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New Pfauter 3-, 4- and 5-axis CNC gear shaping machines put gready .improved perfonnaooe
in a compact, self-contained and economical package •.....thepeIfect fit for iodafs
gear manufacturing operations.

. High machine efficiencyand utilization rates
!!fVasf impronments in througbput.
I!f'Greatly increased cutter life \!lSuperior gear quality, surface finisbes !!fFastROI

Then factor in American Pfamer's unsurpassed support capability ...design teams ...application expertise ...
the industry' rn st advanced and productive shaper cutters ...aU available from a single-source
oonveniently located in Rockford, nlinoi .

But why llot see for yourself?
CaD (815~l8l-3000 for more
information or to schedule
a.visit to our facility.
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1351WindsorRoad Phone:e15-282·3000
LovesPark,IL 61132-2698U.S.A. Telefax:815-282·3075
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Consider these outstmuling/ealtlres:
r:f GIEFANUC CNC controls. and

digital servo drive systems,
completely eliminating change gears

I!f Sman~'ootprint design:
.only 4.8 sq. meters of floor space required

IlfFive machine sizes and configurations
to choose from:
3-, 4- and 5-axis models; up to 20" pitch
diameter; model available with CNC
controlled cutter slide

ijf"Quick cbangetooling
ij(High continuous stroking rates, with

hydrostatic guide and spindle bushing design
r:f AU maintenanee points accessible

Without interference
All told, you get:



More custol1le1'S oromd
the world are Ilmzulg to
PMCfto meetdleU I1Wst
del1lllluliJzg Slwper Cu1ter
needs. Here's why:
Hi"re imlO~'atf)rs.PMCr hasn't
stood pm on conventional shaper cut-
ter technology. New approaches,
designs, and materials are in constant
development And our unique
Isoform grinding process gives our
shaper cutters the longest effecti ve
toollcngth available. Our cutters

average ?~%
sandth of usable tool life as a result.
First ill customer support. PMCf is
rated No. I in 'customer support' by
leading automotive. trucking, and
other industry OEMs. They've found
that only PMCf has the design teams,
applications expertise, and modem
manufacturing technology to ensure
on-time delivery of a qualified producl
Product quality is assured throughout
manufacturing with SPC. and
advanced inspection equipment.
Here to slay. PMCf is in forthe long

at the investment
we've made in modem
facilities. new equip-
ment.and people-
a1l committed to pr0-
ducing the best gear
tools in the world
But don't take our
word for it Just calJ
(815) 817-8900 and
ask for the sales and
service support team
myoorarea.
Then 1M us to work!

1351 Windsor Road. P.O. Box 2950, Loves Park. IL 61732-2950 USA
Telephone 815-877-£J900 • FAX 815-877-0264
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tomawent ctaas aallnilfinD mar:tdnI
producer. They deIMr outstanding design and

rugged construc1Ion for consistInt high quatHy

productfon and longer tool lite. They deliver

superior technical support to ensure minimal

set up and peak performance. They also

decisions about deliver something you don't take for granted ...

gear finishing leading edge technology.

equipment. This sophisticated equipment offers optimal

performance and accuracy, resulting in

increased shop profitability.

When your success is dependent upon your

choice of major equipment. settle for nothing

less than GMI-Kanzaki. With GMI-Kanzaki,

gear finishing equipment is one thing you

won't have to spend precious time managing.

Their leading edge technology puts you out in

front... and keeps you there!

An examf)le of this leading edge lfJchnology is the Auto TOOl
Change and Tool Magazine option for gear shaving machines.
With thiS feature, labor costs are reduced since trJol change time
is minimized In addition to the semi-automatic. a full automatiC
tool changer. with tool magazine, is available for optimal
automation benefits.

---- -

GMI-Kanzaki gives you the edge to emerge as a major player in a world economy.
I

GMI·KANZAKI
6708 Ivandale Rd.
P.O. Box 31038
Independence, OH 44131
Phone (216) 642-0230 FAX (216) ,642-0231
CIRCLE A·30n READER REPLY CARD

GMI·KANZAKI
Atthe C,uuing Edge!



Cover photo courte y of AT A
Osakeyhtio, Tampere. Finland.

FEATURES

CBN Gear Griinding -
AW- t· H' h- . L--d~ C- -ac'·,,?_ .. ay 0 _Jg,_er -,oa a.p_II".
Wi/fried Konig. Georg Mauer & Gerhard RiJber
Laboratory for Machine Tools & Production Engineering (WZL) .
Rhine Westphalian Technical University, Aachen. Germany JO
IGear Fundamental's
Hlob iBasiics - Part II
Keith Liston
Pfauter-Maag Cutting Tools, L. P .• Loves Park. IL.. ..18

SPECIAL FEATURES

19,93 Buyer's Guidle 25

Educati,onal Opportunities 28

Gear Techno.l.ogy Cumu'laitive Subj,ect Index :30

Company Index ,38

IP,fOduct· Ilnde'x 40

S .•. I-d' .. 43-'erV:lce:s n !ex ,

DEPARTMEN1'S

PubHsher's Pa:ge . ,
Gear Technology ~ The Next Phase 27

Calendar
Events of interest .'46

Class:if,ieds
Products, services, and information you can use 148



IIUnal'f &. SUI.II

r.f1I'E.COWBOY 1RTIF AIJ1'S
bridles * buckles * horsehair

bits 11:: books*" belts "* bolos

chaps .. spurs * saddles

APPlWSALS

9929 Venice Blvd.
Los Angeles, CA 90034

(310) 202-'9010 81 AP~OImUINT
rAI (310) 202·IaIO*" western collectables *

CIRCLE A-10 on READER: REPLY CARD

/llA-'U

'

J/!f£>fARCril!I~.
SubaidlalY 01 Star cuner Company

23461 Industrial Park Drive. Farmington Hills. MI48335
313/474-8200 FAX313/474-9518

,CIRCLE 11.-4011 READ:ER IREPL Y CAIRO

4 GEAR TECHNOLOGY

GEAR TECHNOLOGY
EDITORL\1. -I

Publisher & Editor-in-Chief
Michael Goldstein

Associate Publisher & Managing Editor
PegShort

Senior Editor Nancy Bartels

Copy Editor Don ,tory

Technical Editors
Robert Errichello

William L. .Iannlnck
Don, McV.iUie

Robert E. Smith

.\RT

Art. Director Jean Sykes

An Director Jennifer Goland

:\JAIU';ETINC

Advertising Sales Manager Patriela Flam

Advertising Sales Coordinator
Jean Marie Mangan

ClRClI I.,\TIO\.'

Adminisrrat ive Coordi nator
Deborah Donlglan

Circulation Assistant
Mary Gabrys,

--

R.-\\.'D,\LL PlIBLlSIII:'\C ST.\FF

President Michael Goldstein

Vice President Richard Goldstein

Vice President/General Manager Peg Short

Controller Patrick Nash

Accounting Laura Klnnane

Art Consultant M.a:rShll Goldstein
-

RANIULL PllBI.ISIIli"\C, INC.

1425 LUn! Avenue
P.O, Box 1426

Elk Grove Village, IL 60007
(708) 437-6604 Phone
(708) 437-6618 fax

\'01.. 10, :\'0. (>

GEAR. TEC,H..."'iOlOG'!IT, T:l:ie Journal of G.gt ~jl'.nu:r.Cl1Wnl
USSN 0743·61.S8J i~pub]u:hc.d b~monll!hb,Randl.lIPublnbmj.
Inc .. 142S Lum AVe1I.'II-e.P.O. Box ~426. Elk Grove Vmlle. IL
600U7. SubilcripLiDn riHc~ life: $40,00 if! the U.S.; 150.00 in
Canada: 5SS.00 in uU ether countries, Second~Class pOSL3He:p,id
&I Atlil'lglon Htishts. Il. and I[ .ddit:ioniill mjji lina effiee.

Rand&ll Publishing makes CYf'ry dfon .0 ensure that I:I1r proce§:SH
dtSC'ribed m Gra, Ta:/uJoIoty conform '1.0 roui'ld, cnginec:rinJ peecuce.
The Pubhsher canner be held n:.ilpoIli5.bh:oThtlbl-c f.,r~nJuriI;$SI,lSllllN;dor
!lOY director indirect. special. ecnsequemlet. crccherdamages Dfunyklnd
or nature whal10tver resultlng Ircm fallowifi!l: !.heprocedures desermed.

RHDd:a1l Pl;!bll!ibing is not ee, pon§.ibl~ for' rhe comem of. claims
mece. oropUUODJ C!l.prrs.s.r-d In advertlsetl'J!:nll 01 other priDted mIltit'(

in thepubllcllLon.
Postmasrer: Send address .;;hl!!ogcs (0 GEAR TECHNOLOGY. '['be

journal of G~ar Manufacrunng. 1425 LURI Aveeue. P.O. Bol. 1426.
Elk Greve VlUage, I.L, 60007.

CConten15 oopyrighled by RANDALL PUBLISHING. INC .. 1991,
ArlJcles apptliins in GEAR TECHNDLOOY may nol be. reproduced
in whol,e 01 iill, pan withoul the eapress pcnn;~Sil}l1 .,r the: publlsher Of

IhE author.







Made in the U.S.A.

Normae's CNC Profiling Centers provideaccu~ate off maehine trueing
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error throughout totallslide travel, guaranteed. Two
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grinding can be dressed and stored until needed at the
machine, eliminating machine downtime.
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CBN Gear Grinding
A Way to Higher
Load Capacity?

WHfried Koni,g'.IFraunhofer Institute of Production Technology. Aachen, Germany
'Georg M,auer~ Mauer lMetalilur,giic Process Engineeringl Ltd ..•Vliersen, Germanv

Gerhard Rober, IGEmA ,Company~Attendorn, Giermany

Abstract
Because of the better thermal conductivity

of eBN abrasives compared to that of
conventional aluminum oxide wheels, eBN
grinding technology promises a "cooler"
grinding process, which induces residua]
compressive stresses mto the component, and
possibly improves the subsequent stress
behavior. This thesis is the subject of much
discussion. In particular, recent Japanese
publications claim great advantages for the
process with regard to an increased component
load capacity, but do not provide further details
regarding the technology, test procedures or
component investigated. This situation needs
clarification, and for the this reason the effect
of the eBN grinding material on the wear
behavior and tooth face load capacity of
continuously generated ground gears was
further inve Ligated.

Introduction
The further development of the technology

for gear grinding is aimed at both increasing
productivity and efficiency and achieving
product optimization, eBN grinding tech-
nology, i.e., grinding with abrasives of cubic
boron nitride, promises t.o meet both
requirements. eBN allows one to increase the
cutting speed and, at tlie same tirne.jncreases
the tool life. Because of the high thermal
conductivity of the abrasive. eBN offer
greater safety against thermal damage to the
moth flanks (Ref. 1).

As already established by G. A. Johnson
(Ref. 2), eBN wheels grind "cooler" than

conventional aluminum oxide wheels, because
of the better thermal conductivity of the eRN
abrasive. which improves the subsequent stress
behavior of the components.

Japanesepublications (Ref. 3) as ert that
the use of the eBN grinding technology for
finishing gears increases the strength
properties by about 30%. This would make it
possible to reduce the size of gears by
approximately 30% while maintaining the
same load capacity of the gear elements. There
is, however, no exact technical data or
information on the conditions under which the
investigations were performed, so that it is not
possible to compare or assess the results.

On the other hand, American publications
(Refs. 4 & 5) conclude that the eBN grinding
technology for gear finishing does not improve
the load capacity, but is preferred to con-
ventional aluminum oxide grinding because of
its improved process safety.

This contradictory information was the
reason for investigating the influence of eBN
abrasives on the face load capacity of
continuously generated ground gears.

Test Program and Grinding Parameters
Spur gears manufactured using the

continuous generating grinding method (Ref.
6) were used for the tests. To cover the subject
"surface load capacity of gears" as com-
prehensively as possible, the surface zone was
investigated for the progress of wear by
measuring residual st.ressand profile
deviations. The following grinding materials
were used for finishing the gears:



T,able ]- Test Program and Grinding P:orame.ters

Aluminum Oxide Aluminum 'Oxide
Multi-Pass Shift Grinding
Grinding

Variant 1'1 Variunt
12 III

Residua] tre s (JE X X

Load Capacity (JH X

Total Infeed Amount mm 0.60 0.60

Roughing Infeed Per Pass mm 0.02 0.24

Finishing In reed Per Pass mm 0.02 0.04

Roughing Feed Rare nun/rev 1.60 1.00

Finishing Feed Rate mm/rev O.!IO 0.85

Grinding Wheel Speed RPM 1,900 1..900

Galvanically Galvanically Vltrifled Bond
Pluto<! Plated CBN
CB CB Multi-Pas

Multi-Pu.bs Mulli-Pnss Grinding
Grinding. Grinding, Used Grinding
Roughing Finishjng Wheel

Variant Zl Vnriant 21. Variant 31

X X

0.60

0.3/11110.1

0.1

1.011.611.6

0.50

1..900

0.42 0.18

Vitrin~d Bond
CBN

Multi·PiIS!.
Grinding

ewly Dressed
Grinding Wheel

Variant
41 46

X

x

0.42 0.02

0.60

0.02

1.40

0.60

1.500

0.02

0.75 1.40

0.70

1.900 1,900

Utilized Grinding Wheels: Aluminum 'Oxide:
Galvanically Plated CB
Vurified Bond CBN:

I. Conventioaal aluminum 0 ide grinding
medium (64 A 80/100 F 8 V);

2. 'GalvanicaUy plated CHN (grit size B91
in accordance with FEPA); and

3. Vitrified bond CBN (grit size 864-B 126,
concentration V ]00- V .150, per FEP AJ.

The aluminum oxide shift grinding variant
(Table I) was used as a reference for the test
re ult from the gaJ.,':mi.caUy plated CBN and
vitrified bond CHN variants. Unlike the case of
multi-pas grinding, during shift grinding the
work. piece is offset with respect to the
grinding wheel by u ing the shift axis. so that
the grinding wheel i always grinding with a
freshly dressed section. This makes the process
significantly more efficient and far safer.

The test gears were ca e-hardened spur
gears made of 16 MnCrSE material.

The gear for the aluminum oxide shift
grinding variant were finished as reference
item u ing the given grinding data (Variant
12)_ According to the grinding machine
manufacturer (Ref. 6) these parameters are
applicable for finishing under production
condition. The multi-pass grinding variant
(Variant 11), for which the rough and finish
grinding infeed amounts are small, was
designed to demonstrate the extent to which
the aluminum oxide grinding medium
influences the condition, of 'Ihe material with
the small amount of heat introduced.

~. A SOIIOO F8V
1'191
B6-I .. .I2fW 100 ... 150

AU the CBN ground gears were produced
using the multi-pass grinding method. For
galvanically and vitrified bond CBN grain, the
finish grinding infeed amount selected were
also very small, a they were with the alu-
minum oxide, in order to obtain a direct
comparison of thegeindtng medium with
regard to the effect on the surface zone. To
minimize the introduction of heat, the
rotational speed of the grinding wheel was
reduced for the vitrified bond' 8N grinding
wheel (Variant 41),

The technologicalparamesers selected for
grinding with the C8N grinding wheel enabled
an optimum working result LO be achieved and,
therefore, fully exploited the advantage of the
CBN grinding medium. Compared to this, the
ettings cho en forthe aluminum oxide var-

iants were those 'typically used in production,
but not the ones which produce the optimum
result, particularly with regard to the
roughness of the tooth face .

The following is a summary of the most
important results of the inve ligation.

Hiig~Residual eompr'esive Stresses
4110, the Surface Using CBN

Knowledge of the residual stress is
particularly important for gear because the
component stres re ults from superimposing
load and residual stres . The presented
measured re ult were obtained by radiography

Prof ..Dr..-Iog.
Or..lhl.,c.
Wmried Konig
is Direr/or oj lire
Frmmhnfl'r Instituu: for
Produ tion 7""chno/ngy.
Aachel!, Gl.'roratly.

Or..-Ing.
Georg Mauer
is Managill8 Director of
Maller Mewlfurgic
Proce ssing tud;
Viersvn. GCl1mmy.

D'rAog!.
Ge:rhard Rober
is Plum Manager at
GEDlA Com{:>lllly,
Auendom, ,German),.
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u ing the sin2'11 method (Ref. 7) (21] level, Cr-
Ka radiation. 35 .kV/35 rnA, 2 e = 156°). The
residual stre spatterns in the surface zone of
the aluminum oxide ground reference variant
are shown in Fig. I. For gears of Variant II
(aluminum oxide multi-pass grinding) and
Varianl 12 (aluminum oxide shift grinding).
the tangential re idual compressive stresses on
the surface were approximately -400 N/mm2•

The axial. residual compressive stresses were
omewhal lower. approximately -260 Nlmm2

on the urface,
The axial and tangential residual. corn-

pressive stresses are almost the same on the
urface for both variants, Overall, the residual

stress pattern of both variants showed no
significant influence by temperature in 'the
surface zone because of the grinding process.
Normally, if too much heal were introduced,
residual tensile stresses on the surface would
result. This confirm that ill this case no
deterioration of the surface zone influence
occurred. even under normal production grind-
ing condltions (shift grinding, Variant 12)
using the conventional aluminum oxide,

For the gears of Variant 21 (galvanically
plated CBN. multi-pass grinding). as shown in
Fig. 2 the tangential residual. compressive
stresses on the surface were approximately
-950 Nfmm2• Tbe axial re idual compressive
stresses were somewhat lower. approximately
-500 N/mm2 on the surface. These value
dropped very quickly to approximately -200
N/mm2 311. depth greater than 0.01 mm.
Overall. the residual Ires pattern revea.ledno
temperature influence in the surface zone
becau e of the grinding process. The high
residual compressive stresses resulted from
plastic defamation duringthe contaet between
thegrinding wheel and the tooth face. The
I~owerdiagram in Fig. 2 haws cIearlythat the
effect did not penetrate any further than 10 1J-I11.

Two vitrified bond CBN variants were
used: vitrified bond CBN with a newly dressed
grinding wheel (Variant 40; and vitrified bond
CBN with a u ed grinding wheel (VariaJlt 3]).
The used grinding wheel. with the vitrified
bone! CBN had already been used once before
this grinding process and was not dressed for
this particular application. A large infeed

Fig. 2 - High residual cempression stresses in the surface .zone of gears amount was chosen for finishing.
grou.nd. wiab galvantcslly plated eBN wheels. Fig. 3 shows jhe residual stress patterns in

12 (IE"'''' TECHNOLOG\'



micro-contacts of both tooth flanks which Fig... -Recordings of roughness measurement of the ground surface of
re ult in high miero-Hertzian stresses and the tested gear variants i,1l the initial state.

the surface zone for both variants. For the
vitrified bond eBN variant with a u ed grind-
ililg wheel, the tangential residual compressive
stresses on the surface were approximately
-1000 N/mm2• The axial residual compressive
stresses wereapproximately -500 N/mm2. In
this case again there was a rapid drop of the
stress values with increased depth to about
-300 N/mm2•

The residual stress pattern of the eBN
variant with the used grinding wheel. was
somewhat different from the vitrified bond
eBN variant with the newly dre ed grinding
wheel. Inthis case the tangential residual.
compressive stresses on the surface were only
about -400 N/mm2 and the axial compressive
stresses were approximately -300 N/mm2.

These somewhat lower residual compressive
stresses were possi bly the result of the
influence of the re-hardened zones which have
a negative influence on the measured result .

Overall, high compressive stresses were
found after eBN grinding even with high
infeed amounts. The affected depth was very
small (about 10' urn), and the stres es did not
penetrate as deep as those resulting from
sliding and rolling on the tooth faces.

Surface Roughness Measurem.ents
The recordings of the roughness

measurements in Fig. 4 show that the variants.
aluminum oxide with multi-pass grinding or
aluminum oxide with shift grinding, produced
a higher roughness than, the vitrified bond and
galvanic plated CBN variants. It hould be
pointed out, however. that the roughne s depth
on the CBN ground gears at discrete points
(for example. in the range of the I mm
measuring length for galvanically plated CBN)
deviated greatly from the average roughne s
Rz• This deviation also resulted in a
sub tantially higher value for the maximum
roughness R[. It may have been caused by a
protruding eBN grit. Indications of this were
the ridges which appeared on the right and left
and which were very similar to the plastic
deformation caused by contact with the grit.

Under EHD conditions (complete
separation of the metal surfaces through the
eJasto-hydrodynam:ic pressure build-Up in the
lubricant film) these ridge cau e metallic
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tangential stresses. These. in tum, can lead to
damage to the material sub-surface zones.
Tile e processes could favor pitting.

No Increa e in Tooth Face Load. Capacity
Wohler graphs were determined on a 3-

shaft bracing te t rig to analyze the face load
capacity. On thi test fixture a test pinion was
meshed with two gears. The center distance
wa a = '67.5 mm. The maximum torque was
270 Nm. The amount of the load was varied by
using the lair-step method (Ref. 8).

These limits were used as the basi. for the
wear criterion for pitting. depending on how
the wear developed: failure of the gear at an
individual tooth wear of 4% of the act.ive tooth
face. or failure of the gear at a total face wea:r
of 1% of the entire active tooth face (Ref. 8).

The gear were continuously monitored
while running. and the beginning and progres
ofthe pining was recorded. The results are
presented in the fonn of a Wohler diagram.

Fig. 5 how the endurable Hertzian face
stress O'li during the running ~e t ( hift grinding
with aluminumoxide, Vari3J\t J 11), The torque
oUhe gears wa between 190 Nm (<JH '" .1712
Co Imm2) and a maximum of 267 Nrn (O'H =
2030 N/mm2). Pilling occurred on the pinion
and gear during the mnning.

After evaluation usingthe aforementioned
criteria. a continuously endurable Hertzian face
Ires 'O'n '" 1750 N/mm2 was establi hed .. At

higher torques test gears could be found which
did not reach the failiure criteria after achieving
theendurance strength limit of 5 x 101 load
reversal , but there is insufficient empirically
verified data available 10 allow one to specify
higher continuou Iy endurable Hertzian face
stress with efficient safety. Because of th
considerable variation of the measu:red values,
it is not possible to draw a suitable W,ohler line
on the diagram.

Fig. ,6 hows the endurable Hertzian face
Ire s for the vitrified bond CBN variarn with a

newly dre ed grinding wheel (Variant 46),. In
thi: casethe torque of the gears was between
190 Nm (OM = 17]2·· '/mm2) and a maximum
of 230 Nm (OM'" 1.884 N/mm2). Beeau e the
measured values show a considerable variation
for this variant, no Wohler line is drawn on the
diagram, In this case a continuously endurable
Hertzian face stress of approximately 1750
N/mm2 was determined, Unlike the case of the



aluminum oxide variant, fewer gears were
found that passed the te-st without rea.ching the
failure criteria at higher torque.

Pining frequently occurred as mini-pitting
in the form of striations in the range of gray
discoloration which appeared as spots all over
the entire face of the tooth (Fig. 7). With
aluminum oxide ground gears. on the other
hand. the gray spots appeared mainly in the
negative slip area below the pitch circle, The
results of the tests show no improvement in
tooth face load capacity of the CBN ground
gear compared with the aluminum oxide
ground variants.

The main reason is to be found ill the
shallow depth that is influenced by the residual
compressive stresse . which cannot affect the
specific stress on the tooth faces in the lower
material depths.

Review of Results
The results of the tests are summarized in

Table II. High residual compressive stresses
were fouad in the surface zone for CBN
ground gears during measurement of the
residual stress. These values were, however.
found Oldy all the surface or to a depth of
approJ{imatel.yIO 11m. The deviations in the
profile form. which were regarded as an
indication of wear relative ro the running time,
were highest for the aluminum oxide ground
variants. with a depth of 20 11m.

The aluminum oxide and CB variants
showed a different pattern with regard to the
occurrence of gray discoloration. With the al-

Grinding Residual Affected Depth Profile Deviation Gray Surface Zone Average FaceLoad
Method Stresses (Wear) Discoloration (Re-Hnrdened Zones) Roughness Capacuy

(Nhrun2) (J.Un) !-1m Depth Rz (nfmm2)

Aluminum Surface (residual stresses Isolated re-bardened Appx,
Oocjdc ·260 (ax.) iocrease to aooul·3OO Nf!!1!n2 zones. rnaxunum depth 3.86 urn
(Mulli·PlISs 400 (tg.) at depths> 0.01 mm) approx.Bprn
Grinding)

Aluminum Surface (residual SIreSSeS Final tate Gray discoloration Martensitic surface structure Apprx,
Oxide (Shift -260(u.) increase to about -300 Nlnun1 approximately occumng in band without influence from 3.96 um 011= 1.750
Grinding) 400 (tg.] at depths> om mm) 20 um maximum below pitch circle grinding process

Galvanically -500 (ax.) In the surface zone down to 10 Final state Irregular occurrence Isolated re-hardened Apprx,
Pl:uedCBN -950 (tg.) urn (values drop to about -200 approximately of gray zones, maximum depth 2.17[Jm

Nlmm2 at depths> 0.01 nun) 71J1l1111aximum discoloration approx.2lJm

Vitrifled Boed ·500 (ax.) Surface (values drop to lsolated re,hardc!loo zones, Apprx,
CBN ·1.000 (Ig.) about ·300 N/mml at maximum depth approx ..2 J.Un 2.34J.Ul1
(Used Wheel) depths > O:OJ mm)

Vitrified Bond -300 (3JI.) Surface (values drop to Final state L\Dlated re-hardered ~ Apprx.
CBN 4(0 (tg.) about ·300 N/mml at approximately Mini-pitting maximum depth approx. 2pm 2.2B!-Im 0'11 = 1,750

depths> O.Dl mm) 14 urn maximum
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uminum oxide ground gears a band of gray
discoloration always occurred below the pitch
circle. With the galvanically plated CBN
variant, on the other hand. the gray dis-
coloration was unevenly distributed (in spots)
over the surface of the tooth face, because the
surface structure was also not uniform and was
interrupted by striations. The vitrified bond
CON variant showed a frequent occurrence of
mini-pitting in the form of striations in the area
of the gray discoloration.

With the exception of the aluminum oxide
variant using shift grinding. the photographs
of the structure for all other variants showed
individual areas of renardening to a max-
imum depth of about 2 J.lm (galvanically
plated CBN, vitrified bond CBN. used
wheels/newly dressed wheels) and approx-
imately 8 um for aluminum oxide multi-pass
grinding. No adverse effects on the face load
capacity could be found during the test because
of the isolated occurrences on the face ..

The average roughness depth Rz for the
aluminum oxide variant was almost the same
- approximately 3.86 11m (aluminum oxide
multi-pass grinding) and 3.96 urn (aluminum
oxide shift grinding). The vahzes for the CBN
ground variant were R, :;;;; 2,]7 11m
(galvanically plated CBN), Rz :;;;; 2.39 urn
(vitrified bond CBN, used wheel) and R, :;;;;
2.28 !Jill (vitrified bond CBN, newly d.ressed
wheel), These values ate distinctly lower
because of the surface topography of the CON
wheel and the favorable grinding parameters.

Table n- SUUl.mary of Results Showing Residual Stress Profile, Wear Pattern and Load Capacity ·ofthe Gear Variallts.
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The investigations of the face load capacity
showed that gears ground with vitrified bond
eBN wheels reached the stress level of gears
ground with aluminum oxide wheels. but by no
means exceeded them. The favorable residual
compressive stresses and improved roughness
did notaffect the permanent load capacity of
the gears, because the depth to which the
residual compressive stresses penetrate was not
sufficient to reach the maximum stresses due
to the Hertzian stress.

Summary
These investigations examined the influence

of the grinding material (aluminum oxide,
CBN) on the residual stress and face load
capacity of case-hardened spur gears after
continuous generating grinding .. The eBN
grinding technique promises a favorable
surface zone influence in the form of high
residual compressive stresses because of the
better thermal conductivity of the eBN
abrasive. Such residual compressive stresses
can, in principle, improve the wear
characteristics of the tooth face surface.

The test showed that the surface zone i not
negatively influenced by the particular
grinding method or grinding abrasive for any
of the variants ground. The measurements of
the residual stress for the eBN variants
showed high residual. compressive stresses in
the zone close to the surface. These values
were, however, only present in an extremely
small band from the surface (approximately 10
11mfor the galvanically plated CBN variant).
The re idual compressive stresses on the
surface in the case of the aluminum oxide
variants was approximately -260 Nzrnrn?
(axial) and -400 N/mm2 (tangential). For the
CBN variants it was approximately -500
N/m_m2(axial) and -1000 N/nun2 (tangential).
At depths exceeding 0.01 rnm these values
dropped rapidly to about -300 N/m:rn2 •

The wear jest of the aluminum oxide
variants showed an increasing loss of material,
depending upon the running time. below the
pitch circle in the negative slip area. In contrast
to this, the eRN variants showed an irregular
gray discoloration over the complete tooth
face. This can be ex plained by the different
initial conditions of the surface structure. The
average roughness depth Rz is smaller (2.0 to
2.3 um) on all CBN variants than on the

aluminum oxide ground gears (3.9 to 4.0 11m).
The reason for this may be the different
grinding parameters and the surface
topography of the eBN grinding wheeL

The aluminum oxide ground reference
variant. was produced under commercial
production conditions, while the eBN variant
ground for the tooth face load capacity tests
used smaller infeed amounts and lower
grinding wheel speeds with the best process
selected for with regard to the minimum
surface zone influence.

The continuously endurable tooth contact
stress for both the aluminum oxide (shilft
grinding) variant and the vitrified bond CBN
variant is at maximum L750 N/m_m2 .

No improvement in the tooth face load
capacity could be found for the CBN ground
gears even under the most favorable technolog-
ical conditions. eBN grinding under commercial
production conditions, therefore, doe . not point
toward any significant improvement. in the load
capacity as described in Ref. 3.•
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Hob Basics
Part II

K'eiith Liston
Pfauter~Maag Cutting Too'lls,L.P.

Loves Park, IL

Dhis is Part n of a two-part series on the

basiCS.of gear hobbing. Part [ discus~ed
selection of the correct type of hobbing

- operation, the design features of hobs
and hob accuracy. This part will cover sharpen-
ing errors and finish hob design considerations.

Sharpening Errors
The hob errors which contribute to the pro-

file error on a gear are the hob profile error and
the hob lead error .. A perfectly accurate hob
with a proper setup, on an accurate machine
with good tooling can cut a bad gear if the hob
is improperly sharpened ..Sharpening errors can
contribute to both profile and lead errors since
the hob profile is actually shifted fromits true
position by exposing the cutting edge In a dif-
ferent plane. The sharpening errors which
affect the hob accuracy are as follows:

1. Rake angle error
2. Index error
3. Flute lead error

Actual Contour

Cutting Face Error
of the Flute ----I

18 GEAR TECHNOLOGY

Fig. 1 - Method of measuring the cutting face error of the hob flute.

Rake angle error. The hob cutting face is
designed to lie in a specified plane, and any
variations of the actual hob flute cutting face
from that plane are considered flute cutting
face error. This error is measured from the out-
side diameter to the cutting depth. (See Fig. 1).

Negative rake error describes the condition
when too milch stock is removed from the
upper portion of the tooth face .. Negative rake
decreases the depth and increases the pres ure
angle 011 the hob tooth. The result is cutting
drag and a gear tooth that is thin at the top and
thick at the bottom. The effect of negative rake
is an involute chart that leans in the positive
direction (Fig. 2).

Positive rake error describes the condition
when toe much stock is removed from the lower
portion of the tooth face. Positive rake increases
the depth and decreases the pressure angle on
the hob tooth. The result is a gear tooth that is
thickat the top and thin at the bottom. The effect
ofpositive rake is an :involute chart that leans in
the negative direction (Fig. 3).

A belly or convex curve is produced at the
loath face when a straight line dresser is used
to sharpen a helical fluted hob. This belly caus-
es the hob tooth to be thin at the top and bot-
tom .. The resulting gear tooth will be (hick at
Doth the top and bottom. This will cause a
bowed curve on the involute chart (Fig ..4).

Index Error. Hob flute indexing error is the
deviations of the actual radial positions of the
hob flutes from thetheoretical positions (See
Fig. 5 ). Index error occurs when stock is
sharpened off the hob flutes unequally.

HODS sharpened with unequally spaced



Maintenance Errors - Hobs

I

I Sharpening Error: Negative Rake,~~A
I~I
I I.~.~~Hob Toolh
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Involute Diagrams

ff\I
Work Tooth

Fig. 2 - Effects of negative rake errnr.

Maintenance Errors - Hobs

Sharpening. Error: Bowed Cutting Face

Work Tooth

Involute Diagrams

Fig. 4 - Effects of convex curve.

flutes will not produce the correct involute
form, The hob win have high and low teeth
which will produce unequal generating flats on
the gear teeth ..High hob teeth will produce low
flats or hollows on the gear profile. The result-
ing involute diagram win be wavy due to the
high and low spots on the profile.

Hob runout during sharpening is a source
for index error. It will result in unequal
amounts of stock being ground from the face
of the hob teeth (Figs. 6-7).

Flute lead error; Flute lead tolerance is the
total allowable indicator variation when tra-
versing the total face width of the hob in any
one row of teeth following the specified lead of
the flute. Hobs sharpened with flute lead errors
have teeth which do not have the correct pro-
file, and the profile differs on each side of the
teeth. Due to the cam relief profile, the teeth on
the end of the hob which has the most amount
of stock removed will be at a smaller diameter
than the teeth at the other end, making the hob

Sharpening Error: Positive Rake~ r. .4\
~ I J\-t:
I'll: _~_,;~_,C,- Hob Tool' :0",Too",

.- ..~, , .:: IIf,,mrm'._fffJl .JY:;"i,d.
- __"l ~ 1 ~ ,- Jy}!)JJJJ.JJJ;!-h{-I:JJ-E/;

Involute Diagrams :v:

Maintenance Errors - Hobs

Fig. 3 -lEffects of positive rake error.

Actual Flute
Indexing Variations

Specified Flute Index

Fig. 5 - Method of measuring hob flute errors by
use of an index mechanism.

Maintenance Errors - HobsA Jc':",~","g'0;' E",~4'
~ I JT'=

Sequential Relative Work Tooth
Position of Hob Teeth

Jti;ff~
lnvolute Diagrams

Fig. 6 - Effects of hob index error.

Mainte"n.,anc,eErro, r,s- HOb~S, . _'
Sharpening, Index Error .

I .

Fig. 7 - Lead chart of hob with index error.
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Maintenance Errors - Hobs
Flute Lead IError

In the course of shifting. across hob face,
the work tooth thickness changes.

IreI
Work Tooth

Involute D.iag.ram
-

Fig. 8 - Eflects 01flute lea d enor.

Maintenance Errors - Hobs
Flute Lead Error

Fi!l.9 - Lead chart of hob with lead error.
----

Approach

Normal TQQ!h
Thickness .....;.---. ....

Fig" 10 - Hob nomanctature.

hg.11 -lluailiressure angle.
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t

tapered. Gears cut by a hob with flute lead
error will not have the correct involute form.
The teeth are unsymmetrical, each side of the
teeth having a different pressure angle. The
teeth are said to be "leaning" or have cross
bearing. The leaning of the teeth can be seen in
the involute diagram (Figs. 8-9).

Mounti", Errors. A hob which is mounted
incorrectly can exhibit a condition known as
runout. Traditional runout is in phase. while an
out-of-phase condition is known as a wobble.
A hob mounted with runout can destroy the
accuracy of the hob. Hub runout causes errors
in the parttooth form since the hob teeth are
not in the proper position relative Lathe gener-
ating pitch line. In order to eliminate runout,
hobs are designed with hubs which provide a
qualifying surface. The hubs are used to. true
up the hob 0[\ the arbor. Since the hubs are
heldin relation to the form on the hob teeth.
trueing the hubs makes the hob rotate about the
proper axis.

Finish Hob Design Considerations
Deptil System. The standard full depth sys-

tem for 1-19.9 NDP :is 2.25fDP with a gear
addendum of I.OfDP. The standard fun depth
system for 20 NDP and finer is 2.21DP + .002,
with a gear addendum of 1.0fDP.

The ASA stub-tooth depth system for 1-
19.9 is t .8fDP. with a gear addendum of ..8IDP.

Modifications. Standard gear hobs with a
full depth system have a standard modified
tooth form. This consists of a comer radius. as
mentioned previously, and an approach near
the bottom of the bob tooth profile (See Fig.
10). The approach modifies the irrvolute to pre-
vent tip interference with the mating gear.

Hobs are sometimes ordered with special
profile modifications. An example of a special
double-angle profile can be seen in Fig. 11..
The purpose of a double-angle proflle is to pro-
vide tip relief much in the same manner as a
standard approach. The double angle can also
be used to provide relief in the root area.

Semj·Finish Hob Design Ccnsideratioas
Depth System. The standard depth system

for a pre-grind or pre-shave hob is 2.351DP,
with a gear addendum of LO/DP. This extra
depth allows clearance in the root of the gear
for the finishing tool, The depth also helps to.
maintain stock at the T.LF. diameter which
might otherwise be eliminated by undercut.



PMwbemnee. Protuberance is a modifica-
tion of the hob tooth form at the top corner to
produce undercut on the gear teeth (See Fig.
12). This undercut provides clearance for the
shaving cutter or grinding wheel, and also pre-
vents the formation of an abrupt change in pro-
file with its resulting tress concentration. With
small numbers of teeth. the tooth. form cut with
a hob without protuberance is often undercut
enough, but a protuberance is required for larg-
er numbers of teeth to eliminate contact
between the tip of the shaving cutter or grind-
ing wheel and the fillet of the gear tooth.

Undercut vs. the T.l.E Diameter. Undercut
is a condition in generated gear teeth when any
part. of the fillet curve lies inside of a line
drawn tangent to the true involute form at its
lowest point (Fig. 13).

Undercut occurs naturally and increases as
the number of teeth cut decreases ..It may also
be deliberately introduced with the use of pro-
tuberance as discussed above.

Undercut, unless :it is introduced to facilitate
the finishing operations. may be a detriment to
iii gear designer. Undercut not only reduces the
strength of the gear teeth, but may also reduce
the contact ratio. A gear designer has two
methods available for reducing undercut,
These methods can be used separately or in
combination with one another.

The rust method is to increase the pressure
angle. An increase in the pressure angle of the
gear will allow a decrease in the number of
teeth without undercutting the tooth profile. See
Fig. 14 for the relationship bel ween the number
of teeth which can be bobbed without undercut
for the 2.1.5711DP and 2.3501DP system.

The second gear design method is the use of
long-saort addendum design. This method is
accomplished by increasing the addendum of
the pillion and decreasing the addendum of the
gear by an equal amount. Although the outside
diameter of the pinion increases and the diame-
ter of the mating gear decreases, the pitch and
base circles remain the same. Thus they run
together on the same center distance and have
the same ratio a standard gears. See Fig. 15
for comparison of tooth forms using the long
addendum approach,

Hob designs which produce excessive
undercut conditions violating the T.LF. diame-
ter occur most frequently in semi-finishing

Gear Tooth

Lowes, POint of
True 'nyolU1e Form

Base Circle

---- ---- - -

Fig. 13 - Gear tooth undercut.
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Fig. 14 - Hobbing without undercut
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Point ot
tntersectlon of

Preshaved Prefile
with Undercut

Lowest Point
of Contact with
Maling Gear

designs. When this condition is prevalent there
are four options a designer has for eliminating
the situation.

The first thing he can do is to get approval
from the customer to reduce the root diameter
of the gear .. As the root diameter is reduced,
the undercut is moved lower on the tooth.

TJ.F. violations sometimes occur when try-
ing to cut too large of a radius on the hob. The
second method is used in this situation. This
method consists of simply reducing the size of
the radius ..

The third method is to get customer
approval to reduce the undercut in relation to
the finishing stock. For example, our standard
practice is to specify undercut to be .00005 to
.001 more than the amount of shave or grind
stock (See Fig. 16).

Gear designers win sometimes specify
undercut in excess of this standard. When
excessive undercut exists Ir may be possible to
reduce the amount. Reduction of the hob tooth
radius and/or the hob protuberance will reduce
the undercut.

Fig. 17 shows a gear tooth generated by a
20° normal pressure angle pre-shave hob with
a .040 tip radius and .0025 protuberance. Th:is
hob design is unacceptable since it produces a
condition where there is no stock at the TJ.F.
diameter. By reducing the radius to .030 and
reducing the protuberance to .002, an accept-
able gear tooth can be generated (See Fig. 18).
This design leaves a full amount of shave stock
at the T.I.F. while still allowing ample under-
cut. Fig .. 19 shows the final hob tooth configu-
ration ill this case.

The last method for improving a condition
where the T.LF. diameter is violated is to
short-pitch the hob design. When a hob is
short-pitched, the pressure angle of the hob is
reduced, Thisallows the hob to generate at a
lower pitch diameter which reduces the sweep-
out diameter of tile generated undercut.

Fig. 20 shows the results from a short-
pitched hob design. The hob was short-pitched
to 14.5° normal pressure angle with a .0026
protuberance and a full .071 top radius. As a
result stock is still left. at the T.l.F. diameter
and a much larger fillet trochoid form is gener-
ated. Fig. 21 shows the final short-pitched hob
tooth fonn.

Fig. 22 shows a comparison of the two dif-

~ Greater Than +--IIoll!t--
Shaving Stock

(~Upon
D1ametrB~Pitch)

Roo! Fillet as
Generated by
Pre-Shaving Hob

Point of Maximum Undercut

-

Fig. 16 - Standard pre-shave tooth term.

No Stock. @ T.I.F. Diameter
..J~~~~~ T.I.F. Diameter

20° Pressure Angle
.040 Tip Radius

.0025 Protuberance

Fig. 17 - IGear tooth undercut which violates the T.I.F. dliameter.

20° Pressure Angle
.030 Tip iRadlus

.002 Protuberance

Fig. 18 - Acceptable gear tooth form.

20° Gen NPA

Fig. 19 - Hob rack form.
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14.5° Pressure Angle,
.071 Radius

.0026 Prot1Jberance

Fig. 20 - Gear tooth produced bV short pitch hob. __ _ _

14.5" Gen. NPA
HobTootl1

Fi .21 - Short pitched h,ob tooth form. __

ferent hob designs which both produced an
acceptable gear tooth design .•

20" NPA
Form

14.5" 'NPA
Form

References:
I. American Pfauter •. 1... ,I'. Gear Process Dynamics,
Malloy Lithography, inc., 19&5.
2. Barber Colman Company. Hob Handbook, Rockford,

IL,1954.

A.cknowledgement: Printed wUh permission of tile copy-
right holder, the Americ,a,n Gear Manllfac/llurs
Association, 1500 King SI., Alexandria, VA. 22314. Copies
are available from the association. The opinions, state-
ments and conclusion presenied are those of the Autllor
and in flO way represent theposition or opinion of AGMA.

Fig. 22 - Comparison of hob loolh forms.
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Amarill'o Gear Company ,combines
years of ,experience with quality
materials and workmanship to create
spiral beve:1gears that are a cut
above the field.

Amarillo builds high quality spiral
bevel gears up to 100 inches in
diameter for industriss across the
globe. Each set lis malnufacturedl for
quiet operation and durability to suit
the exact production requirements
of our customers.

Contact Amarillo, Gear about your
custom application. You'll find a
ready eer and a quick response to
your needs,

ASK fOR AMAR'I'O~rou ICAN' COON' ,OR I'.
AMARillO ,GEAR COMPANY

f'~!L P.o. Box 17S9, Amarillo, Texas 79105
.,~) (806) 622-1273

Y" TWX 910-898-4128/ Amadrive
FAX (806) 622-3258
CIRCLE A-11 O!'! IREADER REPLY ,CARD
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'his is how America gears
up for quality
Most of the universal CNC gear inspection systems sold in the
U.S. come from M&M Precision Systems. More than all our
compentors comnmeo,
Why?
Because M&M systems give you the strongest competitive
advantage.
How?
Consider these three examples:

Easi ... "'nspection
Once your part is on an M&M machine. the computer screen
prompts you to enter specifications. Then you tell it what fea-
tures you want to analyze. and the machine inspects the part.
The next time. all you do is enter me part number. It's that easy.

More capel _·lity
You get true ~notjust theoretical) index. lead and involute testing
using interactive Generative Metrology techniques. The in spec-
[ion 0' blanks and cutting tools as well as gears. SPC and cutting
tool software. And the ability to inspect gear surface finish, spiral
bevel and hypOld gears. worms, involute scrolls, and male/female
helical rotor vanes .

...... technicalllUpport, and ......
You'll get a choice of standard or custom engineered packages
with specific application software ..And M&M programs are
always written in English to avoid problems with translations
or cultural dIfferences. So you'll avoid clashes between your
American resu Its approach and other countries' process
approach.

Get all the fast. free facts in the Io-page M&M Universal
CNC Gear Inspection 5J1Stemsbrochure, (all 513/859-8273.

Or Fax 51:3/859-4452 today.
And put your quality in gear.

M&._MPRECISION
SYSTEMS Cfrporation

AN ACME·CLEVEIAND COMPANY

CIRCLE A·6 011 READ'ER RE,PLY CARD'
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ii his issue of Gear Technology marks

another milestone in the life of our

magazine. After publi hing 5 [ issues-

nearly 200 article containing close to 2.500

page. - we're ready 1.0' try . omething new.

This issue contains our first-ever Buyer's

Guide. This advertising directory, arranged by

company name and by product/service cate-

gories is another move on our part to provide

you, our reader', with important information

about the gear and gear products industries.

With that goal .in mind, we have included in

the guide not only information about our

adverti ers - some of (he biggest names in

gear machines and tooling, as well as other

firm providing servicesto the industry - but

also a list of gear schools and other informa-

tiona] and educational opportunities. We have

also printed, at the request of many of our Joyal

readers, a complete index of articles which

have appeared in Gear Teclmology arranged by

subject,providing a comprehen ive index. of

some of the most important gear research of

the .Ia I. decade. AU this extra information was

provided in the hope that The Buyer's 'Guide

E x T p H A. E

again and again.

will be an important reference you will use

Please take the lime to look 'through The

Buyer's Guide carefully. Let II· - and our

advertisers - know

whether you have

found it u eful. If you

have suggestions about

things you'd like to see

included in next year's

guide, or things you'd

like to. ee us do differ-

ently, please let us

know. Our goal is to

make The Buyer'

Guide a key source of

information for the gear

industry. We welcome

PUB,LISHER~S PAGE

your suggestions about way '10 make Gear

Technology and The Buyer's Guide even more

useful to YOLI.

~~

Michael Goldstein,

Publisher/Editor-in-Chief
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GEAR SCHOOLS

The AGMA Training School for Gear

Manufacturing

American Gear Manufacturers

A sociation

1500 King St., Suite 201

Alexandria, VA 22314-2730

(703) 684-0211

FAX (703) 684~0242

Contact: Kurt Medert

"Gear Process Dynamics CUrric"
American Pfauter Ltmited
Partnership,

1.35l Windsor Rd.

Loves Park, IL 61111-4294

(815) 282-3000 x 313

FAX (815) 282-3075

Contact: Laurie Harshbarger

The Gleason Works Gear School

The Gleason Works
1000 University Ave.

P.O. Box 22970

Rochester, NY 14692-2970

(716) 473-1000 FAX (716) 461-4348

Contact: Sean Gleeson

lTW Gear Training Program

rrw Components & Tools
3700 W. Lake Ave.

Glenview, IL 60025

(70S) 657-5065

FAX (708) 657-5035

Contact: Jean Ewald

"Fundamentals of Fine to Medium Pitch

Parallel Axis Gear Manufacturing"

Koepfer America Limited

Partnership
635 Schneider Dr.

S. Elgin, IL 60177

(708) 931-4121
FAX (708) 931-4192

Contact: Dennis R. Gimpert

,Z8GEAR TECHNOlOGY

Gear Manufacturing Tralning Program

National Broach & Machine Co ..

1.7500 Twenty Three Mile Rd,

Macomb, MI 48044

(3D) 263-0100

FAX (313): 263-4571

Contact: Sales Dept.

National Center for Advanced Gear

Manufacturing Technologies

Penn Smte University

Applied Re earch Laboratory

P.O. Box 30

State College, PA 16804

(814) 863-4214

FAX (814) 863-1183

Contact: Dr. S. B. Rao

Center for Industrial Heat Treating

Processes

University oli Ciincinnatci

500L Rhodes Hall

Ctncinnati.Dlf 45221-0072
(513) 556-27]0

FAX (5]3) 556-3390

Contact: Dr. A H. Soni

Center for Continuing Engineering

Education, College of Engineering &

Applied Science

University of Wisconsin -
MHwaukee

929 North Sixth Street

Milwaukee, WI 53203

(414) 227-3125

FAX (414) 227-3119

Contact: Richard G, Albers

SEMINARS

"Fall Technical Meeting"

"Gear Manufacturing Symposium"

American Gear Manufacturers
Association

1500 King St., Suite 201

Alexandria, VA 22314-2730

(703) 684-0211

FAX (703) 684-0242

Contact: Kurt. Medert

"1994 International Power

Transmission & Gearing Conference"

American Society of Mechanical

Engineers
345 East 47th Street

New York, NY 10017

(212) 705-7788

FAX (212) 705-7856

Contact: Leslie Friedman

"Gear Tool Resharpen.i.ng"

"PVD Thin Film Coating/Recoating"

Balzers Tool Coating, Inc.
661 Erie Ave.

North Tonawanda, ,Y 14120

(116) 693-8557

FAX (716) 695-1995

Contact: Fred Teeter

"Gear Manufacturing Solutions"

Bourn & Koch Machine Too1 Co.

2500 Kishwaukee St.

Rockford, .IL 61104

(815) 965-4013

FAX (815) 965·0019

Contact: Carl S. Eckberg

"Dudley's Gear Technology Seminar"
Dudley Technical. Group, Inc.

17150 Via Del Campo #308

San Diego, CA 92127

(619) 487-4678

FAX (619) 487-4893

Contact Dan Smith

"Gear Tooling,' "Gear Hobbing,"

"Gear Manufacturing"

Fette Tool. Systems

3725-1, North 126th si., P.O. Box. 9

Brookfield, WI 53005-0009

(4]4) 783-7606



FAX (414) 783-5043

Contact: Dave Mathe on

"Basic Gear Theory"

Fellows Corp ..

Precision Drive, P.O. Box 85 i

Springfield, VT 05156

(802) 886-8333

FAX (802) 886-2700

Contact: Nathan Ainsworth, Don

Scullin

"Industrial Gear Box Repair"

Hane InllllJStria~ TrainJng, Inc.
120 S. 7th St.

Terre Haute. m 47807

(812) 232-0753

FAX (812) 232-3978

Contact: Jerry Gosda

"Short Course on Gear Noise"

The Ohio State University
Department. of Mechanical Engineering

206 West l8th Avenue

Columbus,OH 43210-1 W7
(614) 292-3204

FAX (614) 292-3163

Contact: Dr. Donald Houser

"Advanced Gear Processing &

Manufacturing"

"Fundamentals of Gear Design and

Manufacture"
"Heat Treating & Hardening of Gears"

"Statistical Process Control for Gears"

"Bevel Gear Manufacturing"

SOciety of Ma.ouracturing Engineers
One SME Drive, P.O. Box 930

Dearborn. M[ 48121-0930

(3D) 271-15001

FAX (3]3) 271-2861

Contact: Michael G. Traicoff

'\Gear Mancfacmriagand Cutting Tools"

Star Cutter Company
P.O. Box 376

Fann:ington, M[ 48332-0376

*(313) 474-8200

FAX *(313) 474-9518

*Area code will be (8W) after 12/l/9J.
Contact Ms. Judy Curcio

"Deep Cryogenic Processing for Stress

Relief. Stabilization and Carbide

Precipitation"

300° Below, Inc.
2121 Inboden Ct.

Decatur, IL 62521

(217) 423-3070

FAX (217) 423-7214

Contact: Pete Paulin

"Basic and Advanced Gear Design and

Manufacturing"

Universal Technical Systems, Inc.
l220 Rock St.

Rockford. IL 61109
(815) 963-2220

FAX (815) 963-8884

Contact: Ken Kruger

"Geometry and Theory of Gearing,

Computerized Simulation of Meshing

and Contact"

University of Illinois aC.Chicago

Department of Mechanical Engineering

(m/c 251)

Box 4348

Chicago. IL 60680

(312) 996-2866

(312) 413-0447

Contact: Faydor L. Litvin

"Gear Design with Computer
Applicati.ons ..

Van Gerpen-Reeee Engineering
1502 Grand Blvd.

Cedar Falls. IA 50613

(319) 277-7673

FAX (319) 277-4236

Contact: Harlan Van Gerpen

RESEARCH INSTITUTIONS

ASME - Gear Research Institute
1944 University Lane

Lisle. IL 60532

(708) 241-0660

FAX (708) 241-0662

Contact: Dale Breen

UT Reseereh Institute
Gear and Bearing Center
10 West 35rh Street
Chicago, IL 60616-3799
(312) 567-4200

FAX (312) 567-4329

Contact: Dr. Maurice A. H. Howes

DIAMOND BLACK
TECHNOLOGIES, INC.
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Gear Technology Articles Index
By Subject

Ausfonnlng
"Finishing Gears by Ausforming." Arnateau & Cellitti,

Nov ..lDec.1987.

Basics
"Definitions of Gear Elements." Fellows Corp., Jan.rPeb.

1985.

Bevel Gears (See also Spiral Bevel Gears)
"Bevel Gear Development and Testing Procedure."

Gleason Works, July/Aug. 1986.
"Bevel Gear Manufacturing Troubleshooting Problems,"

Sebetic, Mar.lApr. 199L
"C C Bevel Gear Generators and Flared Cup Gear

Grinding," Krenzer, July/Aug. 1993.
"CNC Technology & the System-Independent

Manufacture of Spiral Bevel, Gear ." Wiener, Sept.lOct.
1992.

"Cutting Low-Pitch-Angle Bevel Gears; Worm Gears &
the Oil Entry Gap." Smith & Janninck, July/Aug. 1992.

"Design Guidelines for High-Capacity Bevel Gear
Systems." Drago, j'an.lFeb. 1992.

"Fundamentals of Bevel Gear Hard Cutting." Sharma,
Nov ..lDec. 1990.

"Gears for Non-Parallel Shafts." Hindhede, Sept.lOct.
1986.

"Kinematic Analysis of Robotic Bevel-Gear Train ."
Freudensrein, Longman & Chell, Nov.lDee. 1986.

"Technological Fundamentals of CBN Bevel Gear Finish
Grinding." Dodd & Kumar, Nov.lDec. 1985.

Blanks
"Gear Blanking." Endoy, May/June 1992.
"What Is Runout and Why Should I Worry about It?"

Smith, Jan./Feb. 1991.

CAD
"Computer-Aided Design for Gear Shaper Cutters."

Whitney, Nov.lDec. 1987.
"Computer-Aided Design of the Stress Analysis of an

Internal Spur Gear." Hwang er al, May/June 1988.
"Computer-Aided Spur Gear Tooth Design: An

Applrcation Driven Approach." Zarefar & Lawley,
Nov.lDee .. 1989.

"Computer-Aided Design (CAD) of Forging and
Extrusion Dies for the Production of Gears by Forming."
Kuhlman, Raghupathi, Horvat & Ostberg, Jan./Feb. 1985.

CRN
"CBN 'Grinding in Drive Train Components." Kumar &

Ratterman, Jan.lFeb. 1991.
"CC Controlled CBN Form Grinding." Gimpert,

MaylJune 1984.
"Comparative Load Capacity Evaluation of CBN-

Finished Gears." Drago, May/June 1990.
"Enhanced Product Performance through CBN
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'Grinding." Johnson & Ratterman, SepLlOct. 1988.
"Lower Grinding Costs and Better Workpiece Quality by

High Performance Grinding with CBN Wheels." Konig,
Yegenoglu & Stuckenholz, Jan./Feb. 1986.

"Mirror Finishing of Tooth Surfaces Using a Trial Gear
Grinder with a Cubic-Boron-Nitride Wheel." Ishibashi,
Ewe & Tanaka, Nov.lDec. 1.986.

"Surface Fatigue Life of CBN and Vitreous Ground
Carburized and Hardened AISI 9310 Spur Gears."
Townsend & Patel, Jan.lFeb. 1990.

"Technological Fundamentals of CBN Bevel Gear Finish
Grinding." Dodd & Kumar, Nov.lDec. 1985.

Chamfering
"Gear Tip Chamfer and Gear Noise: Surface Measure of

Spiral Bevel Gear Teeth." Janninck & Smith, July/Aug.
1.993.

CNC
"CNC Bevel Gear Generators and Flared Cup Gear

Grinding." Krenzer, July/Aug. 1993.
"C C 'Gear Shaping." Sulzer. Mar.lApr. 1986.
"CNC Controlled CB Form Grinding." Gimpert,

May/June 1984.
"CNC Technology & the System-Independent

Manufacture of Spiral Bevel Gears." Wiener, Sept/Oct.
1992.

"Economics of CNC Gear Gashing vs. Large D. P.
Hobbing." Coniglio, Aug.JSept 1984.

"Economics of CNC Gear Hobbing." Sulzer, Mal'.lApr.
1.987.

"Gear Shaping Machines: CNC Development." Lange,
Nov.lDec. 1985.

Computers
"A Computer Solution for the Dynamic Load, Lubricant,

Film Thickness and Surface Temperatures in Spiral Bevel
Gears." Chao, Baxter & Cheng, Mar.lApr. 1.986.

"A Microcomputer Program to Calculate Spur Gears."
Yelle, Gauvin & Nguyen, July/Aug. 1.988.

"Computerized Recycling of Used Gear Shaver Cutters."
Van Gerpen & Reece, May/June 1993.

"Doing It Righi. and Faster ... Computer Technology in
Gear Design." Gitchel, May/June 1992.

"Initial Design of Gears Using an Artificial Neural Net."
Jeong, Kieher & Zab, May/June 1993.

"Practical Optimization of Helical Gears Using
Computer Software." Sansalvador & Jauregui C; May/June
]993.

'Coolants (Cutting Fluids),
"Cutting Fluid Selection and Process Control for the

Gear Manufacturing Industry." Tripp, July/Aug. 1987.
"Environmentally Safe Cutting Fluids for Industrial

Cutting, Lubrication & Cleaning." Vandewalle, Jan.lFeb.
1993..



Couplings
"Curvic Coupling Design." Gleason Works, Nov.lDee.

m986.
"Give Your Hears a Break - Select the Right

Coupling." Jakuba, MayJ.!fune1987.
Crowning

"Crowned Spur 'Gears: Optimal Geometry &
Generation." Litvin, Zhang, Chaing, Coy & Handschuh,
Sept/Oct. 1988.

"Crowning: A Cheap Fix for Noise Reduction and
Misalignment Problems and Applications." Young,
MaL/Apr. ]987.

"Hobbing Ridges; Crooked Teeth; Crown Shaving."
Janninck & McVittie. Mar.lApr. 1992.

Cutting Tools
"Advantages of Titanium Nitride Coated Gear Tools."

Kelly. May/June 1984.
"Carbide Hobs," Phillips, May/June 1991.
"Computer-Aided Design for Gear Shaper Cutters."

Whitney. Nov.lDec. 1987.
"Design and Selection of Hobs." Phillips. Mar.lApr.

J986,
"Effect of Reverse Hobbing At a High Speed." Ainoura

& Nagano, Mar.lApr. 1987.
"Effects of Hob Quality & Resharpening Errors on

Generati ng Accuracy." Cluff, Sept.lOcl. .1987.
"Factors Affecting Shaper CUHer Selection:' Fellows

Corp .., July/Aug. L985.
"Gear Generating Using Rack Cutters." Miller, OctlNov.

1984.
"Hard Cutting - A Competitive Process in High Quality

Gear Production." Klein. May/June 1987.
"Hard Gear Processing with Skiving Hobs." Loy,

Mar.JApr .. 1985.
"High Technology Hobs." Janninck, bn.lFeb. 1993.
"Hob Length Effects." Kotlyar, Sept.lOc!.1985.
"Multi-Thread Hobs with New Cutting Diagrams."

Smirnov . .!fuly/Aug. 199'1.
"New Cutting Tool Developments in Gear Shaping

Technology," Crockett, Jan./Feb.1993.
"Shaper Cutters - Design & Application -Part L"

Janninck, Mar.lApr. 1990.
"Shaper Cutters - Design & Application - Part II."

Ianninck, May/Julle 1990.
"The Process of Gear Shaving." Dugas. Jan.lFeb. 1986.
"The Right and Wrong of Modem Hob Sharpening."

Moderow, Jan.zfeb, 1992,
"The Wafer Shaper Cutter." Haug MarJApr. 1989.
''Tooth Forms for Hobs." Starcut Sales, Mar.lApr. 1985.
"Using Hobs for Skiving." McElroy, MaylJune 1993.

Deburrlng
"Deburring and Finishing Gears with Power Brushes."

Pishek, Mar./Apr. 1989.

Design
"A Logical Procedure for Determining Gear Size."

Tucker. Nov.lDee. 1986.
hA New Method for Designing Worm Gears." Octrue,

July/Aug. 1989.
"A Rational Procedure for Designing Minimum-Weight

Gears." Brrichello, Nov.lDee. 1991.
"Analyzing Gear Tooth as a Function of ToollJ Contact

Pattern Shape and Posit jon." Wilcox. Jan.lFeb. 1985.
"Application Analysis," Bradley & McVittie, .hm.lFeb.

1993.
"Approximating an Involute Tooth Profile." Billhardt,

Sept/Oct, 1990.
"Basic Gear Generation - Designing the Teeth,"

Moderow, Sept.lOct 1991,
"Basic Spur Gear Design," Janninck, Nov.JDee. 1988,
"Bevel Gear Development and Testing Procedure."

Gleason Works •July/Aug, 1986.
"Calculation of Optimum Tooth flank Corrections for

Helical Gears." Weck & Mauer. Sept/Oct. 1988.
"Calculation of Spur 'Gear Tooth Flexibility by the

Complex Potential Method." Cardon & Tordion, Sept./Ocl.
1985.

"Classification of Types of Gear Tooth Wear - Part I."
Faure. Nov.lDec. 1992.

"Classification of Types of Gear Tooth Wear - Part n."
Faure • .Jan./Feb .. 1993.

"Computer-Aided Design of the Stress Analysis of an
Internal Spur Hear." Hwang & Guenther. May/June 1988.

"Computer-Aided Spur Hear Tooth Design: An
Application Driven Approach .." Zarefar & Lawley.
Nov.lDee. 1.989.

"Coile Drive Double Enveloping Wonn Gearing Design
and Manufacturing." Loveless. Oct/Nov, 1984.

"Coni act Analysis of Gears Using a Combined Finite
Element and Surface Integral Method," Vijayakar &
Houser, July/Aug, 1993.

"Contact Surface Topology of Worm Gear Teeth."
Janninck, Ma:rJApr. 1988.

"Crowned Spur Hears: Optimal Geometry &
Generation." Litvin •.Zhang •.Chaing, Coy & Handschuh,
Sept/Oct. 1.988.

"Curvilinear Cylindrical Gears." Shue-Tseng, MaylJune
1988.

"Describing Non-Standard Gears - An Alternative to
the Rack. Shift Coefficient." Mcvittie, Jan./Feb.1988.

"Design and Manufacture of Machined Plastic Gears -
PartI." Chen & Juarbe, May/June 1985,

"De iign and Manufacture of Machined Plastic Gears -
Part Il." Chen & Juarbe, July/Aug, 1985.

"Design of Internal Helical Gears." Buckingham &
Buckingham, Mar'/Apr. 1989.

"Design Guidelines for High-Capacity Bevel Gear
Systems." Drago, Jan ../Feb. 1992.

"Design of Involute 'Gear Teeth." Fellows Corp.,
Oct/Nov. 19'84.

"Determination of Gear Ratios." Orthwein, Aug.lSept.
1984..

"Doing It Right and Faster ... Computer Technology in
Gear Design." Girchel, May/June 1992.

"Dynamic Loads in Parallel Shaft Transmissions - Part
L" Lin, Huston & Coy, Mar.lApr. 1990.

"Dynamic Loads in Parallel Shaft Transmissions - Part
IL" Lin, Huston & Coy, May/June 1.990.

"Dynamic Analysis of Straigh! and Involute Tooth
Forms." Lin, Huston & Coy., July/Aug. J985.

"Elementary Theory for the Synthe is of Constant
Direction Pointing Chariots (or Rotation Neutralizers)."
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Bagci, Nov.lDee. 1988.
"Endurance Limit for Contact Stress ill Gears." Mudd &

France, Oct/Nov. 1984.
"Fillet Geometry of Ground Gear Teeth." Castellani, &

Zanotti, J~n.lFeb. 1989.
"Finding Gear Teeth Ratios." Orthwein, Nov.lDec. 1985.
"Form Diameter of Gears." Van Gerpen & Reece.

May/June 1989.
"Functions of Gearing and Applications of the Involute
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"Gear Generation Using Rack Cutters." Miller, OctlNov.
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2." Dugas, May/June 1992.
"Hobbing Ridges; Crooked Teeth; Crown Shaving."

Janninck & McV:ittie, Mar'/Apr. 1992.
"The Process of Gear Shaving." Dugas, JaJi\,/Feb. 1986.
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1992.

"Gear Tip Chamfer and Gear Noise: Surface Measure of
Spiral Bevel Gea.r Teeth." lanninck & Smith, July/Aug.
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"Pressure Angle Changes in the Transverse Plane for
Circular Cut Spiral Bevel Gears." Huston & Coy, Sept./Oct.
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"Involute Spline Size Inspection." Janninck & Nielsen,

Mar.! Apr. 1985.

Spur Gears
"A Microcomputer Program to Calculate Spur Gears, "

Yelle, Gauvin and Nguyen, July/Aug. 1988.
"Basic Spur Gear Design." Janninck, Nov.lDec. 1988.
"Calculation of Spur Gear Tooth Flexibility by the

Complex Potential Method." Cardou & Tordion, Sept.lOct.
1985.

"Computer-Aided Design of the Stress Analysis of an
lnternal Spur Gear." Hwang & Guenther, May/June 1988,

"Computer-Aided Spur Gear Tooth Design: An
Application Driven Approach." Zarefar & Lawley,
Nov.lDec. 1989..

"Crowned Spur Gears: Optimal Geometry &



Generation." Litvin, Zhang, Chaing, Coy & Handschuh,
Sept/Oct. 1988.

"Effect of Shot Peening on Surfacing Fatigue Life of
Carburized and Hardened A]SI 9310 Spur Gears."
Townsend & Zaretsky. Jan.lFeb. 1.986.

"Gear Tooth Scoring Design Considerations for Spur and
Helical Gearing." Lynwander, May/June 1985,

"Grinding of : pur and Helical Gears." Rao, July/Aug.
1992.

"~n~o-Me h Lubrication of Spur Gear with Arbitrary
Offet Oil. Jet - Part I." Akin & Townsend MaylJune
]989.

"Into-Mesh Lubrication of Spur Gears with Arbitrary
Off et OJ[ Jet - Pan Il." Akin & Town end, July/Aug.
~989

"Longirudinal Load Distribution Factor for Straddle- and
Overhang-Mounted Spur Gears." Tobe & Inoue, July/Aug.
1987.

"Lubricant Jet Flow Phenomena in Spur and Helical
Gear ." Akin & Townsend, .Ian.fFeb. 1987.

"Predicted Effect of Dynamic Load on Pitting Fatigue
Life for Low-Contact-Ratio Spur Gears." Lewicki,
Mar.lApr. 1989.

"Selection of a Proper Oall Size [0 Check an Iavolute
Spur or Helical Gear Tooth." Reece & Van Gerpen,
SeptJOct. ]987.

"SPUT GeM Fundamentals." Hindhede, Jan/Feb, [989.
"Systematic Approach to De igning Pta tic Spur and

Helical Gears." Paquet, ovJDec. 1989.
"Tooth Strength Study of Spur Planet Gears." Drago &

Uppaluri, Sept/Oct. 1986,

Standards
"A Review of AGMA, [SO,and as Gear Standards. Part

1- Pitting."Walton, Shi& Taylor, Nov.lDee .. 1990.
"A Review of AGMA, ISO. and OS 'Gear Standards. Pan

n." Walton, Shi & Taylor,. Jan.lFeb. 1991.

Statisticall Process eontr()i'(SPC)
"Applying Process Control to Gear Manufacturing."

Sebetic, Mar.! Apr. 1992.
"SPC Acceptance of Gear Hnbbing & Shaping

Machines." Cluff. Sept.lOct. 1991.

mace Temperatures
..A Computer Solution for the Dynamic Load, Lubricant,

Film Thickness and Surface Temperatures in Spiral Bevel
Gears." Chao, Baxter & Cheng, Mar.lApr. 1986.

"Maximum Surface Temperature of the Thermopla lie
Gearin a Non-Lubricated Plastic/Sleel Gear Pair," Gauvin.
Girard & Yene, Aug.lSept. ]984.

Tables (See al'soRa ic , Mathema.Ucs.)
"Base Pitch Tables." Janninck, epl./Oct. 1992.
"S] Units - Measurements & Bquivaleacies." Jakuba,

SeptJOct. 1988.
"Useful Information." July/Aug. 1986.

Transmission Error
"Transmission Errors & Bearing Contact of Gears,"

Litvin, Zhang, Lee & Handschuh, July/Aug. 1990.
"Relationship of Measured. Gear Noi eto Measured Gear

nan mission Errol'S.." Smith, Jan.lFeb. 1.988.

Troubleshooting
"Bevel Gear Manufacturing Troableshoonng Problem ,"

Sebetic, Mar.lA:pr. 1991.
"Identification & Correction of Damaging Resonances

in Gear Drives." El-Bayoumy, Aug./Sept. 1.984.
"Identification of 'Gear Noise with Single Flank

Composite Measurement." Smith, Mayllune 1986.
"New Techniques for Aligning and Maintaining Large

Ring Gears." Antcsiewicz, Sept/Oct 1985.

Wear
"Calculation of Slow Speed Wcar of Lubricated Gears,"

Winter & Plewe. Nov'/Dec. ]985.
"Classification of Types of Gear Tooth Wear - Part I."

Faure, Nov.lDee. 1.'99'2.
"Classifieation of Types of Gear Tooth Wear - Pan U."

Faure, .l'anJFeb. 1993.
"Comparing Surface Failure Modes in Bearing &

Gears." Moyer. July/Aug. 1992.
"Effect of Shot Peening on Surfacing Fatigue Life of

Carburized and Hardened AlSI 9310 Spur 'Gears."
Townsend & Zaret kyo Jan..lFeb. 1986.

"Effect of MoS2 Films on Scoring Re i ranee of Gear ."
Terauchi, Hadano, & Kohne, .l'uly/Aug. 1.986.

"Gear Tooth Scoring Design Con iderations for Spur
and Helical Gearing." Lynwander, May/June 1985.

"Gear In pection; Hob Wear Que tion ." Janninck,
MadApr. 199 L

"Influence of Geometrical Parameter on the Gear
Scuffing Criterion - Part I," Polder, Mar.lApr. 1987.

"Influence of Geometrical. Parameters on the Gear
SCUffing Criterion - Part II." Polder, May/June 1981.

"Predicted Effect of Dynamic Load on Pitting Fatigue
Life for Low-Contact-Ratio Spur Gears." Lewicki,
Mar.lApr. 1.989'.

"Surface Fatigue Life of CBNand Vitreou . Ground
Carburized and Hardened AISI 93 [0 Spur Gears."
Townsend & Patel, Jan.IFeb. 1990'.

"Surface Pitting Fatigue Life of Noninvolute, Low-
Contact-Ratio Gears," Townsend, May/.l'une 1991.

Worm. 'Gears
"A New Melhod far De igning Worm Gears." Octrue,

July/Aug. 1989.
"Coarse Pitch Worms." Sharma, May/Junel993.
'Cone Drive Double Enveloping Worm Gearing Design

and Manufacturing ." Loveless, Oct-lNov. 1984.
"Contact Surface Topology of Worm Gear Teeth."

Janninck, Mar.lApr. 1988.
"Cutting Low-Pitch-Angle Bevel Gears; Worm Gears &

the Oil Entry Gap." Smith & Janninck, Jllly/Aug. 1992.
"Improved Worm Gear Performance with Colloidal

MoS2-Containing Lubricants." Pachnlke & Marshek,
Nov.lDee, 1988.

"Introduction to Worm Gears." Simonelli, Mar.lApr.
1993.

"Limitation of Worm and Wonn Gear Surface to Avoid
Undercutting ....Kin. Nov.lOee. ]990.

"The Effect of Lubricant Traction on Wormgear
Efficiency." Murphy et al., Jan.lFeb . .1985.
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This isan advertising directory and is not to be construed as a comprehensive listing. For more

information about a specific supplier, cirelathe reader service' number on one of the response cards
Ilocated on ipagl9s 9 or 41.

ABARWSEN
INDUSTRIES, LNC.,
3260' Tillman Drive, Bensalem, PA
19020. (800) 374-7736 or (215) 244-
4900; FAX (215): 244-7954. Contact:
Tom Farrell, Jr.
R. S.# A-47

AMARILLO GEAR CO.
P.O. Box 1789, Ama:rmo, TX 79205
(806) 622-1273 FAX (806) 622-3258.
Contact: Billy Pyeatt.
R. S. # A-U

AMERICAN PFAUTER, LIMITED
PARTNERS HlP
1351 Windsor Road, Loves Park, IL
61 Hl-4294. (8J5) 282-3000; FAX
(8l5) 282-3075. Contact: Robert A.
Dunlap.
R.,S.#A-l

BASIC INCORPQRA TED
GROUP
P.O .. Box 36276, Los Angeles, CA
90036. (213) 933-0311 FAX (213)
933-7487. Contact Terry Wolf.
R. S. flA.-tO

BOVRN&KOCH
MAClHNE 'i[100L CO.
2500 Kishwaukee Strees, Rockford, rL
61104. (815) 965-40BFAX (815)
965-00]9. Contact Carl S. Eckberg.
R. S.# A-IS

CIA TEQ, A.C.
Calzada del Rerablo o. J SO,
Queretaro, Qro .. Mexico, 76150 (52)
42 1638 08 FAX (52) 42 1699' 63.
Contact Juan Jauregui C.
R. S. #A-22

DIAMOND BLA K
TECHNOLOGY, mc ..
]I 0.0 Somerset Dri ve, Conover, NC
28613. (800) 368·9968 FAX (704)
322-4636. Contact: AIm Spuller,
R.S.IIA-U

,38'GEAR TECHNOLOGV

DlANAMIC® ABRASIVE
PRODUCTS, mc.
2566 Industrial Row. Troy, Ml 48084.
(8]0) 280,-] 185 FAX .(8lO) 280..2733.

om act: George 1. Collins.
R. S. # A·24

IDiBnamic~ Abrasive Products, Inc.
-Manufacturers of Wei Finest,

Quality Assured,
Slogle layer Superabf'\8sive Products

available lin the U.S.A.

Dianamic specializes in 'gear forms
and other tight tolerance ~orms.

iDIA!NAMIC,®
bra.iva, Products Inc .•

2566 Industrial Row- Troy. Michigan 48084
Tel: 1.81OJ200·1185 Fax: (610J 200·2733

R. S. ## A·24

FAIRLANEGEAR,.INC.
P.O. Box. 409A, Plymouth, M[ 48170.
(800) 837-1773 or (313) 459-2440 .FAX
(313) 459-2941. Contact: Bob Turke.
R. S.ft A·'

GM.
6708 [vandale Road, Independence. OH
44BL (216) 642.!0230 FAX (216) 642-
0231. Contact: BiU McElroy.
R.S.#A~51

HALIFAX RACK & SCREW
CUTTING CO.
Armytage .Road, Rrlghouse, Wes[
Yorkshire HD6 lQA England. +44 484
714667 FAX +44484 712532. Contact
Terry Allsopp.
It.S. #A·25

K.B. HUPP.ERT COMPANY
1.6850 South State St., SOIlIh Holland, '
IL 60473-2881. (708) 339-2020 FAX
(70S) 339-2225. Contact: Gary
Huppert,
R. s.s A-8

I ;
IIIITW Components and Tools

II Hohs
• f\1askr Gears
II Shape!" Cutten;
II Spiroid Gears
II Components

IJ'IlY,'Com,ponents, and Tools""'_TooI_~3100_~"' ..... " __ .Il_
I'hoIw _7.502:1 • Fax: 1UHs7-5005

R. S. # A·29

JAMES TECHNOLOGIES
CORPORA TLON
4732 Pearl SI., Boulder, CO 8030 I.
(303) 444-6337 FAX (303) 444-6561.
Contact Jim Richard .
R.S ..#A·12

M & M PRECISION
SYSTEMS CORP.
300 Progress Road, We r Carrollton. OH
45449. (513) 859-8273 FAX (513) 859-
4452. Contact: Ellen Raichle.
R.S. 1# A-6,

MTMKONIG
Mairr-Tsuber-Maschinenbau GmbH. Am
Stammholz, Werthen», Germany
D97877. (49) 9342 876 14 FAX(49)
9342 876 25. Contact: Horst Konig.
RS.#A-J4

MERIT C.EAR CORPORA nON
3701 Durand Ave., Suite 327, Racine,
WI 5340.1. (800) 75-MERIT FAX (414}
554-3310. Contact; Suzi Zierten,
R.S.#A-20

MITSUB[ I'll MACHINE
TOOL U A, INC.
907 W. Irving Park: Rd .• Ita ca, IL
60143. (708) 8604222 FAX (708) 860-
4233. Contact Rick Reenan,
R.S. ## A-SO



This is an advertisinq directory and is not to be construed as a ccmnrehsnslve listing. For more
information about a specific suppfler; circle the reader service number on one of the' response cards
located on pages 9 or 41.

B!ROACHI!N'G IEQUIPMlE'NT
ELMASS NORTH AMERICA, INC.
N. [14 W. [9320 Clinton Dr.,
Germantown, W[ 53022. (414) 255-
5644 FAX (414) 255-6509. Contact:
Markus Meinhardt.
R ..S..#A·34

Nationall Broach
& Ma,chine ce.

Gearing the World. for
Tomorrow

1'7500 Twenty Three Mile Road
Macomb, Michigan 48044

(313) 263·0100
FAX (313) 263-4571

R. S..#A-19

CNC GRINDlN:Gi WHIEIEL
DRESSEIRS:

NORMAC, INC.
Airport Road Industrial Park. Arden. N
28704. (704) 684-1002 FAX (704) 684-
]384. Contact: R. M. Bodie.
R.•S.iA-IS

G,EAR BLANKS - !BRONZE
ACCURATE SPECIAL nES INC.
NI2 W24360 Bluemound Rd.,. Waukesha,
WI 53188. (414) 547-5450 FAX (414)
547-5892. Contact Greg Wilkey.
R.S. #A·38

G,EAR CUnlNG TOOLS
GMI
6708 lvandale Rd., Independence. OH
44]3L (216) 642·0230 FAX (216)
642-0231. Contact: Bill McEki>Y.
R. S. # A·51

40 GEAR TECHNOLOGY

r-:

1111iITW Components and Tools

1.IIobs
I!!I Master Gears
• Shaper Cutters
• Spiroid GearsI. Components

mwComponents and Too:ls,
"" _. ToofWoil<s eo.--..
31OOWOO1lB101 ,,_ • <>-_.!L __ .~-= . F"", 708-6S7-503S

R. s..# A·29

IRoto~Flo Spline Rolling
Machines & Tools

Gear Shaving Cutters

Gear Hones

Micromatic Textron
P.O. Box 548

Swannanoa, NC 28778
Ph: 704·686-5486

R. S.#A-35

Natiionall Broach
'& Machine co,==Gearingthe World for

Tomorrow
17500 Twenty Three Mile Road

Macomb, Michigan 48044
(313) 263-0100

FAX (313) .263-4571

R. S. # A·19

PFAUTER-MAAG CUTTING
TOOLS, LlMJTED PARTNERSHIP
\351 Windsor Rd., Loves Park, IL
611 1I. (815) 877·8'900 FAX (815)
877-0264. Contact: Jerry D. Knoy.
R. S. /# A·2

STAR CUT SALES
P.O. Box 376, Farmington, MI 48332·
0376. (313) 474-8200 FAX (313) 474·
9518. Contact: Bill Maples.
R. S.# A-4

SUI America supplies the full'
line of g;ear cutting; tools and
GNG machinery. Some of our
products are shaving cutters,
hobs, shaper cutters, thread
g:rinding: equipment .... Please
call for more inIormatJol'l. Tel.
(3113) 548·7177, Fax (313.)
548-4443.

SU AIMERIICA, INC.

R. S.# A·37

'GlAR F;I:NIISHIING
IMA.ICHINES

GM1
6708 Ivandale Rd., Independence, OH
44131. (216) 642-0230 FAX (216)
642-0231. Contact: Bill McElroy.
R..S.# A·51

MITSUBlsm MACHINE
TOOL USA, INC.
907 W. Irving Park. Rd., Itasca, IL
6'0]43. (708) 860-4222 AX (708)
860·4233. Contact: Rick Reenan.
R. S. # A·SO



MOORE PRODUCTS CO.
Sumneytown Pike, Springhouse, PA
194m. (215) 646-7400 FAX (215) 283-
6358. Contact: Matt Thomp on.
R.S.#A·5

NAT10NAL BROACH AND
MACHINE CO.
17500 Twenty Three Mile Road, Macomb,
MI 48044. (313) 263-0100 FAX (313)
263-4571. Contact: Ray Wagner.
R.S.#A·19

NlAGARA GEAR CORP.
941 Mihtary Road, Buffalo, NY 14217-
2590. (716) 874-3131 FAX (716) 874-
9003. Contact: Dennis Klirnko,
R. S.#A·23

NORMAC, INC.
Airport Road Industrial Park, Arden, NC
28704. (704) 684-1002 FAX (704) 684-
1384. Contact Ray Bodie.
R. S.#A·15

PARKER INDUSTR1ES, INC.
1650 Sycamore Ave., Bohemia, NY
Jl716. (516) 567-1000 FAX (516) 567-
1355. Contact: George Parker.
R.S. # A·9

PFAUTER-MAAG CU1TING
TOOLS LIMITED PARTNERSIDP
1351 Windsor Road, Loves Park, lL
61111. (815) 877-8900 FAX. (815) 877-
0264. Contact: Jerry Knoy.
R. S.#A·2

HEDIN CORPORATION
1817 18th Avenue, Rockford, [L 61104.
(815) 398·1010 FAX (815) 398·1055.
Contact: Fred Johnson.
R.S.#.A-21

REISHAUER CORP.
1525 Holmes Road, Elgin, IL 60123..
(708) 888-3828 FAX (708) 888-0343.
Contact: Dennis Richmond.
R.S.#A·42

ROTO·TECHNOLOGY
35 I Fame Road, Dayton, OH 45449-
2388. (513) 859-8503 FAX (513) 859-
0656. Contact: Esther Mun ey
R. S.# A·I7

RUSSELL, HOLBROOK &
H"EN"DERSON
Two North si., Waldwick, NJ 07463.
(201) 670-4220 FAX (201) 670-4266 ..
Contact Kazunobu Agu,
.R. S..#A·16

STAR CUTTER COMPAN~Y
2346] Industrial Park Drive, Farmington
Hills, MI 48335. (313) 474-8200 FAX
(313) 474-9518 ..Contact: Bill Maples.
R.S.#A·4 -

• IUSIER.-FRIENIDLV
IIBM! COMPAT!IBLE

• ECOIN!OMIICAUV IP,RICED'
AND'SIZED'

GEARS .•SPLIIN!ES •.
D MUCH MORE
TlCnSTlN,G

- ---- I.' CHECKSm HOBSAN
• AUTOMA

I ,

I E ,

0I
I

m[ ." II D[..
I
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-

SPACING/IIND':EX, LiEA'D, INVOLUTE P,ROFILE

Lnc.
.: 3!;1 1'11. .....£ I'IOII.D' OIl.'ffON, OHIO 454<\9

~~~. (513) 659-6503' FAX /I (513) 665-0656' 1·800·675·7686

Bourn & Koch CIN Form, Grinder

For all your gear 1tUJ1II(acturing
requ,,'eme7lls. whether it be new or
remanufactured, retrofitted or
rebuilt 8arber-ColmJ.m getU'
equipment. Bourn & Koch can rrJler
you 1M "Best Fir Solution. ..

ITaCHII'1e 'RXIL CD.
~d"~MImN TOO/OIw/IIoIm
2600 I<I8hwaukee SL
Rac:ktord. IL &1104
8f&'88&.4013 Fa.11I/IIIIoCI01I

'CIRCI.'E A·18 on RE11.lDER,R.EPI..YCARD
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G,EAR FORMI!NG M1A'CHI'NES

Roto-Flo Spli.ne Rollingl
Machines & Tool's

Gear Shavingl Cutters

Gear Hones

Micromatic Textron
345 lEast 48th Street

Holland, MI 49423
Ph: 616-392-1461

R. S. #A·52

IGEAR GRINDING MACHilNES
AMERJCAN PFAUTER LIM~TED
PARTNERSHIP
1351 Windsor Rd., Loves Park. L 61111-
4294. (815) 282-3000 .FAX (815) 282-
3075. Ccmaet; Robert A. Dunlap.
R. S.#A-I

Naliiona'i ,Broach
'& Machine Co,.

~-"~'. v __,-~
Gearing the World for

'Iomorrow
17500 Twenty Three Mile Road

Macomb, Michigan 48044
(313) 263-01!00

FAX (313) 263-4571

R. S. # A·19'

IGE.ARIHOBBING, MACHII'NES
Al\IlER1CAN PFAUTER LlMITED
PARTNERSHIP
13S1 Windsor Rd., Loves Park, IL 61]J 1-
4294. (815) 282-3000 FAX (8IS) 282·
3075. Contact: Robert A. Dunlap.
R. S.# A-I

CHUNYANG
lNDUSTRlAL CO., LTD.
No. ]0 Lane 126, Sec. 3. Chung Yang
Rd .. Tu-Cheng Shiang, Taipei Hsien,
Taiwan. R.O.C. 886-2-2603681 FAX
886-4-532-0394. 886-2-262-3025.
Contact: Victor Wang.
R. S.# A-39'

MnSUBISIfl MACHlNE
TOOL USA,. rNC.
907 W. Irvi ng Park Rd., Itasca, [L
60143. (708) 860-4222 FAX (708) 860-
4233. Contact: Rick Reenan,
R. S.# A-50

GEAR INSPIECTIION'
'EQUIPMEN,T

Gear measurement instrument
used on the manufacturing float with

HIGH PRECilSION

• Automatic/semi-automatic
• Gear dimension gages
• Manual Gea,rRoll'Elrs

2624 S. 162nd St.,. New Berlin, WI 53151I -T~I(414) 827-0558, Fax (414) 782-32J!O

R.S. # A·49

M & M PRECISION
SYSTEMS CORPORATION
300 Progress Rd .• West Carrollton, OH
45449. (513) 859-8273 FAX (513)
859-4452 ..Contact: Ellen Raichle.
R. S.# A·6

Predsion Technolegies
International Ltd ..
formerly Spline Masters

• Master Gears
• Spline Gauge
• Spline Arbor

I

I,

Can for brochure or quote:
212-593-2038

R. S. # A·53

GEA!R MEASURING
MACHINES

M & M PRECISION
SYSTEMS CORPORATION
300 Progress Rd., West Carrollton • .oH
45449. (513) 859-8273 FAX (513)
859-4452. Contact: Ellen Raichle,
R. S.#A-6

GEA'R,SHAPING,
MACHINES

AMER1CAN PiFAUTER LIMITED
PARTNERSHIP'
]351 Windsor Rd .•.Loves Park. L 61111-
4294. (8]5) 282-3000 FAX (815) 282-
3075. Contact Robert A. Dunlap.
R.S.#A-I

MITSUBISHI MACHINE
TOOL USA, INC.
907 W. Irving Park Rd., Itasca, IL
60143. (708) 860-4222 FAX (708)
860-4233. Contact: Rick Reenan,
R. S. # A-50

OEAR T!ESTERS
M & M PRECISION
SYSTEMS CORPORA nON
300 Progress Rd .• West Carrollton, OH
45449. (513) 859-8273 FAX (513) 859-
4452. Contact Ellen Raichle,
R. S..# A-6

G,EAR:WORKHOLDING ID!E.VICES
SCB"UNK INTEC,.INC.
2925 Huntleigh Drive, #200. Raleigh,
'C 27604. (919) 954-1752 FAX (9l9)
954-1869. Contact: Caroline Ellison.
R. S. # A·40

GR~NIDII.NGWHEELS
nIANAMIC® ABRASIVE
PRODUCTS, INC.
2566 Industrial Row. Troy. MI 48084.
(810) 280-] 185 FAX (810) 280-2733.
Contact: George J. Collins.

IDianamic· Abrasive Products, Inc.
Manufacwre~s of the' Finest.

QualityAssured,
Single Layer Superabrasive Products,

- available in d1e U.S.A.

Oianamic" specializes in gear forms
and od1er tight tolerance f'Of'ms.

~~~I.2.
2566 Industri61 l=Iow • Troy, 'Michigan 48084
Tel: [810)290·1185 Fax:[810)280-2733

R. S.# A·24

HARDNESS TESTERS
KRAUTKRAMERBRANSON
50 lndusrrial Park Rd., Lewistown, PA
17044 .. (717) 242-0327 FAX (717) 242-
2606. Contact: Jim Fultz.
R. S. # A·41

BEAT TRE.ATING IEQUIPMENT
ADAR IPSEN INDUSTRIES
3260 Tillman Drive. Bensalem, PA 19020.
(800) 374-7736. (215) 244-4900 FAX
(215) 244-7954. Contact: Tom Farrell
R. S.#A·47

IINDucnON GEAR: HARDENING
SCANNERS, ULTRA .cASE ONE

SHOT IHARDENING
COMP,LETE IFACTORY CELLS

C.AJLLTOLL FRE.E
1~BOO547 ~1527

Ajax Map'~"mIP:
R. S. # A·43 -,-- ......-~---
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ktnigdord
"THE FIRST NAME" IN GEAR

MACHINE & TEST1NG ARBORS
• PROVEN QUALITY

• SHORT DELIVERY TIME
• SERVICE IN THE U. S.
• DESIGN fOR ACCURACY

AND PERFORMANCE

• COMPETITIVE PRICE

Main-Tauber- Maschinenbau GmbH
Am Stammholz

D·97877 Wertheim
Germany

Phone: 01149/9342/876-14
Fax: 01149/93421876-25

CIFlCl'E A-1'4 on FlEADERREPl Y CARD

CIRCl.E A-l'6 on READERi REPLY CARD'

42 O'EAR TECHNOLOQV

IHIEATTREATll'NGi EQUlP.M,ENT
NDUCTOHEAT INC.
32251 N. Avis Dr .• Madison Heights, MI
48071. (800) 624-6297, (313) 585-9393
After Dec. 1,810 area code. PAX (3[3)
589-1062. Contact; Sales Dept
R. S.#A·44

PILLAR. INDUSTRIES
N92 W15800 Megal Drive. Menomonee
Falls, WI 53051. (414) 255-6470 FAX
(414) 255-0359. Contact: Frank Wilson.
R.S.#A-45

SURFACE COMBUSTION. INC.
1700 Indian Wood Circle. Maumee. OH
43537. (419) 891-7150, (800') 537-8980'
FAX (419) 891-7151. Contact: David L.
Hughes.
R. S.#A-46

-----

Froc iliIZ-P;tgc ~"'''9'

Tel: 516-431'-61'00
Fax: 516-326-8827

2101 Jericho Tpke, NHP. NY 11040

R~S..# A-48

MIILLlNG, CUTTERS
STARCUT SALES
P,O, Box 376, Farmington, MI 48332-
0376. (3[3) 474-8200 FAX (3[3) 474-
9518. Contact: BiIJ Maples.
R.S ..#A-4

PARTS IClEA!NING EOU'lPMENT
(Aq,ueous Washers)

ABAR WSEN INDUSTRIES
3260. Tillman Drive, Bensalem, PA
19020. rsoo 374-7736, (215) 244-4900
FAX (215) 244-7954. Contact: Tom
Farrell.
R•.S.#A-47

STARCUT SALES
P.O. Box 376, Farmington, MI 48332-
0376. (3[3) 474-8200 FAX (313) 474-
9518. Contact: Bill Maples
R. S. # A-4



This is an advertising dirsctnrvand is not to be construed as a comprehensive listinq, IFor more
information about a specjfic supplier" circle the reader service number on one of the response cards
located on pages 9 or 41.

CONSUlTANTS GEAR GRINDIING
ACCU-PROr.UT .INCJ FA[RLANE GEAR INC.
KLEISS ENG.. 8182 Canton Center Rd., Canton,M!I 48187.
1.0083rd Ave. NE, Suite 101, Fridley, (313)459-2440,(800) 837-1773 FAX (313)

MN 55432. Phone/FAX (612) 483- 459-2941. Contact: Robert Turke.
0461.Co!ltact: Rod Kleiss. R. S.# A-7
R. S.# A-26

FORGIIN'GS
CORNELL FORGE
6666 W. 66th St., Chicago, IL 60638.
(800) 356-020-4 FAX (312) 767-9443.
Contact: Ed Schulz
R.,S. #A·27

Forged Gear Teeth
- Net and Near Net

25% Stronger Than Cut Teeth
Forgings Up To :15Pounds
Custom Order Quantities 250 +
Machining Facilities
30 Years Experience
Member AGMA

Cornell Forge Co.
6666 West. 66th Street
Chicago. IL 60638
(312) 767 ·4242 (800) 356-0204
(312) 767-9443 FAX

a, S. # A-.27

GEAR
BROA'CHING

Nati,ona.11Broach
& M,a,chine Co ..

~
Gearing the World for

Tomorrow
17500 Twenty Three Mile Road

Macomb, Michigan 48044
(313) 263·0100

FAX (313) .263-4571

R. S.# 19

GEARSCHOIOLS

1IIIi
ITW Gear Training Program
A complete. four day.
s.rvm certified seminar.
For COUN: information call

JE\\ E\\.\I.J)
70/'i-(iS7 -SOl);)

.ITOO7Components.and Tools
An lliloois Tool Wo"", Company
3700 W9S'I Lake Avenue , Glenvlew.IL 60025
1'hI>1o. 70H57.SQ23 • F... 706-607·5035

R. S.ttA-30

HEAT TIREAT~NG

National B!roach
& Machi!ne ce,

I~.¥~- -~ - ®

'Gearing the World for
Tomorrow

17500 Twenty Three Mile Road
Macomb" Michigan 48044

(313) 263-0100
FAX (313) 263-4571

R.S. # 19

HOB, SH!ARPENIING
ELTECHINC.
9841 York Alpha Dr .•North Royalton, OH
44133. (216) 582·8195 FAX (216) 582·
8226. Contact Ernst A. Loffelmann or
Harry D. Salverson
R...S. #A-31

,IMPOiRT
AGEINTS

Lorenz Shaper Cutters:
STARCUT SALES
P.O. Box 376, Farmington, Ml 48332-
0376. (313) 474-8200 FAX (313) 474-
9518. Contact Pat Drumm.

R. S.#A-32

IliNISIPECTIIO'N
IEQUIPMENiT

REPAIR.S
PRECISE INSPECTION
27380 Gratiot Ave., Roseville, M]
48066. (313) 445-6959, (313) 775-3334
FAX (313) 775-3334 #7. Contact: W.
Schippert .
R..S. # A-28

MANUFACTURERS
OF CUSTOM-
MADE GEA_RS

ACCU-PROMPT lNC.lKLEISS
ENG •• WO 83rd Ave. NE, Suite 101.
Fridley, MN 55432. (612) 783·1020,
(800) 438·1022 FAX (612) 783-1022.
Contact: Scott Hoffmann.
R. S.#A-26

Spiral bevel g.ears up t01 00
_ inches in diameter. Manufactured

for quiet operation and durability to
meet ,exactproduction reql.Jirements.

AMARillO GEAR COMPANY
Amarillo Gear Company
P.O. Box 1789. Amarillo. Texas 791.05
(806) 622-1273
TWX 91 0-898-41281Amadrive
FAX (806) 622·3258

R.S.#l1
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Complete your Gear Technol,ogy library now.

Single issues and complete yearly sets of back issues are available now. Don't miss

this opportunity to fill in the missing issues in your gear information library.

Single issues mailed to

U.S. Addresses - $9.00 Canadian Addresses - $10.00 Other Addresses - $16.00

Special price on complete yearty .. Is

U 5 AdIIJess canadian Address OIher Address

$36.001984(3 issues) $20.00 $22.50

1985.86,87,88,90,
91,92. 93 (6 issues) $.40.00 $45.00

1989(5 issues no Mar/Apr) $35.00 $40.00

Fill out the order form below 10gel your back issues now.

Send me the following individual back issues:

$72.00

$67.00

Send me the following complete sets:

::J1984 01985 01986

01992 01993

1987 01988 01989 01990 01991

My check for $ 15 enclosed

OCharge my VISAIMC/AMEX card No. _

Expiratlon Date ....l.- _

Signature _

Send 10 the lollowing address

Name __

Address _

City --'Slale _

Country Postal Code _

Mail completed form and payment to

Gear Technology
P. O. Box 1426
Elk Grove Village, IL 60009

144 GEAR TECHNOLOG,(

SERVICE INDEX
MANUFA'CTURERS OF

,CUSTOM·MA!D,E ,GEARS
FAIRLANE GEAR INC.
Sl820mlon CenlerRd., Canton, MI 48187.
(3D) 459-2440, (800) 837-1773 FAX. (313)
459-2941. Contact: Roben. Turke.
R. S.t#A~'

• High Quality spiral bevel gears up 10 50'.
Ha-rd·Metal·Supetfinished or lapped.

• Special 'gear boxes.

• Hydro power plants,

Our contacl in the US A
Nordic International Inc.
Mr. Thad N. Schott
1340 Depot Street. CIeveta nd, OH 44116 USA
Tel (216) 331·22.31. FaK {216] 331·2232

Our ,gntB,C lin EjnlaDd
ATA Osakayhti~
Mr. V·M. Kosmaa
P. 0, Box 210
SF·331Ql Tempere, Finland
Tel +358·31·620100, Fax +358·31-620457

R..S ..#33

HALIFAX. RACK &
SCREW CUTTING CO.
Armytage Road, Brighou se, West
Yorkshire HD6 IQA England. +44 484
714667 FAX +44 484 712532.
Contact Terry Allsopp

HAUF.AX IRACK &
SICREW CUTIliNG CO.

ARMYfA.GE ROAD, BR1GHOllSE, HOS liM
ENGLAND +44 484 714667

f.AX +44 434 112532
Specialist manufacturers of

GEAR RACKS
MOPfQ lOP
up to IS" face

ACME SCREWS/NUfS

R. S. # 25

Nationa:~iBr,oach
'& Machine Co.,

~RI~
Gearing the Wodd fo:r

'Iomerrow
117500 Twenty Three Mile Road

Macomb, Michigan 480.44
(313) 263-0.1DO.

FAX (313) 263-45711

R..S..# 19



H,e:at 'Tr,eat
Especially Ior Geer Makers

Accurate gears need prectse hear treatment. All [he !;ostly
planning &. hard 'work. of making: a quality gear can be lost by
improper heat treating.

Merit Gear Heat Treat ... created to serve your gear heat treat
requirements ... mows guring and irs heat treatment,

Next time don't gamble ... call the gear hear treaters.

Call Merit Gear Heat Treat.

1..800..75..MERIT
.' CathuriI.:and Harden

• NATCO Submersed Induction Hardening

• Computerized Induction Hardening

o Metallurgical Laborarotv

o Specialized gear heat neaten • continuously
improving with formal training

o Process controls, S.P.C. assuring consistent quality

'0 Mll·1 45208A

OJt!k§jrrtIR @aj,jw
Heat T~eat

CIRCLE 1\,-20 on REA,DER REPlVCARD

THE U:ADEA IN

GEAR
IDEBURRINGI

This Automatic Load/Unload (4) Track Pinion
Debun Machine, produces 1000 PIP per hour.

Call Redin Specialists to increase your production.

• Automation
• looth Radiusing
• Grinding "
• !Brushing
• Cams
·CNC

'. Bevell - SP\JJ
- Spiral. Ring
• Plnlon • Hypold:
- Helical .• Spiral Bevel
'. Irregular Shapes any size

1817 - 18th Ave. -!Rockford, Il61104
815-398-1i010. F.AX 815-398-1055

(Established in the late 1930's)

CIRCLE 1\-21 on !READER RE,pLY CARD

diwllg \ 1,1
b !l1l' nl"~1gl'al' dl'~igll

,,,n,, arl' Ihat rl'all~ dl'siglls
anrl Jlot .ill,t fakul;lll".

, '11-' in one Ia GEAR 0,ESIIGN I

__ ,_,SOFTWARIE
- How does it work?' II

FIRST
You define for each

parameter, such as ratio,
center distance, pressure
angle, etc., a convenient

set of values that you. are
really able to u e.

SECOND
You define your perfor-
mance needs regarding

Pitting Life, Bending Life.
Scoring Probability,

Reliability Level and
Operating Conditions.

diwlIg \ 1,1
I, n'all~ l'a,~to lII't' ill ~""I'

1'(" hl'("II".' il permit-,
ill'hil'\ ing high pcrfurmuncc

1'1'-'11" ,inn' il i, ai,,, a
1"(,W,IITh tuol !'Hf allal~ fillg
tlu- inllul'lll'l' HI'l'adl ,illgk

parameter \ urlutlun
ill IIIl' n"IIIt,.

ilisl'ng' 1,1.
\Iso h.., pn'lilllinal',l

dilll('II,i"nill),! prnurum
pl'l'wl1!t'(1 :I;' a ..preud ,111'l'1. TK1RD

You wait a few second
until diseng© finds out the

best solution within your
particular possibilities.

diw!!/! \ 1.1
II.., vtandard EII),!li,h alld

metr!c unit s)~h'l1l' inl"llldt'd

Technical Support m the USA and Canada:
TIlE DUDLEY TECHNICAL GROUP. INC.
Gear Systems Consultants
11150 Via Del Campo, Suite 308
San Diego. California, 92127-2139 USA
Phone (1·800) 354·5178 Fax (619) 487·4893

"Demo & Full Demo
Disk Available"

CIRCLE .0.-22 on READER REPLY CARD
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GROUND

I'WN~
The answer for your
most dem'andii-- --__________ng
gear app~l,ication5.
,ror today's tighter specs, conventional
gear manufacturing methods just
don't cut it.
Niagara Gear does.
As ground 'gear specialists, we use
the latest grinding wheel technologies
and all electronic R.eishauergear
grinders to meet even the most
demanding close-tolerance gear
requirements.
Our ground spur and helical gears
giw you:
• Over 30% more load capacity than

commercial quality gears
• Higher gear quality-up to AGMA

Class 15 with crowning

'. Quieter operation
.' Uniform tooth profiles
.' less scrap, no hand sorting and

lower cost
Mo~e than 80% of our customers are
Fortune 500 co mpanies. let us quote
on your next 'gear requirement and
you'll see why.

FAX: (716)874-9003
941 Military R.oad • Buffalo. NY1142t7

TEL: (H6)B74-3131

CI RC LE A-23 on IR.EADER: REI'L Y CARD,
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neering, engineering data bases and
related topics. The conference will be
held on September 11-14, 1994, at the
Hyatt Regency Hotel, in Minneapolis,
MN. Papers are being accepted for all
six conferences now. Call Jeff
Lenard, ASME Public Information, at
(212) 705-8157 for more details,

CALENDAR
NOVEMBER 3-4
Vacuum Heat Treating & Brazing
User Group Conference. Sponsored
by Abar Ibsen Industries. The Holiday
Inn, Bucks County, Trevose. PA,
Sessions focusing on problem solving
and information exchange for heat
treaters and brazers, Contact Tom
Farrell, (800) 374-7736.

NOVEMBER 25-.29
EPM Vietnam '93, International
Exhibition for Engineering, Produc-
tion & Machinery, Tan Binh Sport &
Exhibition Center, Ho Chi Minh City
(Saigon) Vietnam. Sponsored by
Vietnamese Chamber of Industry &
Commerce and Hannover Fairs USA.,
Inc. Exhibits wilt cover a broad range
of mechanicalengineering products
and services, including tools, cutting
technology, measuring and testing
equipment and surface treatment
technology. CaU Rachel Blumenthal
(609) 987-12Qr2,

NOVEMBER 28 - DECEMBER 3
ASME Winter Annual Meeting.
Ernest N. Morial Convention Center,
New Orleans, LA. Over 300 sessions,
panels and lectures, many covering
meeting theme - "Managing
Technological Risks." can ASME
Meetings Dept. (212) 705-7795.

CALL FOR PAPERS
JANUARY I, 1994 UEADLINE
ASI\.1Eis sponsoring six simultaneous
conferences on mechanisms, design
automation, design theory. flexible
assembly systems, computers in engi-

APRIL 18.21, 1994
North American Material Handling
Show and Forum. Cobo HaU, Detroit,
ML A comprehensive showcase of
material handling equipment, systems
and technologies, plus a concurrent.
educational forum on improving pro-
ductivity in manufacturing and distri-
bution. Contact Carol Miller at The
Material Handling Industry of
America, (800) 345-1815,

(J(J(J
iPEINCllL US IN I I Ii

If your compan.y or organization is
planning an educational or trade
show event that you think would
be of interest to our readers,
announce it in our Technical
Calendar. Notices need to be in
our hands by the 1Othof the
month two months prior to the
issue date in which you wish your
announcement to appear. Mail
your announcement to:

Technical Calendar
,Gear Technology
P'.O. Box 1426
Elk Grove ViIJ'ag.e, IlL 60009
or fax us at (708) 437-66U.



This is... J... ~;r.!:~~~~!
~Hli Machine Tool U.S,.A., Iinc.
907 W Irving Parll: Road •.Itasca. IL ,60143-2023
Phone (708) 860-42.22 • FAX' (708) 860-4233
CIRCLE A·50 on REA'DER: REfiLl" CARD'

Nu other company makes morce gear hobbers"
shapers, and shavers than MUsub,ishi. So U'S,no
wonder no ether Igearhob bel' is as compact and
8S, accurate as the new 'GC:40CNCgear hobber ..

Here are just foUl' reasons why:
• Using [inite analysis, and kinematics, of

machine comuonents, Mjlsubishj design
engineers develDped a structure that. is
extremely rigid.

• lnside, irs 8 big machine with an opt1m1zed
hob head assembly desig-n that mlnlmlzes
overhanD and deUecUon-and maxi.ntizes
cutHng ICBPBbility;

• A.new Mitsubishm servo.:!ryste:mdelivers high
accuracysynchl'OnizaHon between hob and
table!, using leed forward technDlogy.

• Cutting ,capaciHes hovebeenmncreosed by
boosting x- ,and Y-axis,feedr·ates to lO mlmin
and hob speed to ],0110 rpm .

To find out other Igreat reasons why this new
CNCgeafhobber-with fuUy conversationall
CNC coatrols=Is the most productive machine
In lts class [or lor more 1nfomIaUun on the
rull One of MUsubishll oear making machines),
can write or ,circle!the number below.



, SERVICE
-- ----

GEAR TOOTH
GRINmNG SERVICES

• Cost effective gear tooth grinding
spe cia lists

• Gear manufacturers are our only
customers

• Prototype and production quantities
• Capacity to 27.5" P.O., 3.5 D. P.
• Able to match delivery to your

requirements
• All service to AGMA standards with

Certified Gear Inspection Equipment

PRO-GEAR COMPANY, INC.
2.3 [lick Road Depew, NY 14043

Phone (71616B4-3811
Fax (71616B4-71'17

-

~HlOWS G~AR M~ASURING
REMANUFACTURING SPECIALIST

COMPLETE FIELD SERVICE
Calibration and Certification Contracts

Recorder Updates and Retrofits
Major Held Repairs
Parts and Supplies

HEAT TREATING

Amerlican !Metal Treatingl 'Company
1043 East 62nd Street
Clev,eland,OH 44103

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

INVOLUTE. LEAD. INDEX· COMPQSIT'E
EXPERT PRECISION REBUILDING

New Design Updates
100% Satisfaction Guaranteed

Gear Composite Computer Analysing System
Available with Rebuilds on Ferlows

Model 14FPRL Gear Composite Redliners.
_ Pr,otile IEngineeringl, Inc.o f I 100 River Street

~ ~t.,~ ( Springfield, VT 105156
Q" "'~<,. ~ (802)885-9176
" .. -t/ ~". FAX (802) 885-3745

!Contour Iinduction
Hardeniing Specialists

CIRCiL'E A·55 on IREAOER REPlY CARD'

Spur, helical and bevel gears
Our gear hardening equipment
includes 4 NATGO submerged
process machines and 3 AJAX
CNG-conlrolled gear scanning
machines. We can also tool to
meet any production need.
Write for a free brochure.

CIRCLE A-56 on READER REPLY CAIRO

HELP WANTED

Company growth of world leading gear equipment manufacturer has
created the following positions from our Illinois facility:

Sales Engineer: Marketing of hobbing and related machinery.

Service En~illeer; CNC and gear technology experience is needed.

Machine Tool Builder: Precision mechanical, hydraulic and electri-
cal capabilities required.

Send Resume in confidence to:
Koepfer America Limited Partnership
635 Schneider Drive
South Elgin. Illinois 60177
Telephone: 708-931-4121

PlJRCRASING AGENT: $60.000. Automotive Drive
Lin. Components. Southeast. Bi-lingual German a plus.
GEAR MOTOR DESIGN ENGINEER: $50,000.
SA.LES & MARKET[NG MANAGER: $70.000. Drive
Line Compocente. Target Big ).
ENGINEERING MANAGER: $60.000. Enclosed Gear
BDxes. Supervise 4. Design.
Contact Ann Hunsucker. 'Excel Associates" Inc.
P. O. Box 520. Cordova, TN 38088
or call (901)757-9600. FAX (901) 754-2894.

.
liD

Ge,ar Techno'logy
'Calill

(7108) 43,1-6604,.

Rates: Line classified - $37.50 per line. g lines per inch. $300 minimum. Classified Display- per inch (3" min.) IX - $170, 3X-$160, 6X - $150. Type
will be' set to advertiser's layout or Gear Technology will set type at no extra charge.
Payment: Full payment must accompany classified ads. Send check or Visa/Mastercard/American Express number and expiration date to; Gear
Technology, P. O. Box 1426, Elk Grove Village, lL, 60009. Agency Commission: No agency commission on classifieds, Materials Deadline: Ads
must be received by the 25th of the month, two months prior to publication. Acceptance. Publisher reserves the right 10 accept or reject classified
advertisements at his discretion.
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TOM

RZR Gear Honiing Machine
Capacity:
Workpiece 0.0. 9.44· (240 mm)
Clamping Length 19.68" (500 mm)
Longitudinal Travel 10.82" (275 mm)

Nobody but Reishauer. Obtain a high precision
finish on the hardened tooth flanks of gears and
pinions. RZRSeries Honing machines utilize the
oscillation (or plunge) process to achieve increased
productivity without sacrificing superior finishes.
Profiling of the hone ring is done with a diamond
master gear matched to the workpiece spedtica-
tions. Crowning along the lead is CNC controlled
for consistent and repeatable accuracy.

So, before you're caught in a compromising
position, hone in on tile experts.

THIE
P:RECISI:ON

PE!OPLE
REISHAUER

1525 Holmes Road. Elgin, IL 60123
Phone: (708) 888·3828 • FAX: (708) 888-0343

CIRCLE A-42 on READE'R REPLY CARD
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'te RED RING SF-series of grinders
are the world's only fuU6-axis CNC
precision form gear grinders proven in
four years of production.

FLEXlBILITYIVERSATIU1Y. They lei
you choose the best grinding method for
the Iob.from aluminum oxide, ceramic
aluminum oxide,CBN plated, or
dressahle eBN wheels. The SF grinders
are capable of creep feed. or
conventional grinding. Ibis level of
versatility can produce optimum results
on the widest range of jobs.

INCREDIBLY FAST SET-UPS. Part
data input can be accomplished in
approximately 15 minutes. Without. the
need for cams, templates and index
plates, you typically cui set-up time to a
fraction of the time required with
conveattonal machines.

SF'·,SERIIES CNe PRECISION GEA,R GRIINDERS
FOR EXTERNAL AND INTERNAL SPU'R ANiD
iHELICAL, GEAIRS UP TO 3,6,·I'N., DIA.

Consistently higher accuracy.faster set-ups,
and unmatched versatility to boost your
quality and p~oductivity.

EASY PROFIlE COORDINATE
GENERATION. OUf unique, user-friendly
profile coordinate generation software
(PCGS) provides prompts that ask the
operator questions about the involute
profile of the part. Built-in validity
checking on all inputs confinns all data.
Part. profiling is accomplished faster than
ever before.

dress cycle, providing optimum profile
accuracy, particularly on helical gears.

AUTOMATIC S,TOCK DlV1DlNG.
This patented option allows the gear to be
accurately positioned for optimum stock
removal in a fraction of the lime pre-
viously needed for stock divlding.

AUTOMATIC WHEEL SIZE
COMPENSATION. Grinding wheel speed
and profile data are updated with every

TEMPERATURE~CONTR:OLLED
C::OOlANT SYSTEM. Spindle and coolant
temperatures are temperature controlled
to significantly improve grinding accuracy,

~~

Nation'al Broach &,Ma,chi,ne Co. GEARING THE WORLD'FOR TOMORROW

17500 1WEN1Y-THREE MILE ROAD • MT. CILEMENS, MICHIGAN 48044 • 3]3-263-0100 • TELEX 23-0428INATBROA:CH MES • FAX 313-263-4571

Manufacturing afull line of gear finishing equipment, broaching equip1nent and related products and services.
CIRCLEA-19on R:EA!DER;REPLV CARD,


