LaTechnology of Albuquerque, M).

I
problem by trial and error. j The BCJ material model, an RD 100 award

Recognizing that developing an engineering i winner (Ref. 11), i based on the use of internal
tool to addre the di tortion problem would i state variable to de cribe the mechanical behav-

Table l-Heat Treat Distortion Pro ram Partici ants
De artment of Energy

lawrence livermore Nationallaborator
los Alamos Nationallaborato
Oak Rid e Nationallaborato
Sandia National laboratories

Universi
Colorado School of Mines
liT Research Institute

Sciences
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i r f indi idual m tallurgi al phase over wi
ran eft mperatures, dcf nnati n Ie els and
def rmation r t s. Th state variable' link the

mi ros pic m chani m e during def rma-
ti n t the ob. erv d macr pi havior, r

he' t-tr atm nt pr .csses. here mixture f

phases are er changing during the proce . the

model h been enhan ed t in lude th effect of

ph tran f rmati n • tran rmati n-indu ed
pi ti iry (TRIP). and a mi ture the ry that pre-
di l!> th m hanical beha .i r f th ph mix-

ture fr m the behavi r f th indi idual pha ...
F r details on the B J m el applied to heat-

treat pr essesvs R feren es and 7.
he pha. e transf rmati n predicti mod I

have been interfaced with the B J material model

that th e elution of metallurgical phase' is
ntinuall updat d during th simulation. The

pha tran ~ rrnation behavi r f arbon and low-
all y st el ha be n math matically described

LJ. ing a state ariable m th that is compatible
with th B J m I. tran f nnation mod-

el t k the olume ti n f . h m tallurgi-

al phas fun ti n f tim and remperatur .
Detail. con eming the pha e tran. formation

m I are found in R e n 3. 9 and 1 .
peci rc material dat u ed b th mod I in

th imulati n re determin d from well kn wn,

but n t ften pra ti d. mechani al and thermal
te I . dat f r th B J material mod I are It

fr m temperature- and rate ntr lied tensi nand
c mpre i n t ts. ingoftwar d vel ped at

andia pe iii ally f r gen ration of data .et in

th B J ~ rrnat (Ref. l Z), tru stress/true train Figure 3- arbon profil in earburized and
data ~ r different temperatures and strain rates are quenched helical gear (units are weight fraction ').
determined for a h material phase. The phase us to foeu on a . ingJe gear I orh as sh wn in
transformati n data ar deri d fr m heating and Figure 2. Cyclic ymm try nditions wer

ling dilatorneter e perirnents. Ia! ti pr per- pplied I th ut fa f th model.

tie. and th rrnal pr rties, in luding latent heal. The heat-treat eh dul mpl yed in the
of ormati n, were tract d fr m publi bed liter- m I i. hown in Tabl _. Hating wa. a

atur and implemented ithin the mod I a fun - pli shed b applying a temperature-depend nt ur-
ti ns f temper lure and arbon level. face heal tran fer c ffi ient repres ruati e 0

Hear-T at Proc . lmulatlon t pi al gas-fired, continuou s-thr ughput fur-
21-1 thed h Heal n in Figure I. naces. constant ar n potential f . B. Lynn Ferguson

is founder and pI? rd nt of
wa el led f r irnuluti n. Thi ear, made from appli d unif nnly 10 all e teri r parturf ~ t Deformation Control
512 te I. i t picall rna .hin d from a forged provid th boundary c ndition r th carbon Tt' hnolog ~ He « am m-
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Figure l-s-Carburized helical gear.
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Table 2-5120 Carllurization & Salt·Quench Cycle
Step TemperabJre Time Carbon Potential

Heat-Up 2()-.85O°C 10 mins. -
Carburize 850-900°C, 900°C, 30 mins., 3.75 hrs., 0.85%, 0.85%, 0.85%

900-843°C, 843"C 15 mins., 45 mins.
Transfer to Quench Air 12 sees. -

Salt Quench 230"C 4mins. -
[includes 96.8 mm/s

immersion I
Air Cool 20°C 10 mins. -

•.......••....•.-, •• :: End of Salt Quench
.1•••
04hl.tI
oIul ••
• 1•••........J_ .•.~ ...~ ..
•••• 11
.UU! ••.....
",~.Il'

23-..1.-1

Figure ~Maximum principal tres contour map at
the end of the alt quench. Part temperature is 230°C.

igure S-A ustenite volume fraction at the end of the
salt quench. Part temperature is 2300e.

2
I

3 --4. I

Figure 6-Minimum principal tre after alt
quench and air cool: Part temperature is now 200e.
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NllIa: Musurad values all basad on IItliamI lnumptiOR.

Figure 7-Comparison of predicted stress vs. stress
computed from X.ray measurements.

decomp ition i ompleted prior to wa hing, and
th tempering proce model had not been fully
implemented when the demon tration model
developed.

Model re ults illu truting the carburized t th
are hown in Figure . The main a umption in the
carburizing boundary condition wa tbat the car-
bon potential wa uniform around the tooth exte-
ri r and bore. The fin Icase depth was 0.64 mm,
defined a the d pth at 0.4%. ore, the car on
profil of the carburized gear wa not me ured:
th carbon diffusion model had been validated
previously where predicted profile were found to
agree with profile determined directly by elec-
tron-beam microprobe or indirectly by microhard-
ne mea urement (Ref . 6 and 8).

igure 4 how a contour map of maximum
principal tre at the end of the alt quench. The
ea e i in re idual ten ion of approximately 300
MPa. with the direction of this tre being along
the length of the tooth. The part temperature at
thi point in the proce s i 230"C. which i abo e
the marten itic temperatur of the carburized case.

indicated in Figure 5, the high carbon case i
till fully au tenitic at thi point, while the low

carbon core of the part has Iran formed to a mix-
tur f errite-pearlite (up to 7%) bainite (up t
5% and marten ite (remainder).

igure 6 how a contour map of minimum
principal Ire after cooling the quenched gear to
room temperature. The c e now exhibits re idual

mpre ion of approximately 400 MPa along th
tooth face and 500 MPa in the root. For compari-
son Figure 7 illu trate the predicted versu
measured . urface and ncar-: urface tres es, with
the measured value determined from X-ray dif-
fracii n pattern taken along th direction of the
r t valley. The e value were measured for
marten ite and were not corrected for multiaxial
ffect . Qualitative agreement between the meas-

ured and predicted values eem reasonable. but
the difference between the two till require fur-
ther e amination. At thi time, there i not uffi-
cient ba i to comment definitively on the accura-
cy of the measurements derived from X-ray analy-
i and the compari on with predicted value .

Previ u validation tudie that focu ed on
im ler ring hape have hown a imilar differ-

en e between predicted and mea ured urface
Ire e but virtuaUy identical value for Ire

through the ca e and into th core (Ref. 8). A
"light m unt of urface decarburization and oxi-
dation may have a ignificant impact on the local-
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ized mea ured urface tre tate.
The helical gear model indicates that at the end

of the final air cool the case i tran fanned to
marten ite with about 25% retained au tenite, a
hown in Figure 8. The retained au tenite level in

the model matche the amount ob erved in the car-
burized case of gears at thi point in the process.
The volume fractions for the phase were al a cor-
roborated by qualitative matche of predicted
pha e volume fraction ver us metallographic
ob ervation .

The hardne model in DANT i ba ed on a
imple rule of mixture, where the bardne of

each individual pha e i calculated and the com-
bined hardne is then based on the summation of
the phase fraction time its re pective hardness.
Martensite hardne is based on carbon level, and
the hardness of the diffu ive phase of ferrite,
pearlite and bainite are function of the tempera-
ture of pha e formation in addition to carbon level.
Marten ite and lower bainite therefore are domi-
nant pha es in parts with high hardness, while
retained austenite, ferrite and pearlite reduce hard-
ne . The predicted hardne of the gear tooth
model i plotted in Figure 9, with the high carbon
case being the high hardne region as expected.

Figure 10 shows a bar graph de cribing the
radial displacements of the four comer bore node
for the evaluated gear tooth section at the end of
each proce s step. After heat-up, the part expan-
ion i evident by the radial expan ion of all four

bore points. A carburization progre e during the
next process step, the bore hrinks lightly a car-
bon diffu e into the austenitic lattice. The part
then thermally contract a it lightly cool during
tran fer to the quench. The bar marked' Immer en
i actually at 5 econd into the alt quench after
immer ion has been accompli hed during the fir t

0.3 seconds. Transformation of the austenite is still
negligible at thi time, while thermal contraction i
pronounced. After completion of the alt quench,
the core of the tooth ha now tran formed to
marten ite and bainite, with the re ult being a
rever al in radial movement a the bore grows with
the formation of the e pha es. The final air cooling
produce a thermal hrinkage, with the bottom
radiu being approximately 12 microns smaller
and the top radiu being 10 microns larger than
original ize.

The chart hown in Figure J 1 i imilar to
Figure 10, except that Figure 11 track the radial
movement of the tooth tip. The tooth tip move
outward during heating and carburizing. However,
more ignificant i radial growth and barreling of

Martensite Phase Fraction after Sah Quench and Air Cool

Z
J.-~.1

Figure 8-Volumefraction of marten ite after all
quencb and air cooling to 20°e.
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Hardness Profile

Figure 9-Predicted hardness contours ill gear
tooth after quenching and air cooling to room tem-
perature.
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Figure In-Predicted bore displacement during
heat treatment.
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Figure ll-Predicted tooth tip displacement during
heat treatment.
the tooth that i bown at the end of the final air
cool. The bottom node ha grown the lea t at
approximately 25 microns, the midheight node
ha grown more than 40 micron • and the top node
of the tooth ha grown ju t less than 40 microns.
While the e radial growth may eem small, they
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ABOUT DANTE
A software tool called Distortion ANalysis for Thermal

Engineering (DANTE)was recently developed by a team of spe-
cialists to analyze part-distortion problems. Because of the
many sources of distortion, the variety of engineering disciplines
required to analyze the problem, the lack of analytical tools to
solve the problem and the tendency of heat treaters to use trial
and error for distortion problems, the DANTEtool was created to
look deeper into the issue.

Benefits
The immediate benefit from using DANTE is prediction of

dimensional change, residual stress state, and part hardness.
These predictions provide direct insight into the effects of steel
chemistry, part shape and process on these values; and a
method for comparing processes, green shapes and steel
grades can therefore be achieved. This knowledge, when
applied, provides a means of reducing costs and time associat-
ed with distortion-corrective steps, through reduced straighten-
ing, reduced machining of hardened parts, and possible substi-
tution of free quenching for press- or fixtured-quenching
processes.

As an example, high-pressure gas quenching following vac-
uum carburizing is becoming a popular process substitution for
conventional gas carburizing followed by immersion quenching
in oil. The DANTE simulation tool provides a valuable means of
comparing these processes. Also, processes such as induction
hardening, which is done as an in-line process on individual
parts, can be compared against batch-quenching processes.
Thus DANTE provides a powerful means of assessing potential
process developments prior to initiating potentially expensive
plant trials.

Simulation using DANTEcan improve part Qualitythrough:
• More uniform carburized case, which can minimize machining
after hardening;
• Achievement of deeper levels of surface compression and
improved fatigue life through improved understanding and con-
trol of the heat-treat process;
• Optimal design of part geometry and required fixturing to maxi-
mizeheat-treatment response and minimizeundesirable distortion.

DANTE provides technical insight into the heat-treat
process, which is a benefit by itself; but when skillfully applied,
it can result in design- and production-cost reduction and
improved part quality.

Theory
During heat treatment, dimensional changes occur due to

thermal expansion and contraction, phase transformation, and
internal stress. Dimensional change cannot be prohibited during
heat treatment, but it can be taken into account during design.
However, unanticipated dimensional change, termed distortion, is
a major problem in heat-treat processes and costs the industry
millions of dollars each year. DANTE predicts the phases and
distribution of phases, internal stress state, and final hardness of
the steel part.

DANTE's Mlterill Model: DANTE includes a multiphase
material model based on the Bammann-Chiesa-Johnson (BCJ)
internal state variable model to address heat treatment of steel.
This material model was recognized as a RD 100award winner
in 2000.

The internal state variable model characterizes the internal
state of a phase, where the state variable relates to the
microscale physical state of the phase. Evolution equations
describe how the state variables change with temperature, rate
of deformation, and deformation level. State variables included
in the BCJ model are static- and rate-dependent, yielding as

functions of temperature and alloy content, and hardening bal-
anced by recovery mechanisms. The constants that define the
state variables are derived from conventional temperature- and
rate-controlled tension and compression tests.

DANTE's Phi" Trlnsformation Kinetics Models: The steel
transformation models in DANTEinclude austenite formation dur-
ing heating, and austenite decomposition to ferrite/pearlite, bain-
ite and/or martensite during quenching. At present, low-tempera-
ture tempering of martensite is also addressed. The kinetics
model is driven by phase transformation data obtained from
dilatometry.

DANTE'sCarburizing Model: DANTEincludes carburization as
a mass diffusion model where the diffusivity of carbon in iron is
controlled as a function of carbon content and temperature. The
effects of selected alloy elements, such as chromium, on carbon
diffusivity are also included. The surface carbon potential may be
specified as a constant value, or it may be defined as a function
of time and temperature based on particular furnace perfor-
mance data. The carburization model can be used to simulate
conventional gas carburizing, as well as vacuum carburizing.

Material DetI: During the initial collaborative project, the
mechanical, thermal and phase transformation behavior of the
5100 series of low alloy steel was developed in detail. Phase
transformation kinetics data and mechanical behavior data were
later developed for some other grades of alloy steels, including
8620,9310,and 4320steel. During a subsequent U.S.Army-spon-
sored Small Business Innovative Research lSBIRI program, com-
prehensive material data were developed for the high alloy gear
steel Pyrowear 53 (a trademarked and patented alloy produced
by Carpenter Technology lnc.l, which is used in gear transmission
applications for military helicopters.

Quench Medii DltI: Part of the processing data available
with DANTEare heat-transfer tables for selected oils, salts, water
(immersion and spray], and gases.

Softwlre Packages
DANTE exists in two versions. The DANTE/ABAOUSversion

requires that users have a valid license for ABAOUS/Standardand
ABAOUS CAEfor pre- and post-processing of results. The DANTE
subroutinesare distributedas object codethat is linkedto ABAOUSat
run time. This version of DANTE runs on any platform on which
ABAOUS runs, including Windows NT and UNIX workstations.
Models may be either 2-0 or 3-D in nature and elementtypes include
quadrilateral,hexahedron,wedge, andtetrahedron elements.

The second version of DANTE is called DANTE/KIVAand has
the same capabilities as the ABAOUS version, but instead the
software couples with the KIVA special purpose finite element
solver. KIVA solves coupled mechanics problems involving car-
bon diffusion and transient thermal-stress process steps, but is
limited to hexahedral elements at this time. KIVA'sprimary advan-
tage over the DANTE/ABAOUSpackage is much faster solution
times for 3·0 problems. KIVA relies on existing pre- and post-
processing software such as ABAOUS CAEor PATRANfor model-
building and graphical display of results.

About DANTE
The DANTE software package is available for licensing from

Deformation Control Technology Inc. A product of a collaborative
industry-government laboratory-university consortium, DANTE
consists of several components,each with separate ownership but
covered by commercial licensingafthe software.The materialmodel
was developed by Sandia National Laboratories of Uvermore, CA,
and is owned by Sandia.The phase transformation kinetics models
were developed by the ColoradoSchool of Mines under contract to
the National Center for Manufacturing Sciences, and NCMS is the
owner.OCTis responsiblefor maintaining,marketing,distributing and
training. Formore information,contact OCTat (440)234-8477.0
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are highly ignificant fr mad ign and applica-
ti n standpoint becau e th y u up mo t of the
allowable dimen ional ariati n in the gear tooth.

ummar
A imulation of the carburizing and quench

hardening of a 5120 helical gear ha been con-
ducted using the D NT heat-treatment imula-
tion oftware package. Agre ment between pre-
dicted alues and me urernents for phase 01-
ume fra tion and di. tributi n of phases. and
residual. tre tate wa ex ell nt. The predicted
dimens ional changes associated with the heat
treatment of thi type of gear were aloin agree-
m nt with e perience. Howe er, a more robu t
y ~ m f r accurately comparing mod I re ul

with t pical gear mea uremcnt and propertie
(. uch urface re idual stre: ) i till required
for a reali tic judgement of model performance
and aura y. This w rk i in progre .

Additional work also ntinue in refining the
xpcrimentally mea ured pha e tran formation

kin tic., characterizati n additional teel and
characterization of other quen h proce e.
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Introduction
When harden d steel component" are ground.

there i: always the possibility of damage I the teel

in the fonn of residual tress or microstructural
changes. Method f r d tecting this rt of damage

ha e alway had one or more drawbacks, such as
o t. tim . complexity. ubj tivity, or the u of haz-

ard u. chemicals.
relative] new method. known a! Barlchausen

n ise anal is, meets the demand for measuring

f in ground st Is in a very reliable, standardized
and cost-effective manner (Ref] . I and 5). Use of thi
technique is simple and can reduce product failures t

0Ck. Scmiautomaied gear inspection sy tems have
been ernpl yed by gear manufacture to tak< advan-
tage of the capabi Iities of Barkhausen instrurnentaii n.

Combined with dimensional inspe ti n, hardness

tests and periodic mctallographic analysis, the
Barkhau 'n n isc analy 'is method can help close the
I p n in. uring produ t quality. Barkhausen noise
analy. i. can be a . t ng link in th chain that ulti-

matel lead! t a I ng nd reliabl gear life.
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Figure 2-Barkllau ell noise amplitude vs. hardness. i a e layers and may cause und sirable effects if n
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Figure l-s-Barkhausen noise amplitude v "
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e urem n echniqu and trurn ntati n
Bnrkhausen noi e analy i i a rechniqu bas d

around a relati ely imple con ept in 01 ing er-
r rnagn tic materials and a magnetizing f Id.

When a magnetizing field is placed near a fCIT

magnetic material, the material underg s a net

magnetization change. This change is a result f
the micro c pic m ti n of magnetic domain wall,

ithin th material.
Wh n u d main all roo , it emits an el trieal

pulse that can be detected by a il of ondu ring
wi placed near the material. Th se discret pubes

arc me sured in a bulk mann r, re ulting in a c mpi-
lation f th usand of electri al pul referred t

Barkhau n n i Ref: .3,6,7 and 9). The amplitud
of this ignal i metime referred to the ma I -

tocla ••tic param L r (MP). The amplitude i all 'ted

by anything that impede th m tion of d main
walls. om fa to to consider are inclu ion. p -
cipitates, eli 'location , grain boundaries, and residual

"Ires ~.
In the nse f macrometallurgy. we may sum up

these fact rs in two categ ri . hardness and residual

Ire .. In general. Barkhaui n n ise is increased with
decreasing hardn s and increasing tensile Ire ..• and

nvcrsel . Barkhausen noi j decreased with
in ceasing hardnes and in reasing c m
Ire . This principle is iUu urated in Figures I and 2.

TIle instrurncntati n required to dete IBarkhausen

signals is illustrated in Figure . A magnetizing fi Id
is created and applied 10 a ferromagnetic material
through the U.' of an IcetromagneL The material
reactl> to the magnetic field ill described above and

emits Barkhr usen bursts. whi h are aptured by a. n-

r c nsisting f a coil of condu ting wire. The signal
then amplified and filtered. The amplitude i c leu-

lated using an RM equation. and the data i. digitized
for display and output to a computer.

ature of ilaterial
used b rinding

rinding damage i the result of energy ing
nv rted to heat. Thi. heat icon entrated in the su -
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P perl managed. m of the fa t a ecting th
ri in temperature in me surface layer include th
coolant type. c lam ncentrati n, lant age.
coolant now. grinding wheel type. grinding wheel
speed. grinding wheel wear. feed rate and prior proc-
essing of material. e.g. different beat-treat batches,

Wojuu. et at. (Ref. 9) e plain that damage may
start with th partial relaxation f de. ira I compre. -
ive tre. at temperature. Ie than 500DC.

tern ratures in 10 near! 600° ,B 1 mer-
mal damage. also known as reternpcring bum.
occu •. The effect wiII an v rtempering causing
a decrease in urface hardness and the onset or mate-
rializati n of t nsile stre: . Further temperature
in rease to greater than nODe will cause Dsclass
thermal damage, aI. known m rehardening bum.
Thi defect will inclu regions f ery hard and brit-
tle material. well as urrounding area; of B-class
bum." ft" material.

residual tresse will also be compl x due 10

ranging levels of damage ac s th urfa e. me
areas will be comp ive. while thers will be high-
ly len i1 Ref:. 2 and 9).

The exi ting te hniqu for detecting the dam-
age de eribed ab ve includ vi ual in pection ia
nital tching (Ref. 4, mi rohardne te ting,
residual stre: s pr filing with x-ray diffracti nand
Barkhauscn noise analysis. Each of the defe Is
d cribed abo e can be detect d ia Barkhausen
noie analy is and can be d n in a t taJ! nonde-
stru live manner. The -ruy diffra tion technique
can also be used in ea h case; h w ver, it i
e tremel.y time-con uming, expeni e. and
destructive. Th nital et hing and rnicrohardness
te hnique. are quick and easy, but they can nly
det ct B- and D-c1a. damage. Furthermore.
hardn te ting i de tructi e and nital etching L
ubjective. igure h w orne of th features of

Barkhau en noi analy i compared 10 the m t
widely u ed grinding-bum detecti n technique.
nital (temper) tching (Ref: . 2 and 9).

Il e n in Figure I and 2 Ihat the
Barkhausen signal increas d for de rea ing hard-
ness and for in reasing tensil tre . Thi is th
exa t . enario for reternpering grindin bum as
se n in Figure 5. inee grinding damage aITe ts th
hardne. s and stress in way hich in rease th
Barkhausen signal. detection of grinding damag
by the Barkhauscn noise analy is i quite sirnple.ff
the arnplitud in rease ,th n there i burn.

Th c ception to this rule i f r rehardening
zone'. In me case f rehanl ning zon • me ignal
may d rease, bUIthese z n . are always surround-
ed by verely retempered z ne.• whi he hibit large

Central Unit Sensor

Comparison of Inspeclion Methods
Barkhausen Nital

Method Etch Microhardness

• Nondestructive Yes No Yes
• Use of Chemicals No Yes No
• Automated Yes No No
• Reliable Yes No No
• Evaluation Through Coatings Yes No No
• Danger of Hydrogen Embrittlement No Yes No
• Influenced by Both Stress and Microstructure Yes No No

Figure 4-Compari on of nitaI (temper) etch to Barkhau en noise analy i .

Amplitude Grinding Damage: Retempering Grinding Burn
Amplitude

Hardness Stress +
TensionRetempering Softening Compression

Amplitude Up Amplitude Up
Aetem erin Burn Increases Am Iitude

Figure 5-Effect of grinding burn on Barkhau ell 110; e signal.
amplitud of Barkhausen D i (MP).

Instrumentation for ars
Th re are everal different m thods to make th

Barkhausen m uremen. They arc manual meas-
urement by gen raJ-purpose r U lorn n rs, man-
ual measurement mad with the aid of fixturing, and
semiaut mated r fully automated methods.

Here we introduce erniautomated Barkhausen
noise evaluation of tran rnis ion gears.

Outline of Instnunentation and y tern
peration

Theinspecti n sy tern, h wn in igures 6 and 7,
con i. ts f a linear x-y m tion c ntrolled sen r a
live center. a three-jaw chu k with software-con-
trolled rotation a Barkhausen noi analyzer, a com-
puter, and data acquisition and analy i ftware.
Param ters for rotation and x-y m ti n are pro-
grammed into the computer f r each individual gear
type. Th operator then in tall a gear manually,
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toelastic parameter (MP).
By examination of the correlation, a criterion for

rejection i, established. The rej tion criteri n i then
entered into the computer program for the type of
gear being used. Once the rejecti n criteri n has been
entered, Barkhau n noise analy is of producti n
ample may begin. An example of the . etup used f r

one gear type on a m torcyclc Iran mi. i n gear ys-
tern is hOWD in Figure 10.

The figure illu trate a correlation between the
magnetoelastic parameter, MP. and the vi.ual indica-
ti n of bum from nital etching. The left graph i a

Figure 6-Gear inspection system, with gear inspec- correlation for the maximum MP value mea ured on
lion stand and compute,./ROlLSCA M cabinet. all scan f a gear, while the right graph i a correla-
selects the type of gear from the software and pres - tion for the difference between maximum and mini-
es Start. The remaining operations are all automatic. mum MP values me ured on all scan of a gear. On

The sen r moves into place on the gear tooth- each graph, a eros has been added to indicate the
Figures 8 and 9--then axially scan the preset rejection criterion. In each case, the lower left quad-

locations on the tooth, up to four radial locations per rant indicate acceptable samples while th upper
tooth. The gear then rotates lightly. allowing the right quadrant indicate unacceptable ample.

nsor to contact the opposite flank.,which i then Therefore, by tting the maximum rejection limit t
scanned in the ame manner a: the first flank. Next, 60 MP and the difference rejection limit t 20 MP, all
the sen or mo es away from the gear and the gear parts rej led by nital etching will aI be rejected by
rotate , allowing the sensor to move in to te t the the Barkhausen noise analysi .
next tooth. Thi continues for the preset number of The example given indicate orne scatter in the
teeth and the results for each scan are presented on data. and it i only f r a relatively mall group of
the computer monitor with the statu of ACCEPTED parts. Based upon thi exampl , it would be wi to
or REJECTED, based upon programmed rejection choose rejection criteria that are lightly I wer than
condition. those indicated. Thi would be taking a conservative

The y t m can be t up to measure one tooth or stance, but you w uld be 100% positive that n
all teeth, and it can be programmed to mea ure one rejectable parts are pa sed. In order to increase confi-
t th, then kip five and test the venth tooth and so dence in ults, all fmal correlations arc being d ne
on. A typical setup is to use two an per flank and with 60 ample group te ted by three different u rs.
to measure a total of four teeth at approximately 90° This technique will further increase confid nee in the
from one another. This type of etup drastically rejection criteria and limit the need for further analy-
decreases the measurement time, compared with i of the gears.
measuring each tooth, without sacrificing reliability. When a gear measure near or above the rejection
When the measurement is completed, the results can criteria, it i comm n practice to check th gear fur-
be ved to a me or output to a printer. ther u ing nital etching. Thi type of "extra" analy i

Getting Started with Barkbausen i excellent for confidence building, e pecially if th
o nal is rejection criteria were tablished u ing a mall group

In order to gel started with Barkhausen noise of part . Over time, operate w uJd bee me m re
analy is, one mu t first obtain a correlation between confident that the analysi sy uem and th tabli hed
the Barkhau n noise ignal and me other mea- rejection criteria are reliable and true.
ure of the everity of bum, e.g. nital etching. Based Benefits of utomated

upon the correlation data, a criterion for rejection Barkhausen oi Inspection
can be tabli hed for the Barkhau en in trument. Early detection of damage. Grinding damage
One imple in ipection method is based upon the usually occurs as a result of wheel wear, but mayal
fact that the MP value can be directly related to the occur du to incorrect feed rate, wheel speed. or var-
re ults of a vi ual nital etch in pection. By measur- iou other change . mentioned before. In a pro-
ing a variety of production part. and comparing duction cycle that outputs large numbers of parts
them with nital etch in.pection, a correlation can be every hour, it i essential that errors are detected
made and the level of bum can be quantified u ing quickly. ital etching techni lU can take vera!
the magnitude of the Barkhau en ignal, or magne- minutes and are n t alway con eniently I ated with
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respect ~ the grind !'S. Beca f thi . etching i typ-
ically d ne once an hour or Ie ; there • detecting
errors i by no m an f t. Thi can be a hug I in
time and mon y n damaged product. Th
Barkhausen techniqu can be tablished uch that
detecti n i alway. within a matter of minu of th
error, resulting in lhousan of dollars in ving.

orne u have reported a return on in tment in 3!

little as three month .
Record of re ulls. The Barkhauscn n ise ampli-

tud (MP valu ) are recorded for hindi iduaJ
gear and the data can aved and recalled f T

revie • if necessary, ital et bing has no record of tbe
re ul un1 the pemtor Ie! a 1 k, and !he
etch ults till are ubjeet to human error.

Quality-Performance 'ontrol hart. Th
Barlchausenresul can be used for stati ti anal i. ,
if necessary.

Deer. me wammty repairs. Barkhausen n i
analy i can aid in m nitoring and preventin the
ibility of generating undesirable urface nditi in

manufa tured c mponen . Thi . due I th in cease
in confidence when measuring bum. By liminating
etching and using a proper Barkhausen n i analy i •
one can ignificanllyenhanc p cap ility, thu
reducing ri k of producing p that challenge peci-
fication c mpliance.

o consumables, low maintenance cost.
Barkhau n noise uses no chemicals c n umable
of any n, whe th acid etch technique require
clo e m nitoring and i difficult to maintain with
today' increasing environm ntal tandards,

tting P th Grindln Proc
utomated Barkhausen olse Inspection

For an applieati n uch 3'1 tran rnissi n g , it i
not unlikely for the am grinding rna hinc t be u ed
to grind veral different type of gears. Thi i tru f
many application, e pecially when ne facility i
required to produce hundreds f different type of
imilar parts, In these ,quickly tting up th

grinder and changing from part to part i e ntial,
rnenti ned earlier, nital etching takJ ral

minut ,and the etch facility may be located hundreds
of feel from the grinder. A typical tup requi that
the perat r t up the grind r for a particular part
number and then run a t sample. Then th part i
etched and. based upon the re ulu of the etching,
chang are made to the grinder.Thi iterative p
continu until the operan r i satisfied with the results
of the etching. This procedure can tak from v ral
minut to an hour or e n more. even for an e peri-
enced operator,

Setting up a grinder u ing
analy i i based u n the

•

4

•

6
l. Gear-stand frame
4. Horizontal motion
7. Control logic box ISll

2. Sensor
5. live center
B.Operation panel

3. Axial motion
6. Drive head
9. Sample

Figur 7-Gear inspection land.

Gear Tooth

Figure 8-Sensor contact wilh gear tooth.

Figur 9-Pllotograph of gear contact with helical-
type gear. (Pllotocourtes of tressteeh0, Finland.)

ViIU I Ch"lctlnlltJon 01 Bum on G", Tood!
IE:]
2~ •
I~ ~ 1II
4~ ~ 2!

I i 1II

• i "1 ~ ID
I III!•
II • • II

u. _u .• uO.
o 0 ~

.yo 0

II 12

Nn.1 Etch Indlc.lion or Bum

Barkhau n n i Figure 10 -Maximum MP correlation wilh nltal et h (left) and maximum-min-
principl . But the imum correlation with nita! etch.
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based upon the amount of damage d ne in grinding.
Intuitively, it make 0 that the wo I def

will occur near the tip of th gear tooth. in there
i I s material there to di ipate the heat gen rated
in grinding. Figure II how th data utput n th
computer screen. The output represent II m u-
men! on a gear u ing four scan per flank on a total
offour teeth. The data i p nted in a way thai mir-
rors the image of a tooth.

The graph con i ts of two curv '. One .. for the
maximum data poin and the other i f the mini-
mum data points. If we focus n one plot, the f t
data point on the far left i for the out t int,
radially, of the first flank.Then, mo ing I the right.
the next three points are for the 2nd, 3rd and 4th scans
of the first flank. Continuing rightward, we 010 e t
the innermost point on the opposite flank and then
out to the tip of the oppo ite flank with the 8th point
of the pI L That completes m urcmcnt f the first
flank of tooth J and the opposite flank n t th 2.

Mo ing n, the ne t tooth m ured i the first
flank of tooth 7 and then the oppo ite flank n tooth
8. Thi continue, until the final point on the ppo-
ite flank of tooth 22. This gear happens I have 27

teeth, and the setup is to t t between t th I and 2,
7 and 8, 14 and 15, and finally 21 and 22. Thi c r-
re pond to te ting at about every 90". w, return-
ing to the type of damage we would expect on a gear
tooth and reviewing the plots. it j evident that the
larger MP values come from the tips of the gear
teeth.Thi w uld validate the expectati n th t m
bum will be evident near the tip. due to decreased
beat di ipation.

There are two other observati n that. can
made with respect to the measurement in figure 1J .
One is that the data for the maximum and minimum
at any given point are very cI . Thi indicates that
at any given radial position. th hang in the
Barkhau n noise ignal is negligible and theref re
the change in microstructural properti and idual
tresses, at that radial po ition, are aI negligibl.

The second ob rvation is that the data from flank to
flank and from tooth to t th are very imilar. Thi
indican that the Barkhau n noi ignal doe not
vary from tooth to tooth or on op ite fl

Th oil ati can be very im rtant in
determining the cause of damage. F r in tan • i
there i a variation from flank to flank that rej ts
one flank and n t the other, it may be that th grind-
ing wheel i not centered between the te th and one
tooth has more material removed than the ther,

Figure II-Measurement creen and data from a These types of observation and th ught p
typical etup using four scans per flank 011 four can be a very valuable troubleshooting I I, resulting
teeth from tresstech : GE R oftware. in time vings,
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instrumentation i u ually located very near the
grinder and the feedback i immediate. Change can
be made to th grinder within a minute or two of the
grinding perati n n the t t sample, and the time it
t.ak lO c mpl te th iterativ process i drastically
reduced. In additi n, the data i quantified, 0 that
the operat r has In id a of th change necessary.
rather than gu swork based upon etch re ults. 11 is
not hard to that u. ing Barkhau n noise analy i
imply for tup can ve a I t of time and money.

Monit ring th riDdingProcess iog
utomated Barkha n o' Inspection

After the initial p of a grinding machine, it .
wise to monitor the machine by t ring production
sampl at periodi interval or by as much as 100%
in peeti n, if fea. ible. This type f analy is can be
done quickly and ea i1y u ing an automated
Barkhausen n ise analy i y tern. By testing
many parts as deemed necessary, based on the rate of
produ tion, thi type f ring i used to insure that
quality parts are being produced and to find any
problems, u h a worn-out wheel, before they
becom stly.Th typical Barkhausen noise analy-
i y tern can be an in aluable tool for monitoring

fini h-grinding operation during production,
whether th throughput i two part per hour or 200.
It i a fa r, easy and nonde tructive technique of
determining wh th r th grinder is correctly per-
forming its fun tion.

Interpreting th Results
Interp ling the data from the analy is y tern is

done by falling back n me of the basic theory of
Barkhau n n i and the influential parameters that
affect the ignal. Ith a light knowledge of gear
design and p . ing, and a basic understanding of
Barkhausen noise, a pe n can make me observa-
tions regarding the ul f the analysi y tern.
first, we know that Barkhau n n i increases when
hardn decreases and when omp sive tresse
are relieved. In general, Barkhausen noise increases

http://www.powerlrensmlsslon.com


Another observation that can be made during
m urement i an increase in the overall ignal
level of a part. The difference between the maximum
and minimum value may remain mall but the
level may increase from normal level of 40-50 up
to level of 70-80. If thi type of change occu ,it
may not be the result of grinding damage. In fa t,
thi type of change may be the result of prior proc-

ing. era! parameters could hange, but the
most comm n is a change in heat treatment. If the
heat treatment chang ,affecting the hardne or the
amount f retained au tenite. the Barkhausen ignal
ob rved after grinding will be changed (Ref. ). If
these kinds of chang are common, the difference
between maximum and minimum rejection criteria
becomes the be t tool for detecting grinding damage.

But, if the maximum rejection criterion i u d.
these ty of chang will be flagged. U ing thi
type of rejecli n i preferred, becau it scan for
other changes in ping that could be potential
problem . Once a potential problem i identified, it
i then up to the proces engineer to revie the plots
and trouble boot the probable ca

For e ample, a gear i tested that indicate high
reading . The operat r ignal the proc engineer,
who requ IS that the gear be etched for further
analy i . The gear doe not have any vi ual indica-
tion of burn u ing the nital etching technique. The
proce engineer then evaluates the plots to find that
the maximum alu have exceeded the rejection
criterion, but the maximum-minimum rejection
condition' well within limits. The proce engineer

Refe n
then decid to have a hardness te t d ne. I. Fill. Robert M. "Application of Barkhausen ise

Th I..~..A__ ~ t i di lightl I hard Anal>:: i, (B A). A Review of Three Having lndu trial
IIWWIQOl t LO at a I y ower - Significance:' First International onference on Barkhausen

ness than usual. Thi may be the reason for the oi and Micromagnetic Te ting, September 1-2. J998,
Hannover. German .

increase in ignal. The proces engineer then deci 2. Griffiths. CA." 10 ing the Loop on Produ I Integrity on
Bearing. with 'Engineering Source Approval.": Published by

to heck the retained tenite level and to cut a sam- Split Ballbearing. Division of MPB Corp .. July 19 9.

I d i . the d th The ". di 3. Karpu hew ki, B. "Introdu tion to Mi romagnetip e an LOvengate case ep. resuns in cate Techniques:' First International Conference on Barkhausen
that the austenite levelhas decreased fromnormal I - oise and Micromagnetic Te ring, epternber 1-2, 199 .

Hannover. Germany.
el and case depth i cl to normal. The engineer 4. SUAGMA2007·B92, "Surface Temper Et h Inspection

After Grinding," February 1992.
conclud that the gears can be passed through quali- 5. Pro. Richard J. "Grinding Burn Detection During

Production sing Magnetic Barkhau en Noise
ty control, but the furnace houJd be checked and Mea, urements."Materials Evaluation, Vol. 45. o. 6, pp.
retained austenite level should be monitored. 610-612.

6. Seppi. Fred, "Finding ofBarkh usen oise Te IS LO Detect
As you can see from thi example, ucb a y tern Grinding Bum and Residual S~ in High Strength Steel."

He dquarte Ogden Air Logistics Center (AA-G. Hill Air
can be much more than a "grinder bum" detection Force Base,Oct. J. 19 6.
ystern. That i preci Iy why it I' referred to as a 7. haw. B.A., T.R. Hyde and J.T. Evans, "Detecti n of••••..• Grinding Damage in Hardened Gear Steel. Using

Barkhausen noise analy i sy tern. Barkhau noise naly i .' First International onference
on Barkhausen oise and. icromagn tic T ling. ptember

Other uce I pplicatio ofBarkhausen 1-2. 199 . Hannover. G nnany.
. Suominen. L.. K. Tiitro and R. Ehman, "Effects of

oise naly i Retained Austenite on the Evaluation of Grinding Damage by
Barkhausen Noise in Carburized Steels," Thirteenth Annual

Barkhausen noise M been ucce fully applied Conference on Properties and pplicationi of Magnetic
in many areas, of which grinding i the mo 1 wide- aterials, ay 17-JlJ. 1994.9. Wojta . A.S .. L. u minen, B.A. haw and J.T. van.
pread application. Other applications include "Detection of Thermal Damage in reel Components Afler

Grinding U ing the Magneti Burkhausen Nois Method."
detecting defect in hard turning and heat treating, First International Conference on Barkhausen Noise and

Micromagnetic Testing. September 1-2. 1998. Hannover.
measuring the effectiveness of hot peening, meas- Germany.
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uring re idual stresses. and predicting fatigue life.
Some example are detecting grinding damage on
cam lobe , crankshaft journal , racks and pinion .
bearing , and aircraft landing gear (even through
chrome; measuring hot peen ffectivene. on
welds; and measuring the effect of traightening on
cam. hafts and crankshafts.

Conclusio
Barkhau n noi analy i i a very useful tool

for rneasuring damage in ground teel components.
The principles behind the rn urement technique
are und, and application to measuring g has
proven 10 be not only useful f r determining the
amount of grinding damage, but al 0 as a trou-
ble h ting tool for process quality control.
Barkhausen noi analy i i mu h faster than th
exi ling method of nital etching, in addition to being
a uperior technique in term' of sen itivity to dam-
age and objectivity of results.

The measurement techniqueand software are very
user friendly.The ystem can save time and m ney in

tup and monitoring. as well as in troubleshooting.
When the Barkhausen y tem i fully impl mented,
etching faciliti can be reduced to mall quantiti for
use in a metallurgical laboratory.Overall it has been
hown that an aut mated Barkhausen noi analy i
y tern can effectively monitor undesirable urface

effec caused by grinding in a manner superior to any
other in an easy-to-use, cost-effectivedevi e that has
been hown to gi .e a return on in estrnent in as little
as three months. 0

Jeffrey S. Ceurter
Is a mechanical de ign en i·
n er for Hay . of 101: III . of
Fan Wonh, TX. He i respon-

ibie for II /'Ig AuwCad and
Pro/Errginur to create 1lt'1I'

designs arrd improve existing
designs of feed- and grain-
processing equipment, Pre-
vlou Iy. h worked for
American tres Technolo-
gi In. of Pittsburgh, PA. as
all application eng ill er:
While at A T, he learned
about the nondestructi .•.e I I-

mg field of mirroma nl'/i .
bl'comirrg an expert in oncl-
":ing microstructural varia-
uons in fummagn ti mal-
rials using Bark/rail en not t
analysis.

Chad Smith
i enior manufa turing engi-
II er for transmis ions lIith
Harley-Davidson MOlOr Co.
of Milwollkee, WI. He waS
respon ibl« for specifying.
implemenung, and support-
ing transmission-gear-manu-
facturing operations at the
company's polI'er train [acili-
t}' when Ih Barkhausen .f)'. -

tern was implemented. He
helped correlate Barkhausen
results with traditional burn
technique and bring the sys-
tem into producuon use.

Roy Ott
i a former manufacturing
engineer of Harley-Davidson
MOlor Co. He worked //I Ihe
company' tran mission gear
filii h grinding department
and wa involved in re /lnll
and comparing its nell'

Barkhausen system with nltal
etching, its then-establi. hed
inspection l1Iethnd. and with
mi rohardnes It'ftin/?



ISO 9001, ISO 14001 & QS 9000/TE Registered

PROCESS EQUIPMENT COIIIIPAN~



GEAR FUNDAMENTALS

I ee e Gear te
Review
Craig V. Darragh

The selecti n of th pr per steel for a gi en gear applicati n is
dependent n man fact r.. Thi. paper di cus . th many aspects
related to material. de ign, manufa ture, and applicati n variables.
Th re ults of se eral tudie n th optirnizau n f allo d ign
f r gas- and pla: ma-carburizaiion proc ing are reviewed.

Introduction
Impr ved performance and reliability at the lowest cost per

unit of life i a g al omm n t all industri s. It i espe ially
true for the autom uve, truck, nd po er iran mi i n indu -
trie . where system compri ed of gears. shaft, bearin .
pring, discs, hea e , r II r and/or other me hani aJ compo- crated? What h at treatment will be us d?

nent are being a ked to deli er higher strength and greater 3. How will a beneficial residual compres i e stress state be
power thr ughput while u ing rnaller, lighter weight d signs. generated in the contact surface regi n- ia heat treatment
The aim i. to achieve loom c mbinati n of weight a ing. and/ r pol-heat-treatment pr cesse ?
higher fuel ec n my,lo cr ehi Ie emi ins, decreased down- 4. What type of surface finishes and geometr (cont uring)
time and maintenance r quircrncnts, quiet operation and design aspects will be inv I ed?
fie ibility. he ,in turn, pr vide added alue in the f rm of 5. What lubri ant, temperatures, contaminants and loading
improved performance. manufacturability and life cycle c sts. (n minal and in tantane u ) mu t be considered?

ompreh n ive ppr ach 6. ill urfa e engin ring capabilities (fini he ,te tur ,c at-
Many fa t rs affect th ultimate performance of a component. ing.• etc.) be used.

The includ raw material. design. pr e inglprodu t and appJi- The' , are ju t a few f the application que tions. Many oth
cation variable bown in Table I. undou tedly h uld a ked. The erux is that the engin er must

ptirnizati n of the pr s. and produ t f ran gi en ompo- dra on th variou di. ipline to d sign a given m nent. On e
nent i mple and requires a c mpreh n ive interdisciplinary the que lions are an wer d, the material' engineer can provide a
ngineering approach. An erall concept is illu trated in Figure I. kn I dge-based rec mmendation for the material of ch i e to

The base fth performan e pyramid sh uJd be con idered for achieve the required manufacturability, performance and c st.
ea h component in a y tern. u ceo ful d sign depends on tem pgrading
quality engineering ithin and between di. iplin for any gi en This appr ach can be sequentially applied to each ornpo-
part. he metallurgical, mechanical and tribological aspects mu t nent in a ubassernbly or full y tem. The engine ring team can
alJ be can id red. Proce and product fa tors are e tremely inter- determine which c mponent is the "weakest link." That pan can
dependent. n begets and/or depend nth other. then b upgraded. Obviouslv, omc other component will then

When de igning a c mponcnt, the engineer doe not sirnpl become the weakest link. By it eraii Iy tepping thr ugh the
begin in the material column and lect a grad with cert in attri- component the. stem can be c ntinuousl impr cd,
bute . Rath r.• everal important questions must first be asked: Most automotive transmis:i n model will be cxpc ted to
I. What are the application rigor. the component must endure? double in power throughput capacity from one us ful lifctirn t
2. H will the part be mad? How will it ba ic form be gen- the ne l. Teamwork bel een the metallurgical, me hanical and
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tribological team members can readily achieve uch require-
ments-and, oftentime , more.

Engineering dvancements
Fortunately, technical advance in each of the e areas have

been occurring for many years. The ub equent portion of thi
paper will review some of the specific improvement. related to
gear steel and their thermal proce ing.

teel Cleann
This factor head the material listing becau of its funda-

mental importance. It i the foundation upon which high per-
formance can be built. It is generally well accepted that fewer
and smaller inclusion tran late to longer life relative to ub ur-
face initiated fatigue.

Today' clean steels have resulted from many improvements
in steelmaking practice .. The melting furnace i ba ically u ed
to provide liquid metal. Secondary metallurgical technique in
ladle refining and teeming practice have become the key ele-
ments. Important factor include degassing and deoxidation
practices temperature control, inert ga hrouding, improved
refractorie and the u e of bottom-poured ingot or ignificant-
ly improved tundish sy terns and large cross-section continuou
caster (Ref. I). It i especially important to prevent reoxidation
during teeming/casting and any type of exogenou inclu ion
(Ref. 2).

Continuing advance in internal quality have re ulted from
the ability to accurately measure the internal cleanness over a
ignificant volume of teel. Hi torical te t method, uch

microscopic evaluation, magnetic particle te ling and oxygen
analy i , are valuable tool. But they are not capable of truly
distingui hing relati ve difference in very clean teel.
Ultrasonic te ting has proven to be the critical tool. It ha the
ability to ample ufficient volume and the ummed length of
inclusion per unit volume can be correlated to fatigue life. Thi
i iIIu trated in Figure 2, which depict the improvements real-
ized in rolling contact fatigue life 0 bearing a change in
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Figure 1-The Performance Pyramid. Beginning with the base (Table
1), the individual components can be optimized. Subsequently, by
moving up the pyramid, a system can be optimized.
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GEAR FUNDAMENTALS

melting practice created cleaner teels, The c1eanne has been
improved by four order of magnitude while the life ha
improved more than two orders of magnitude.

he compo itions and morphologie of any inclu ions pre-
ent are al 0 important. The work by Stover and Leiben perger

(Ref. 2 and 4) found alumina-type tringer oxide' to have the
greatest detrimental effect on contact fatigue life. Sulfides can
become operative once the oxide cleanness is very good (Refs.
4 and 15). Other work (Ref. 5 and 6) i corroborative in how-
ing lower ulfur level and/or hape control of ulfide to be
beneficial to fatigue life, The e works show this i true for ev-
eral type of fatigue.

While c1eannes i critically important it is crucial to recog-
nize that c1eanne alone cannot guarantee specific per-
formance. Fatigue i a tati tically-ba ed phenomenon between
competing mode of damage. if condition uch a poor/improp-
er lubrication, contamination misalignment, poor geometry.
design or finish, etc. are pre ent, the effects of clean teel may
not be realized. However, as uming that ound engineering and
manufacturing principle are followed to avoid or minimize ur-
face-initiated fatigue modes, then clean teel i a nece sity,

Thi i illu trated in Figure 3, which shows the interactive
effect of urface finish and c1eanne on gear bending fatigue.
Steel A is a very clean bottom-poured material while Steel B j

typical of an average bloom-cast material. Thi gear set wa
de igned 0 the pinion would fail due to bending fatigue. The
re ult trongly illu trate that the full advantage of clean teel can
be realized when surface initiation factor are minimized (Ref. I).

lloy Design for Carburized Gears
Intergranular oxidation (IGO) at the surface grain boundaries

i an important i ue for components that are conventionally
ga -carburized, It i e pecially important for gear. Bearing
manufacturers enjoy the benefit of grinding all contact urface
and many non-contact urface. As a con equence, the IGO and
the u ual concomitant nonmartensitic transformation product
(NMTP) microstructural layer are removed; but, in gearing, the
flank and e pecially the roots of the teeth are often not ground.

Fortunately, two method exist to help combat this issue in
gearing: alloy design and plasma carburizing.

Alloy de ign can be a very effective method to virtually
eliminate IGO MTP during conventional gas-carburizing

1e
"0

j
:!
:S
!l:f

- 10.0001 0.001 0.01 0.\ 1
Total length of Inclusion 5lringen (mm/anl)

Figure 2-Cleanness and rolling contact fatigue life improve-
ments as steelmaking practices have changed.
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(Ref. 7-14). The approa hi based on th 0 idati n p tentiah
of the alloying element (Ref. 7) which ar h wn in able 2.

Alloying elements with affinities for xygen greater than that
of iron . e) can form oxid , in the urfa e regi n, particularly in
the grain boundarie . A a con equence, th y are removed from
the matrix and their hardenabiliry effect rrc pondingly mini-
mized. The xidized layer i often onfin d t I 20 microns;
but, the ass iated MTP layer can be . ignificantly deeper (Ref.
7 and 13). Importantly, element with affinitie for 0 yg n Ie
than that of iron are n to Jdized and their hardenability effe I i
not lo t: hen e, the alloying approach h wn in Table 3.

In thi. approa h. sili n (Si) i quit important. ince it forms
the greatest am unt of 0 ide to the d epe t d pth (Ref. 7 and
13). The oxides of mangane. e (Mn) and chromium (Cr) f rm
do. er to the surface. with th chromium 0 ide. being the, hal-
lowe t. any are c mpound oxide. . ellent de cripti e work
may be found in Reference. 7,8,9. II and 12. Pho ph ru (P)
and ulfur ( ) are controlled due to their inherent effect- on
toughnc .. Hyde demonstrated the ff t ph. ph ru. on bend-
ing fatigue, as h wn in Figure 4 (Ref. 12). Ba ical! ,it i uffi-
cient to maintain P < 0.015%. which can be readily achie ed.

ulfur i a prim e ample of an element where C n ideration
mu t be gi en to all proce ing nd produ t fact r.. F r e am-
ple, low ulfur i ery d irable for tou hne s, f rmability, and
fatigue re i lance. But, high r ulfur i ften quite nece ssary for
machinability. Thus, the engine r mu t weigh all c mpeting
requirements when e tablishing an alloy ppr a h. This i true
for all the element. All th produ lion and application factors
mu t be con sidered, If an element i low red for ne reas n, but
it has a de ided effe t n ther fact ,th engineer must find
an approach to replace its effect.

olybdenum (Mo) play. a crucial role. It d not oxidize
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Figure 3-8ending fatigue durability results from 4" forged hypoid
pinions using four-square dynamometer tests.
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and therefore remain in solution to maintain the surface hard-
enability. Import ntly, it maintain the martensitic urface
micro tructure and beneficial residual compres ive tresses,
lncrea ed molybdenum contents arc required if ilicon andlor
manganese and/or chromium arc lowered. Molybdenum play
the crucial role along with nickel (Ni)-if utilized-of replacing
the corresponding hardenability 10 . (It i important to note that
nickel is a de irable element for both hardenability and tough-
ness. However, its u e is often minimized by request due to 0 t
consideration .)The effect of silicon 10 on hardenability i oflen
greater than commonly expected 0 that m Iybdenum need to
added to compensate for the hardenability 10...

The effect of IGO MTP ha primarily been noted on th
bending fatigue resi tance of gear teeth (Ref. 8-15). The fatigue
resi lance i lowered by three main effects: a) formation and
effect of the grain undary oxide, b) a lower- trength TP
urface micro. tructure, and c) a corresponding 10 of urface

Ie idual compr ive tre se (Ref. 8,9, II. 12, I3 and 14).
Bending fatigue work undertaken in Reference 9-11 wa

directed at determining the relative importance of these effect. .
Several of the findings are reviewed below. Each of the e lud-
ic involved the arne two teels: an 8620 m dified (lower sili-
con) and a 46]5 modified (higher molybdenum). Their compo-
.ition are hown in Table 4. While viable gear teel ,neither i
optimum to prevent aJl of the above effects. While newer alloy
de igns have proven better, the re ·ult. de cribed below remain
valid and form the basis for additional work.

Both steels heat-treated very similarly. be ca e hardne s
profiles were similar, and the case micro tructure were marten -
ite with approximately 25% retained au tenite. However there
were difference at the a -carburized urfaces. The 8620 modi-
fied exhibited IGO (manganese, chromium oxide near the ur-
face; iron, silicon oxide at deeper depth) with ignificant cor-
re ponding NMTP formation (primarily pearlite with mailer
amount of bainite) (Ref. 9). The 4615 modified, owing to it
higher silicon level, al 0 exhibited 100 (mangane e, ilic n
oxides) but-due to it higher level of molybdenum and nick-
el-maintained the hardenability of the urface matrix and did
not exhibit any MTP microconstituents. A a re ult, the teels
exhibited the re idual tress profiles hown in Figure 5 (Ref. 9).
The specimens that were glass-bead cleaned after heat treat-
ment, were tested in four-point bending rigs devi ed by ord
Motor Co. per nne I, described in S E960977 (Ref. 9). The
re ult are shown in Figure 6.

Analysis of the re ult by Dowling uggested the differ-
ence in endurance limits was due ==50% to the better re id-
ual compressive tre tate in the 4615 modified and ==50~
due to the lower- trength MTP urface layer in the 8620
modified (Ref. 9). It i important to note that both reel

10;ydes 10 Foilur~()I Il)I 11)1 exhibited IGO of imilar depth, and thus the initiation of
•• No. 960977 4:>1996SAE Inlernational. fatigue via thi "metallurgical notch effect" i as umed to be

Figure6-Bending fatigue behavior as carburized (Ref.91. irnilar. Apparently, the better re idual tress tate, plus high-
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Figure4-Eftect of phosphorous on bending fatigue (Ref.12).

Table 4-Chelmcal CompOSItIOn of Steels In IGO/NMTP Studies

Steel Type C Mn P S Si Cr Ni Me

4015 Modified 0.16 0.52 0.010 0.015 014 0.12 1.75 0.54

8620 Modified 011 0.92 0.014 O.on 0.11 0.50 0.38 0.16

wo

·600
461SM Clean

·800
lifl lot

Depth lmml

Rep.h"ed with permission f,om SAE Paper No. 960977 Cl1996 SAf Inl•••• ~onal.

Figure5--Residual stress distributions in the gas-carburized bendin
fatigue specimens, both before and after glass-bead cleaning (Ref.9).
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er tr ngth of the 4 15 modified' urf e. d lay d initiation
to high r II level.

Th am tw reel were al test d in full planetary
gear sets in E96097 (Ref. 10). Th result. ere similar.
The 4 I m ified' performance wa appr imately 20%
higher than that of the 8620 modi led' .

Pia ma- arburiz.ing ffe t
s mentioned earlier, another method f pre enting the effects

of 1 n gear nding fariguei t utilize pi srna arburizing
roth r than c nv nti nal g -carburizing. third tudy w cOD-
du t d in \Ii hi ·h th sam two mat rial \I. re th~· -carburized
and plasrna-carburized, Details are in R fe n e II. The re .idual

stress profiles fth f UI IS are h wn in igure 7. and the f ur-
point bending fatigu data are .h wn in igure . ln this rudv,
n ne f the pecimen gl -bead cleaned.

It i important t note: When pIa rna-carburiz d. neither leel
exhibited any M and only a few mall 0 ide particle (iron,
chromium id s) were found at the very urfa e of th 62 mod-
ified. c n uen e. the re idual tat and endurance
limits the two pecimen ere irnilar, I .th two pi -

I y a

www.faessler-ag.ch

rna arburized. ts ere both ignifi antly better than th gas-car-
burized 620 m died (whi h showed signif ant [ and MTP.

ith a c rrespondingl rer re idual . Ire tate).
The gas- ar urized 461 modified pe im n till had the

be I re idual tr ondition and c rre nding nduran limit.
hi. may be the result of a thinner case depth profile in the gas-

carburized 4615 In dified. Res archers at lima M lyhd num
o. (Ref. 8) ha shown there i an optimum ca•• d pth to max-

imize th re••idual c mpre i e tre tat and thu rna irnize
perf rman e.

Ho r, re nt w rk at the ni ersit 0 wea tie
England) f; und .irnilar result betwe n gal- and pla, rna-car-

burized . pccirncns Ref. 16). In addition. w rk b rauss als
. h wed differences in the "ding enduran limits, T3U

c nclu i ns suggested a relation hip 10 gain size and th
amount of retain d austenite in the gas and plasm: pecimen
Ref. 17). hi' phenomenon de erves further. tudy.

orroborative tudl
MTP tudie reviewed above have n c rat-
d Irani (Ref. 12 and 13) and rec nLlyby h w,

n
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Figure 8-Bending fatigue behavior for gas- and plasma-carburized
specimens (Ref. 11),
Hofmann, and Evans (Refs. 14and 15).Both have documented the
fractography of the initiation and propagation stages of bending
fatigue and have studied the effects of additional re idual stress
enhancement (e.g., peening, grinding, superfini rung, etc.).

A Shaw and Hofmann note, "bending fatigue can be con-
trolled through improved surface quality, teel quality, and con-
trol of the residual stres state" (Ref. 16). A this paper indi-
cate, uch a pects can be engineered via different methods.
These methods allow the initial product and proces designers to
choo e how to be t produce a gear for a given application.
Integrating the important variables from Table I with the vari-
ous di cipline , the engineer can determine how the gear mate-
rial and proce sing should be designed.

Summary
The proce s, product, and performance characteristics of

mechanical sy terns' components are dependent on many vari-
able related to material, design, process control, and applica-
tion requirements. Application engineering i a complex exer-
ci e that must weigh and counterbalance many competing
i ues. Fortunately, today', steels and many of the processes can
be engineered to achieve maximum performance, Clean teel
forms the foundation upon which to build. Knowledge of the
40 NOVEMBERIDECEMBER 2002 • GEAR TECHNOLOGY. www gearlechnology.com • www.powerrransm;sslOn.com
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Figure 7-Residual stress data for both gas- and plasma-carburized
bending fatigue specimens of both steels, 4615M and 8620M (Ref. 11).
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requirements for forming, machining, and heat-treat response
can then be combined with manufacturing and application
requirements to design the steel composition.

Details of one a pect, control of IGolNMTP relative to bend-
ing fatigue, were reviewed. if gears are ground in the root and
on the flanks, this is ue is moot. If the root are not ground, then
alloy de ign or plasma-carburizing i a viable solution. If the
flanks are not ground, it i advisable to minimize IGof MTP
effects a they will likely decrease contact fatigue resistance.

The use of an interdi ciplinary concurrent engineering
methodology and the performance pyramid, hown in Figure I,
permits individual components and/or their overall systems to
be optimized relative to propertie ' performance, reliability,
quality, and cost. 0
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Samputensili and Seiwa Merge
Sales and Service Activities

ampurensili S.p.A. of Bologna,
ItaJy, and Seiwa Corp. of Shirnane,
Japan. agreed to con olidate the. ales
and service activitie of their compa-
nies.

In Japan, Seiwa will exclu ively di -
tribute and service all Sarnputen iIi
rna hine tools under the brand name U
SEIWA. urthermore, Seiwa will repre-
ent Samputen iIi Cutting Tools in
outhwe t Japan.

Existing SU Japan location will
continue to distribute and ervice
Samputen ili cutting tool throughout
the re t of the country, in collaboration i
with Seiwa. I"",'

Sarnputensi li wi II distribute the
Seiwa hob resharpening and honing
machine tools under the S SEIWA!
brand name through its sales and servic I
network in urope and the America . !

Publication of BGA Handbook I
The Briti h Gear Association of I

Gleason Corp. Names CEO Burton-on-Trent, U.K., ha publi hed its I:,,'

David J. Bum wa named CEO of 2002 buyers guide and member hand-
Glea on Corp. of Rochester NY. He book. i
replaced James S. Gleason, wbo The book can be purchased for 10£ j
tepped down from that position after (approximately $6.42) from the BG. i,1

21 year. For more information, contact the !
Burn has worked in num rou depart- BG by telephone at (44)(1283) 515-521 I""""

men at Gleason in e he tarted with the or on the Internet at wwwbga.org.uk: Birchmere Capital L.P. and Wilder
company in 1978. F r the p, t three years. Deem Appoint New President
he has served as pre ident and COO. United Grinding Acquires Ewag USA i Ian Sadler was hired a p ident of
Among his accomplishments are the open- All operation of Ewag USA of I Birchmere Capital L.P. of Pit burgh. PA,
ing of a new machine tool factory in North Kingstown RI, will be merged .1 and Wilder Deem of New Y, rk, Y.
Roche ter and the negotiation of two into th se of United Grinding Tech- Previously, Sadler served as presi-
major acqui itions in Germany, according nologies Inc. I dent of the Pennsylvania Foundry
to the company' pre release. Ewag, currently in the busine of I Group. a divi ion of tchi n Casting

Burns is the third EO out ide the producing tool-grinding machine and Corp. of Atchi on, K .
Gleason family in the company' se en- centers, will be cia ified as a GT In April 2002, Birchmere apital and
CEO hi tory. produ Idivi ion that pecialize in tool- Wilder Deem bought Miller enrrifugal

Jame Glea Oil will continue a and cutter-grinding machines. Thi . divi- Ca ring Co., which patented the bimetaJ-
chairman. ion will be ba ed in Miami burg, OH. lie casting proce sued in the worm gear
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INDUSTRY NEWS

New Appoi tmen 5, New
Ash Gear's General

Manager Dies
Thoma A. Burkhart. general

manager of A. h Gear & Supply,
died Aug. 3 of cancer. He was 64
years old.

Mr. Burkhart started work at
A h Gear of Novi, MI. in 1975. In
1977, he created Ash Gear's first
product catalog.

Mr. Burkhart was born May 19.
1938, in Grosse Pointe Farms, M1.
He graduated with a bachelor's
degree in buines administration
from West Jefferson College in
Pennsylvania. In 1962. he started
in the gear industry in Detroit, at
Michigan Tool. a division of Ex-
cell-a. and rose to the position of
office manager.

Mr. Burkhart worked the past
18 years with hi daughter. Patricia
Burkhart. Ash Gear's purchasing
coordinator.

ublica ions
The rest of Ewag' business activitie
will be integrated into the GT true-
ture a" well.

With headquarter in Miamisburg,
OR. UGT offer grinding solutions for

ariou type of part -manufacturing
application, including urface, profile,
creep-feed and cylindrical grinding,
including J.D., O.D.. centerle and
superfinishing.

Term of the merger wiII be com-
pleted by January I.

Bodycote Opens North American
Service Center

Bodycote Thermal Pro e ing
opened a facility in Boaz AL, for case
hardening of au tenitic stain! 5S steel.

The treatment process, called
Kolsteri ing, can be u ed in applica-
tion uch as manufacturing of com-
mercial equipment and automotive
component. nder this treatment, car-
bon is diffu ed into the workpiece ur-
face without the formation of chromium
carbide.

Previou ly, the treatment wa only
available from Bodycote' facility in
Apeldoom, ether! ands.

Paul Dymond will erve a N rth
American bu ine . development man-
ager for the new operation.

http://www.gesrtechnologY.com
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bu in . A foundry, Miller entrifugaJ
is located in Cecil, PA.

adler ha worked in management
po iti n in quality c ntr I. production
management and financial turnaround
for 0 years.

With a graduate degree in metallur-
gy h h rved as manager of metal-
lurgy and quaJity c ntrol f: r lJ. . teel,
vice pre idem of metallurgial ervic
f r ati nat Roll Co. and i c president
of quality as uranc for Blaw Knox

011. urrently, Sadler erves as pre i-
dent of the Iron and teel ociety of

arrcn ille, PA.

NEMA Revises Condensed
Motors and Generators

Standard
The National Electrical Manufac-

turer ociation ha condensed MG
1-2002. Information Guide for General
Purpo e Industrial Small and Me-
dium quirrel-Cage Indu tion Motors.

ew in this revi ion i information
about the NEMA Premium mot r effi-
ciency tandard, according to the as 0- •

ciation' pre release.
The e type of mot can be u ed in

indu trial, commercial or military appli-
cati n .

New Business Development
Director Named at
HI TecMetal Group

harle Riggin was appointed as
director of new bu ine d vel pment at
Hl ecMetal Group of I veland, OR

With more than 35 ye 'e perience
in OE marketing nd management
discipline, Higgin mo t recently
worked with a remanufacturer of mate-
rial handling and con truction equip-
ment dri eline component .

Gleason Cutting Tools Expands
Gear Shaper Cutter Line

Glea on Cutting Tool Corp. ha
expanded it gear haper culler line with
the in tallation of new ~ rm grind-
ing equipment at i facility in Love
Park. lL.

INDUSTRY NEWS

Ace rding to the ompany' pre
release, thi. technology will en ure
higher level of accuracy in manufac-
turing mall hanks and pecial form
as compared to typical manual machine
proce e.

• Innovative engineering and
design

• High quality manufacturing
• Rapid r ponse and unmatch d

customer rvice and upport
• Broadest range of capabilltie

in th industry
-the latest in manuf turing
machinery / machine 00

-all typ and tzes of g
• Comp titive pric
• D pendabl dellv ry

FAIRFIELD
GEARED FOR EXCELLENCE
Fairfield Manufacturing Company, Inc.
U.S. 52 South, P.O. Box 7940
Lafayette. IN 47903·7940 USA
Telephone (765) 772-4000
F~(765)772-4oo1
www.fairfieldmfg.com

N"'~A....--~-0..... ...w~
Contact us now
for full-service
gear solutions .
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PRODUCT NEWS

New Engineered Iron from
Dura-Bar

Dura-Bar Plus is a material that opti-
mize machining peed and feed, max-
imizes tool life, decrease downtime for
tooling changes and reduces 'crap,
ace rding to Dura-Bar.

ccording to the company's pres
relea e, cu tomers report turning the
product at roughing peed up to 2200

surface feet per minute u ing 65-45-12 (815) 338-7800 or on th Internet at
rr n. www.dura-bancom.

Additionally, the product can cau. e
Ie tool wear at higher machining
peeds. Iron are available in round bars

in diameter of 5/8-20". Squares/rec-
tangle can be obtained in size up to
18.5" x 22".

or more information, contact Dura-
Bar of Wood tock, IL, by telephone at

I
!

I
]
i
I
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--precision throughd-amond---

PATENTED PCD REINFORCING
FOR DIRECT PLATED DRESSERS

We will desrqn. build and guarantee from your gear summary charts gear dressers for
Reishauer SPA and Fassler DSA Systems-Direct-Plated or Sintered-Bond Single- or
Double-Sided Dressers.

WE also produce
gear dressers for
• Gleason TAG

Gleason Pfauter
& Gleason Phoenix

• Liebherr
• Klingelnberg
• Oerlikon-Opal
• Hoefler
• Hurth

• Kapp
• Niles
• Samputensili
• Mikron
• Maag
• Csepel

We offer our customers
• Highest Accuracy • Competitive Prices
• Fastest Delivery • Relap & Replating Service

Call or fax us your gear dresser requirements.
You will quickly discover what leading U.S. gear producers have learned.

DR. KAISER gear dressers are the best value available.

Distributed by:

S.L.Munson
~ Company

401 Huger sr. Columbia. SC 29201
Phone: 1-800-775-1390 • Fax: 1-803-929-0507
E·mail: inlo@slmunson.com

New Family of Analytical Gear
Testers from Gleason Mahr

The GMX275 is the first in a new
series of analytical gear Ie ter called
the GMX series from Gleason orp. nd
MahrGmbH.

According to Glea on' pre re-
lease, the te ters are de igned t d liver
elementary mea urement of internal and
eternal cylindrical ge ,bevel gears
and gear tool .

he te ters can perform gear tooth
and flank form audit or elect te ling for
bevel and cylindrical gears u ing a in-
gle fixturing setup. Additionally, th y
u e a four-axis inspection ystern with
direct-driven worktable for high accel-
eration and accurate po iti ning.
Feature include variable peed control,
interchangeable live center and con-
tant clamping force.

or more information, contact
Glea on Corp. of Roche ter, NY, by
telephone at (585) 473-1000 or on the
Internet at www.gleason.com.

New Coating from 10nBond
The Maximizer i a new coating from

IonBond for u e by the round bank, gear
tooling and hobbing markets.

mailto:inlo@slmunson.com
http://www.gleason.com.


A multi-layered AITi coating, the
product let u ers accelerate feed and
peed , enhance protection from heat

and wear and improve edge protection
and performance over TiC and Ti ,
according to IonBond' pre release.

In hobbing applications, the coat-
ing' oxidation thre hold can reach
1,6OO°F.

For more information, contact
lonlsond': Detroit Coating enter by
telephone at (248) 398-9100 or on the
Internet at www.ionbond.com.

New Gage Products from
M&M Precision

The DOP-150 and the mini-man roll
te ter are included in the new line of
functional gage product from M&M
Preci ion System' Corp.

The DOP-150 pro ide a universal
comparator package that can inspect
internal and external gear and pline.
The pa kage i 150 mm in ize and can
accommodate external parallel axi
gear to 6" in diameter and internal
gears and plines to I" in diameter.

The mini-man roll te ter i. a com-
po ite action, double-flank gage de-
igned for direct hop floor u e. Thi

te tet can a ommodate up to a 6" cen-
ter distance. er can choo between
traditional hand rotation Of a crank
mechanism.

For more information, contact
M&M Precision Sy tern Corp. of
Dayton, OR by telephone at (937)
859-8273 or on the Internet at
www.mmprecision.com.

New Quick Change System
from Positrollnc.

The new Chuck-Change Sy tern
from Po itrol Jnc. can be in talled on
lathes, grinder" gear hobbing machine
and machining center.

Designed for multiple workholding
changeovers on an individual machine,
the system can redu e etup for mall
lot run and can allow for maximum
cheduling flexibility,

With the ability to mount on most

PRODUCT NEWS

machine. pindles, the product includes
a pecial y tern receiver with a draw-
tube connection that become an inte-
gral part of the machine spindle,
according to the company' pres
release. Sy tern adapter are then filled
to the range of workholding device
needed for the product mix.

With thi receiver/adapter sy tern,
changeovers are performed by relea jog

cams, pushing the release button, rotat-
ing the device counter- I kwi and
removing the workholding d vice from
the recei vet.

For more information, c ntact
Po itrol Jne. of Cleveland, OH, by tele-
phone at (513) 272-0500 r n the
Internet at www.eworkholding.com.

ow
U AV

HERCHO C
and it's made in AMERICA!

••

A/W Systems Co. announces thaI it is now a
manufacturingsource of spiral gear roughing
and finishingcutters and bodies.

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

ANI can also supply roughingand finishing
cutters for most 5'-12' diameter bodies.

Whether it's service or manufacturing,con-
sider us as an alternative source for cutters
and bodies.
You'llbe in for a pleasant surprise.

NEW! Hob and Shaper Cutter Resharpening
is now available at AJW Systems Company RoyalOak, Michigan48067

Tel: (248) 544·3852 ' Fax: (248) 544·3922
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__ PRODUCT NEWS

New Rack and Pinion System
from Alpha Gear Drives

Acc rding to alpha gear drives Inc.,
it new preci ion rack and pinion ys-

tern offer maximum po sible feed
dynamic with hort acceleration time
becau e of i compact de ign and low
rna moment of inertia.

The company added that all rack and
pinion mounting urface are ground to
tight toleran e , providing u ers with
flexible mounting options. Standard
rack Icngth of 167-500 mm are avail-
able. Load capacities up to 13,000 N are
available.

For more information, contact alpha
gear drive Inc. of Elk Grove Vil-
lage, IL, on the Internet at
www.alphagear.com.

Two-Speed Gearboxes from
Andantex

Andantex introduced a erie of two-
peed gearboxe that provide peed

and torque ratio required for a range of
production a ignments,

By augmenting the late t spindle
drive motor technology, the RAM-MSD
enables machine to keep pace with any
pindle requirement, according to the

company's press relea e. The units
mount in-line between the water-cooled
motor and the spindle inside the
machine tool's RAM.

dditional feature include a hollow-
through bore, low backl b and planetary
gearing to facilitate low vibration.

For more information. contact
Andantex USA of Wanama a NJ, by
telephone at (800) 713-6170 or via e-
mail at in!o@anaanlex.com.
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PRODUCT NEWS __

ew Planetary Gearboxes from
Bosch Rexroth

The new GTM planetary gearboxe
In unt to servomotor for high preci-
ion application and can be u ed in

fa tory automation.
According to the company' pre

release, the small internal cavity of the
gearbo reduce noi e 0 the product i
rat d up t 10 dB lower than it nearest
c rnpetitor,

Another produ t feature i the cold
fusion process between the coupling
and the sun gear that allow high emer-
gency-. top torque for afety and relia-
bility.

For more information, conta t
o ch Re roth Corp., located in

Hoffman E tate , IL, by telephone at
( 47) 645-3747 or on the Internet at
www.boschrexroth-us.com:

New Gearmotor from Sumitomo
Machinery

The A tero gearmotor line from
Sumitomo achinery Corp. of America
is designed for small conveyor, com-
mercial and packaging machinery
application .

ailable from 6-90 watts, the gear-
moto con i t of a die-cast aluminum
hou ing and teel gears. According to
the company' pre relea e, a two-
piece a embly (reducer-motor) i
included for enhanced fle ibility. The
gearmotor have reduction ratio fr m
3: I to 200; I.

Additional option include a brake
pack and speed controller.

For more information, contact
umitomo achinery Corp. of

Ameri a, located in Che apeake, VA,
by teleph ne at (757) 485-3355 or on
the Internet at www.smcyclo.com:

Advanced Gear Design Cour eI~.' I PmHn,.d by Th. Ohio State Un'•••• 'ly 100,".'I
~ January through March 2003 SD\1E

Instructor: Or. Donald R. Houser
OPEl TO R VIA VIDEO ORRE PO DE

This COUI'>ewill provide a urvey of techniques for de igning pur and helical gears.
Computer program will be introduced that perform analy c that traditionally are
performed in an empirical manner,

., Dudley's Approach to Gear Design

., Learn OSU Programs for Load Di tribution, Root Stres • and Dynami

., AGMA Gear Rating

., oi e Analysi

., Several G ar Design Exercises
'" OSU - Run Many Case Design Approach

ethod of In truction

• Video Tape of Regular OSU Graduate CIa
• Tapes Sent 10 Student in Industry
• Industry A signmcnt elayed One Week

3 Quarter (2 Semester) Credit Hours - Also Available for Audit

Te tbook: Handbook of Practical Gear Dc ign by Darle Dudley

For Registration and Pricing Information, Contact D. Houl r at
Phone: (614)-292.-5860 Fax: (614)-292-3163
E-mail: houser.4@olu.edu Web: http://www.gearlab.org!
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relloms
For Genuine Fellows
Shapers, Parts, Service and

RemanufacturinglRetrofitting;
Call Bourn & Koch.

The move is complete!
All manufacturing will be done

in our Rockford, IL facility
to better serve your needs.

BOUR
&KOCH

2500 Kishwaukee Street Rockford, IL 61104
phone 815/965-4013 fax:815/965-0019

www.bourn-koch.combournkoch@worldnet.att.net
(800)922-8808 Springfield, VT Office

AUTOMATIC
INSPECTION
'.:. . .. from the Source
Since 1936 'has provided the gear industry

with gear inspection devices. Put your trust in the
people who invented the process.

Automatic Functional Gear
."..-tlon In·line Gages

PllOOOCTS AVAILABlE:
• f<Jly Automatic Moc/ljoo,
• semI-Automatic: Maet'llnes
• Manual Double Flank Testers

for COU15i) and Fine PItch ~
• DimenskJn over Pi"I!./Ba\ts. Gage

FWUIl£S:
• Composite GagIng
• Cornpo:slta/Center Detooce creces
• leadlTopef Checks
• SPC CopoblhtJes
• Data Acqulsttion Screens

For additional informotion on ~
BwnfshllJll and/or Functional fltiIC

lnBj>ectlon visit our websire or:
www:itwgears.com

I Heartland
120536th~W,"I

AtflxandllR, MN 5630& USA

"'" (320)76a782
Fax (320) 762-5261)

E·malI: ~lwgearsOrea-atp.com

____ TECHNICAL CALENDAR _

ovember 6-Mechanical Drive Systems-Problems, Solutions
and Instrumentation for Rotating Machinery. The Riverside
Hotel, Burton on Trent, UK Sponsored by the Briti h Gear
Association, the seminar will cover the dynamic of haft-mounted
gearboxes, the effect of coupling characteristicson dynamic gearbox
torques, and torsionalresonances in geared drives and instrumentation
systems for rotating machinery. 117£ (approximately $75) for BOA
members, 176£ (approximately $113) for nonmembers. For more
information, contact the BOA by fax at (44) 12-835-158-
41 or on the Internet at wwwbga.org.uk:

ovember 12--Manufacturing of Powder Metal Gear.
Hilton Northbrook, orthbrook, IL. This event focu e on
inve tigation of gear-processing problems, advance in heat
treating and induction hardening and near-net haping of gear.
$495 for SME members $595 for nonmember. For more infor-
mation. contact the Society of Manufacturing Engineers by tele-
phone at (800) 733-4763 or on the Internet at www.sme.org.

November 13-14-Advanced Gear Processing and Manufac-
turing with Tabletop Exhibits. Hilton orthbrook, orthbrook,
lL. Sponsored by the Society of Manufacturing Engineers this
program analyze the i sue in proces ing and manufacturing
high-quality gears. $795 for SME members, $895 for nonmem-
bers. For more information, contact the SME by telephone at (800)
733-4763 or on the Internet at www.sme.org.

ovember 17-22--Ioternational Mechanical Engineering
Congress & Exposition. New Orleans HiltonlErnest . Morial
Convention Center, ew Orleans, LA. Sponsored by the
American Society of Mechanical Engineer, attendee can par-
ticipate in 30 e ion in area such as aerospace, design engi-
neering. heat transfer, applied mechanics, fluid engineering and
noise control. $550 for ASME member, $750 for nonmembers.
For more information, contact the ASME by telephone at (212)
591-7037 or on the Internet at www.asme.org.

January 6-Advanced Gear Design. Ohio State Unive ity,
Columbus. DH. Open to engineers in the industry via video corre-
spondence, this IO-weekcourse is a survey of advanced technique
for designing spur and helical gears. Topic include trength of mate-
rials, lubrication, vibration, dynamic, manufacturing and in pee-
tion. The course ends March 14. $1,900. For more information, con-
tact the Gear Lab at Ohio State University by telephone at (614)
292-5860 or on the Internet at www.gearlab.org.

Tell Us Whit You Think ...
Visit www.••• mtcIHro/ogy.comlo
• 1IIt. this col••
• Requtst.r. information
• Contactthe org.nizldlols m8lllioned
• Mak. a suggHlion
Orcall (1471437-84 to talk to 0. of our .diton!
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H E).P \VANTED
Marketing VP

Large Manufacturer of Gearboxes is
looking for a marketing specialist to
organize sales network in North
America. Please send your resume and
salary history to Fax#412-7B7-2270.

HE).P \VANTED

IMKEMidwest. progressive gear manufacturer
with state-of-the-art facility is seeking the
following:

GEAR HOBBING TECHNICIAN
Requires 3 years' experience in setup &
operation of fine- and medium-pitch, modern
CNC gear hobbing machinery. CNC gear
analytical inspection experience desirable.

MANUFACTlJRING SPEClAUST - GEARS
As a worldwide leader in highly engineered
bearingsand alloy steels,The limken Company
serves every major manufacturinq induslJy.
limken serves some 24,000customers around
the globewith salesof $2.5billion.

This position is in The limken Company's
Precision Steel Components Business in
Canton, Ohio. The Precision Steel Com-
ponents Business manufactures precision
annular components for the automotive,
industrial and bearing markets. As a result of
its continued growth, the Precision Steel
ComponentsBusiness needs an experienced
Manufacturing Specialist to lead the devel-
opment and implementation of manufactur-
ing processes for gears and related compo-
nents. This position will have responsibility
for directing large capital projects from con-
cept through implementation and for leading
manufacturing development teams.

Please send your resume to
crumkesp@tjmken.com if you possess a
BSME or MSME and have 8 or more years of
related manufacturing experience. Signifi-
cant expertise is required in developing and
implementing manufacturing processes for
gears and related components, preferably
for automotive driveline applications.
Knowledge across a wide breadth of manu-
lacturing processes is required: forming,
machining, broaching, hobbing, Shaving,
heat treating, grinding, and honing.
Experience in gear and gearbox design,
along with product testing, would be a plus.

We offer an attractive benefits package that
includes medical, dental. life insurance,
vacation, paid holidays and profit sharing.
Please send resume to:

Forest City Gear
P.O. Box 80
Roscoe, IL 61073-0080
Phone: (815)623-2168
Toll Free: (866)623-2168
Fax:(815)623-6620
E-mail: mwood@fcgear.com
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SENIOR LEVEL ASSEMBLY ENGINEER
- DRIVEUNE MODULES

As a worldwide leader in highly engineered
bearingsandalloy steels.Thelimken Company
serves every major manufacturing induslJy.
Timkenserves some 24,000customers around
the globe with sales of $2.4billion.

This position is in The limken Company's
Precision Steel Components Business in
Canton, Ohio. The Precision Steel Com-
ponents Business manufactures precision
annular components for the automotive,
industrial and bearing markets. As a result of
its continued growth, the Precision Steel
ComponentsBusiness needs an experienced
senior level engineer to lead assembly proj-
ects involving high-volume driveline modules
and sub-assemblies. This position will have
responsibility for taking projects from con-
cept through implementation.

Please send your resume to
hared@timken.com if you possess a BSME or
BSEE and have 8 or more years of related
assembly experience. Significant expertise is
required in concepling, developing and imple-
menting high-volume mechanical assembly
systems, preferably for automotive driveline
applications, as well as in developing product
identification/tracking systems and in-line
product testing/gauging. Experiencewith both
manual and automated assembly systems is
desirable.

All candidates must be currently authorized
to indefinitely work full time with The Timken
Company in the United States, under United
States immigration laws. The limken Com-
pany is an Equal Opportunity Employer.
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SERVICE

Sharpening Service
for hob., milling cutters

shaper cutters, shaving cutters.

5200 Prairie Stone Parkway. Suite 100
Hoffman Estates, IL 60192

Tel.: (847) 649 -1450 - Fax: (847)649-0112

2083 W.M-55. West Branch, MI 48661
1-888-Resharp 1-888-737"2n

Tel.: (989) 345 -2865 - Fax: (989) 345-5660

1580 Progress Dr., Richmond. IN 47374
Tel.: (765) 935-7424 • Fax: (765) 935·7631

Induction Hardening
Specialists in Tooth by Tooth
Contour Hardening of Internal
Spur, helical and bevel gears

Our gear hardening equipment
includes 5 NATCO submerged
process machines and 5 AJAX
CNC-controlled gear scanning
machines. Tooth by tooth gear
hardening from .50P-100P. up to
15 tons, 200' diameter.

American Metal Treating Company
Cleveland. Ohio

Phone: (216) 431·4492. File.: (2161431-1508
Web: www.americanmetaltreating.com

E-mail: mark@americanmetahreating.com

Breakdown Service Available

FAIRFIELD
GEARED FOR EXCElLENCE

• BROACH SHARPENING

• HOB SHARPENING

• SHAVING CUTTER GRINDING

• THIN FILM COATING

• CUSTOM HEAT TREAT SERVICE

PICK UP AND DELIVERYIN MANY AREAS

G eason Cutting Too 5
COR P 0 R AT ION

1351 Windsor Road
Loves Park. IL 61111 USA

Phone: 815-877-8900
Fax: 815-877-0264

Website: www.gleason.com
E-Mail: gctc@gleason.com

• State-of-the-art eNC sharpening
and inspection machines

• Wet grinding with tree-cuttinq CBN or
diamond wheels for "Sum free" sharp-
ening of carbide or high speed steel

• Optional recoating and stripping

• Rush service available

Koepfer America, LLC
635 Schneider Drive
South Elgin, IL 60177
Phone 847-931-4121
Fax: 847-931-4192

sales@koepferamerica.com

GEAR TOOTH
GRINDING SERVICES
Spur - Helical - Double Helical

Capacity up to 60.5' 0.0., 1 D.P., 29'
Stroke. All ground gears certified up to
AGMA Class 14+ on Zelss-Hofler 1602
CMM. Inventory of grinders includes
Hofler 800,Hofler 1253Supra. Hofler 1500.
two Hofler Nova CNC 1000s (Fully CNC
with on-board CMM checker], and
Hofler Rapid 1000Form Grinder.

Kreiter Geartech
2530 Garrow si. Houston, TX 77003
Phone: 713-237-9793 Fax: 713-237-1209
Contact Mr. Willie Whittington
Visit our Website at
www.kreiter-geartech.com

• Spur,Helicaland Pump •••••••.
Gearsto AGMAClass 15

• Featuringthe latestgrinding
and CNC technologyincluding:
• ReishauerRZ300EElectronic

Gear Grinders
• GleasonTAG400 CNG,a·axis

High ProductionGear Grinder
• Full CNGMulti-axisCylindrical

Grinding(Internaland External)
• High PerformanceCNC Hobbing

• ContinuousProcessImprovement
UtilizingSPC and QualityPlanning

• JIT Deliveryusing Innovative
StockingPrograms

800-447-2392
Fax: 116-874-9003
www.niagaragear.com
email:lnIoOnlagaragear.com

t'-""'-1
INTERSTATE TOOL CORP.

CLEV~OHIO

CUSTOM ENGINEERED &
MANUFACTURED CUTTING TOOLS

ESTABLISHED 1960

FORM RELIEVED & PROFILE GROUND
MILLING CUmRS

GEAR SHAPER & SHAVING curnas
ALL CLASSES OF HOBS

HSS. SOUD CARBIDE & CARBIDE TIPPED

WHETHER YOU NEED NEW TOOLS,
MODIFICATIONS, RESHARPENING.
REPAIRS OR M&M INSPECTIONS.

CONTACT US FOR A QUOTE TODAYI

www.;nte ••t.t.toolcor.com
Tel: 216-611-1077. FIX: 216-611-5431

GEAR TOOTH GRINDING
Spur • Helical

• Herringbone (with groovel
Capacity up to 63" 0.0.,

1 D.P., 16M face

AGMA Certification Inspection
Delivery to Meet Your Requirements

Midwest Gear Corp.
2182 E. Aurora Rd.

Twinsburg. OH 44087
Phone 330-425-4419
Fax 330-425-8600

Direct your inquiries to
Ron Humphrey, General Manager

ronh@mwgear.com
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ADDENDUM

G AR CROSSWOR
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Q.Qwn
1. Lunar ~ for Aldrin and Armstrong
2. Side of a military formation
4. Whipping motion, in reverse
5. Slat
6. Well-thrown football has a tight one
7. Tire out
9, Cowboy-boot accessory
10. Type of invertebrate
12. Iceberg part
14. Side-to-side stagger
16. Book supplement
17. Type of gear cutting
18. Incisor, for example
19. Forming small waves
20. Difference between pitch and root
21. Improving a skill
23. Device for torture by stretching
25. Cheer
27. Extracting a fruit's seed
28. A copy, old-style word
29. Exitquickly?
32. Perry Mason investigation
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2. Completing
3. Can be attired
8. Peak
9,. Distort
11. Complex
13. Gnashing
14. Put clothes on
15. Equipment
21. Slang for hypodermic identification?
22. Slant
24. Part of food fish's skeleton?
26. Spiral-like
27. Bird's wing
30. De-bearding?
31. Atomic number 42
33. Common center
34. Rich man's odd habit?

"Not as dense as The New York Times
crossword puzzle, but hey. there's a rea-
son we don't do this for a living.

Answers on page 37.

Tell Us What You Think, , .
Visit www.gatteelmology.comto
• Rate this puzzle
• Request more information
• Make a lUlIlIestion
Or callM7) 437"111 lIIIc•• one Ii 011' ediIIn!
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